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This dissertation presents a clear and systematic method for conducting 

cumulative effects assessments in the United States in a manner consistent with 

the 1997 guidelines of the President’s Council on Environmental Quality and the 

1999 guidance of the U.S. Environmental Protection Agency’s Office of Federal 

Activities. This method has been developed in a collaborative process with federal 

and State of Alaska regulatory agency personnel and private sector practitioners, 

including a workshop convened by the author for this purpose, and it has received 

wide public and regulatory scrutiny during the renewal of the federal and state 

right-of-way leases for the Trans Alaska Pipeline System in 2004 and in the    

June 2004 Alaska Groundfish Fisheries Final Programmatic Supplemental 

Environmental Impact Statement prepared for the U.S. Department of Commerce, 
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National Oceanic and Atmospheric Administration, National Marine Fisheries 

Service, Alaska Region. 

The dissertation describes the process through which the cumulative 

effects assessment method presented here was developed and presents this 

approach as a predictive tool with the potential to improve the implementation of 

sustainable development in the United States. In this context, the dissertation 

presents an overview of sustainability theory, distinguishing and reviewing 

representative examples from two major sectors of the sustainable development 

literature, called here the intergenerational equity strand and the human 

development strand. It identifies weaknesses in three key areas of the 

intergenerational equity strand—lack of theoretical cohesion, insufficient tools for 

implementation, and an imbalance between normative goals and practical 

feasibility—and argues that the human development strand, with its empirical 

emphasis on metrics and institutional frameworks, offers a model that can serve 

as a basis for unifying the two strands by providing a theoretical core, 

implementation tools, and practicable goals. 

Finally, the dissertation argues that sustainable development is 

implemented most effectively when it is enabled by institutions that facilitate 

public involvement, particularly participation by the broadest feasible 

representation of the affected stakeholders, and that such institutional 

mobilization can provide a stable and enduring basis to foster the 

intergenerational equity that is the central, distinguishing feature of sustainability. 
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CHAPTER I: INTRODUCTION 

In this dissertation I introduce a straightforward and systematic method for 

conducting cumulative effects assessments in compliance with the National 

Environmental Policy Act of 1969 (NEPA) and its federal implementing 

regulations. Cumulative effects were not explicitly considered in NEPA itself, but 

their assessment was included as a requirement in the regulations, which were 

promulgated in 1978. Since the regulations first appeared, however, there has 

been no standard, systematic, or consistent method for addressing cumulative 

effects, although the publication of federal guidance in 1997 has led the way and 

focused attention on this need. The approach described here has been developed 

collaboratively with professional colleagues, including regulatory agency 

representatives, and empirically tested under nationwide scrutiny in policy 

documents prepared for two major federal actions: renewal of the 30-year lease 

for the Trans Alaska Pipeline System and the revamping of fishery management 

policy for the Bering Sea and Gulf of Alaska groundfish fisheries. This 

contribution is intended to facilitate the use of cumulative effects assessment as a 

public policy tool to help predict the sustainability of future development projects 

in the United States and elsewhere. Accordingly, the dissertation closely examines 

the current status of the sustainability literature and the relationship of sustainable 

development to environmental impact analysis in general and cumulative effects 

assessment in particular. These threads are then unified through the development 

of the cumulative effects methodology described in the dissertation. 
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By sustainability, I mean the potential for the use of a natural resource, or 

the return on an investment, or the purpose served by a development to continue 

over a period that spans two or more human  generations: in other words, the 

capacity to provide a long-term benefit rather than an immediate but temporary 

advantage.1 If sustainability is to be a public policy goal, however, 

decisionmakers must have a tool or method by which they can evaluate the 

potential for a proposed action to be sustainable and, in addition, compare this 

potential among an array of alternative actions to see which best fits the bill. 

Cumulative effects assessment (CEA) provides a systematic basis for doing this. 

CEA is an evolving type of environmental impact assessment, described 

briefly below and in more detail in Chapter III, that can evaluate or predict 

sustainability by taking the long-term view into account. CEA considers the 

incremental contribution of a proposed action in combination with the impacts of 

other past, current, and reasonably foreseeable future actions or events, regardless 

of how or where they originate. The basic idea is to detect additive or synergistic 

effects on the environment, including people, that would not otherwise have been 

predicted.  In this way, the analysis of potential cumulative effects allows 

decisionmakers and the public to obtain a synoptic “big picture” of the 

implications of a proposed action in the wider world, well beyond the 

conventional prediction of direct and indirect effects of the action considered in 

isolation. 

                                                 
1 This is my own definition. A glossary of CEA terms in general use is presented in Appendix B. 
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Taking this larger view has two strong advantages. First, it can help to 

minimize the risk associated with a decision by increasing the probability that 

potential unintended consequences are anticipated—outcomes that would not 

have been predicted using the conventional approach of analyzing and approving 

individual actions on a piecemeal basis. And second, by considering the broader 

implications of a decision, it can assess the potential for the action to be 

sustainable across a wide range of stakeholders, geographic regions, and changing 

conditions. For these reasons, CEA is a promising tool for decisionmakers who 

seek to achieve greater sustainability in public policy decisions and to make those 

decisions on a more informed—and less risky—basis. 

The point of this dissertation, then, is to offer a tested method for 

conducting cumulative effects assessments systematically, efficiently, and 

transparently. It is my hope and intent that the procedure will facilitate greater 

sustainability in policy decisions, and that it will be used and improved upon by 

other practitioners working toward a standard, but flexible and adaptive, state of 

the practice. 

Environmental Impact Assessment 

In the United States and in many other nations, including developing 

countries, environmental impact assessment, or EIA, is currently conducted as a 

part of planning for public or private sector initiatives that could affect the 

environment (Caldwell 1996). Canter (1997) notes that the “technical heart” of 

the EIA process is the prediction of changes, or impacts, in selected features of 
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the physical-chemical, biological, cultural, and socioeconomic aspects of the 

environment that could result from implementation of a proposed action, and that 

the proposed action in question could range from a broad public policy to a site-

specific construction project. 

The basic idea behind EIA is to predict the potential environmental 

impacts of a proposed action as well as the effects of several alternative actions 

that could achieve the same purpose as the main proposal. Then, with public and 

agency review, the regulatory authority responsible for approving the action can 

compare the predicted outcomes and choose the alternative that presents the best 

tradeoff between achieving the desired purpose and avoiding adverse 

environmental impacts. If necessary, the regulatory authority can require  

modifications to the selected action to incorporate mitigative measures so that 

harmful impacts will be further avoided or minimized. Ideally, but seldom in 

practice, the real-world impacts actually produced by the action can be monitored, 

and the action adaptively modified by ongoing management corrections to reduce 

adverse effects still more.       

The concept of using EIA in decisionmaking—predicting and, if feasible, 

offsetting adverse impacts of actions affecting the environment—was rooted in 

the American environmental movement of the 1960s (Smythe 1997, Caldwell 

1998). It was introduced to the world as an official national policy by the United 

States on January 1, 1970, when President Nixon signed the National 

Environmental Policy Act, or NEPA, which became Public Law 91-190. If NEPA 

can be said to be the brainchild of any one person, that individual is Lynton K. 
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Caldwell, who essentially drafted the prototype bill as a checklist and shepherded 

it through Congress with the prominent support of Senator Henry M. Jackson, 

Chairman of the Committee for Interior and Insular Affairs, language from 

committee staff, and additional input and support from Senator Edmund S. 

Muskie (Caldwell 1998, p. 63). 

The action-forcing mechanism of NEPA, extending beyond the broad but 

unenforceable encouragement of environmental protection, was the establishment 

of the EIA process as mandatory policy at the federal level. Title I, Section 102 of 

the Act requires federal agencies to utilize an interdisciplinary scientific approach 

to predict the environmental impacts of proposed federal actions and to document 

the process in a “detailed statement” which is now called an environmental impact 

statement (EIS). Caldwell’s signal contribution was to press for this requirement 

to apply in every instance where a federal decision to establish a public policy, 

fund a program or project, or approve construction would have the potential to 

produce significant environmental change. 

In the more than three decades since NEPA was enacted, hundreds of 

environmental impact statements have been completed each year. In 1997, the 

most recent year for which statistics are publicly available, federal agencies filed 

a total of 498 EIS documents with the U.S. Environmental Protection Agency 

(CEQ 1997a, Appendix—NEPA Statistical Tables, Table 3, pp. 356-358). As 

discussed further in Chapter III, regulations implementing NEPA, promulgated in 

1978, streamlined the process by providing for the preparation of a less detailed 

document called an environmental assessment (EA) in cases where environmental 
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impacts are considered, on a preliminary basis, as uncertain or unlikely to be 

significant. Since then, NEPA has been implemented primarily through EAs, with 

EIS preparation reserved for major federal actions likely to produce significant 

environmental impacts (Bass et al. 2001). The use of EAs minimizes the time and 

cost required for the NEPA process, a necessity to ensure that NEPA can 

realistically be applied on a project-by-project basis. 

For example, from the start of 1994 through June 11, 2003, the U.S. 

Department of Energy (DOE), which since 1994 has maintained statistics on its 

NEPA activities, completed 257 EAs and 87 EISs (DOE 2003, pp. 4-5). Despite 

their smaller number, however, the longer and more complex EIS documents 

were much more expensive, with the EAs totaling $27 million and the EISs 

totaling $426 million2 (DOE 2003, Fig. 1, p. 4). In calendar year 2003, DOE 

completed 24 EAs at an average cost of $76,0003 and eight EISs at an average 

cost of $899,000.4 The average completion time for the 24 EAs was 14 months, 

whereas the average completion time for the eight EIS documents was 25 months 

(DOE 2004, p. 21). These data illustrate a powerful cost-and-schedule incentive to 

apply the NEPA process through EA preparation in cases where adverse 

environmental impacts are likely to be minor or amenable to mitigative action. To 

ensure that this is a safe option, the CEQ regulations require that the EA must be 
                                                 
2 The reported total cost of $426 million applies to 74 EIS documents for which data are available. 
The total costs reported for the EAs and EISs do not include NEPA documents that were adopted 
by DOE or prepared by cooperating agencies, documents for which the costs were paid by 
applicants, or documents for which the costs were not reported (DOE 2003, Fig. 1, p.4).  
3 The reported average cost of $76,000 applies to 18 EAs for which cost data were available (DOE 
2004, p. 21).  
4 The reported average cost of $899,000 applies to seven EIS documents for which cost data were 
available (DOE 2004, p. 21).  
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followed either by a Finding of No Significant Impact (FONSI) by the responsible 

federal agency or by the preparation of a full EIS (40 CFR 1501.4, 1508.9, 

1508.13).    

Despite NEPA’s procedural success, however, there have been persistent 

weaknesses in its application, as Chapter III discusses in greater detail. In a 

retrospective view, Caldwell (1998) discussed problems associated with the 

implementation of NEPA since its passage in 1970. One such failure, according to 

Caldwell, has been the lack of integration of environmental policy into agency 

planning and decisionmaking, both within and between federal agencies.5 He 

identified one of the consequences of this lack of policy integration as a 

fragmentation of goals and methods for conducting EIA among agencies with 

different missions, including those within the same multi-agency departments, 

such as Interior and Agriculture. Inconsistencies in the NEPA process from one 

federal agency to another are not surprising, considering the broadly general 

language of the Act and the absence of implementing regulations during the first 

eight years following its passage. Agencies developed internal procedures 

individually, in accordance with their existing cultures and differences in their 

missions, and much of this disparity has continued to the present. In 1978, the 

year in which regulations to implement NEPA were promulgated, one of the first 

systematic practitioners, D. V. Ward, observed that “The last few years have seen 

an incredible proliferation in number and kinds of environmental impact studies 

performed in North America, and we can expect this trend to continue.” 

                                                 
5 See Caldwell (1998), Chapter 4, Integrating Environmental Policy,  pp. 73-96. 
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Continuing, she noted that EIA practice followed a wide diversity of agency 

guidelines, most of them general, or no guidelines at all (Ward 1978, pp. 1-2). 

EIA practice has evolved during the more than three decades since NEPA 

became law, influenced not only by federal regulations and agency guidelines, but 

also by case law precedent resulting from the need to interpret gaps and 

ambiguities in the federal guidance. For most of that time, EIA practice in the 

United States focused on the prediction of direct and indirect effects that could 

result from proposed actions. Each proposed federal action was addressed by 

itself, with its potential environmental impacts predicted largely in isolation from 

those of other actions proposed by the same agency or by other agencies. 

Even beyond this piecemeal approach to environmental impact prediction, 

however, has been a failure to view predicted direct and indirect impacts of 

proposed actions within the broader context of ongoing external trends and 

probable future events that, although unrelated to federal agency activities, could 

interact with, and thereby influence, the outcomes of those activities. As discussed 

in greater detail in Chapter III, this has led to increasing concern by agency 

representatives that their decisions to approve thousands of individual projects, 

one by one, in separate offices of agencies with different missions, could lead to 

unforeseen and unintended consequences. This is the central issue, the essential 

concern, that has led to the current intense focus on cumulative effects 

assessment, or CEA. 

As noted earlier, the requirement to include CEA as a component of 

environmental impact analysis in federal decisionmaking was not included in 
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NEPA itself but first appeared in the 1978 federal regulations implementing 

NEPA (40 CFR 1500-1508). Section 1508.7 defines a cumulative impact or 

effect6 as follows: 

“Cumulative impact” is the impact on the environment which results from 
the incremental impact of the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what agency (Federal 
or non-Federal) or person undertakes such other actions. Cumulative 
impacts can result from individually minor but collectively significant 
actions taking place over a period of time. 

From 1978 until January 1997, no definitive guidance on CEA was issued 

by the federal government, although the President’s Council on Environmental 

Quality (CEQ), established by Title II of NEPA, issued preliminary guidance on 

CEA for NEPA practitioners in 1994 (CEQ 1994) and, in several instances, 

individual federal agencies and some state agencies issued internal guidelines. For 

example, in March 1990 the U.S. Bureau of Land Management (BLM) and the 

Wyoming Game and Fish Department (WGFD) signed a memorandum of 

understanding which led to the formation of a task force in 1995 “with the stated 

mission of proposing a practical, operational process to analyze cumulative 

impact assessments (CIA)7 of oil and gas development on wildlife resources” 

(BLM/WGFD 1996, p. 2). In 1996, the task force released a 21-page draft 

document with attachments, titled “Planning Aids for Cumulative Impacts 

Assessment,” that provided general guidance on framing the geographic area, 

timeframe, biological species and communities, and analytic process for wildlife-

                                                 
6 Section 1508.8 states that “Effects and impacts as used in these regulations are synonymous.” 
7 This inauspicious acronym was later discarded in favor of CEA, for cumulative effects 
assessment. 



oriented cumulative effects analyses (BLM/WGFD 1996). In common with most 

such guidelines, however, the methodological recommendations pertained mostly 

to types of analytic tools (e.g., quantitative surveys, resource inventories, habitat 

suitability indices, and empirical models) that apply to all EIA—that is, to direct 

and indirect impact analyses—rather than to the particular intent of 40 CFR 

1508.7 and to the principles, goals, and distinctive or unique features of CEA that 

set it apart from the analysis of direct and indirect impacts. The type of broadly 

applicable methodological guidance exemplified by the BLM/WGFD report is 

helpful, but it provides little insight into the special and beneficial reasons, 

discussed above and in Chapter III, for conducting CEA beyond and in addition to 

conventional direct and indirect impact analyses, and such reports typically do not 

incorporate guidance for actually using the results of CEA in planning for 

sustainable natural resource management. 

It was not until the CEQ released definitive guidance on CEA in January 

1997 (CEQ 1997c) that a coherent, agency-wide handbook became available and 

could serve as the basis for mission-specific CEA guidelines to be developed as 

technical advisories or incorporated as revisions to existing NEPA guidelines by 

individual federal agencies. As discussed in Chapter III, however, the cumulative 

effects sections of EISs, while showing improvements correlated with the 1997 

CEQ handbook, continue at present to display wide variations in their degree of 

thoroughness and comprehensiveness and in the extent to which they actually 

follow the CEQ guidance. This variation makes it difficult to compare the results 

of cumulative effects predictions not only among different agencies, but between

10 
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analyses prepared for different projects by the same agency. Assessments are 

prepared by different individuals within the same agency using different 

approaches and formats, and they are frequently prepared by different private 

sector firms under contract to the federal agencies. Even with the guidance of the 

CEQ handbook, CEA sections prepared for different projects typically display so 

much variation that it can be difficult to compile, classify, and compare the results 

of CEA analyses prepared by the same federal agency. As CEAs are compared 

among more than one agency, the task becomes even more problematic. 

This problem is important, and requires corrective action, because the 

whole point of CEA is to understand better how the physical, biological, and 

social effects of individual projects, viewed cumulatively instead of piecemeal, 

can interact in additive or synergistic ways to produce unintended consequences. 

To accomplish this goal, which is admittedly still an ideal rather than a practical 

reality, one must be able to view many projects synoptically across a broad 

geographic or jurisdictional area and over a long timescape, and see how their 

environmental impacts interact with one another, with some effects becoming 

intensified, some neutralized, and others changing to something new and 

unexpected. This is a big-picture kind of process. It requires flying high in order 

to take wide reaches of geographic space and project lifetimes into one’s field of 

vision. From that altitude, one can see a large number of projects, human 

activities, and natural events, but there is a corresponding loss of detail. To see 

additive and synergistic relationships among the projects and to make 

comparisons, therefore, one must establish visible markers that are derived from 
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and thus compatible with the 1997 CEQ handbook. These markers are explained 

in Chapter III, but the important thing to recognize here is that they are resource 

categories and impact mechanisms or pathways that can be used to organize any 

proposed action or alternative action into attributes relevant to CEA. This allows 

them to be compared with any number of past, present, and reasonably 

foreseeable future human actions and natural events so that linkages—attributes in 

common—can be identified and potential cumulative effects predicted. 

This approach has several advantages. Its transparency enables the 

reviewer to see precisely how potential cumulative effects have been identified, 

thus providing a basis for agreement or disagreement with the conclusions. By 

standardizing the method used to predict cumulative effects, this approach could 

also allow the comparison of predicted cumulative effects from one proposed 

action to another, from one agency to another, from one year to the next, so that 

emergent trends and patterns can be discerned over time and time-series analyses 

conducted. The use of explicit markers, or attributes, also opens the possibility 

that relational databases can be built spanning similar or different kinds of 

proposed actions, agencies with differing missions, and variable timescales, 

offering greater descriptive and predictive power than is currently evident in 

NEPA documents. The ability to achieve a synoptic view of the big picture and its 

long-term implications for environmental quality speaks directly to the need for 

tools that can characterize and predict sustainability. 

The advent of NEPA in 1970 brought substantial change to the way in 

which federal agencies made decisions about policies and actions affecting the 
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environment. Prior to NEPA, there was no uniform, systematic procedure to 

ensure that potential environmental impacts were considered along with economic 

factors and that public review and comment were solicited and used to shape 

decisions. This changed because the “detailed statement” required by NEPA—the 

EA or EIS—with its interdisciplinary, consultative, and future-oriented approach, 

became the central decisionmaking tool used by federal agencies. Because it filled 

a procedural vacuum, the NEPA process and its documentation served a de facto 

purpose far beyond the consideration of environmental effects. The EA and EIS 

became the primary, and frequently sole, repositories of information regarding 

every proposed major federal action that could affect the outside world—the 

environment—and, as such, captured its multidimensional physical, biological, 

social, economic, and cultural considerations in a manner that is open to public 

review, appropriate for technical scrutiny and legal adjudication, and available as 

part of the historical record. 

The question of whether a public policy or action will be sustainable is at 

the center of the NEPA process, and the multitude of information assembled in 

NEPA documents is our society’s best resource for moving toward sustainable 

development on a case-by-case basis. Achieving a consistent method for 

predicting cumulative effects will increase NEPA’s power to assess the 

sustainability of federal policy decisions and approvals, because it will provide a 

way to see how individual actions can interact to produce future unintended 

consequences. My goal in this dissertation is to assist that essential next step.        
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Early Origins and Debates 

The path of inquiry that led to this dissertation stems from my experience 

as an Alaskan environmental policy consultant specializing in NEPA practice and 

a broad familiarity with northern resource development activities ranging from oil 

and gas pipelines to commercial fisheries. The dissertation closes a circle of 

relationships that connect northern resource development, the question of 

sustainability, and a new approach, presented here, that can facilitate the 

prediction of sustainability as part of the environmental impact assessment 

process conducted under NEPA. 

This chapter presents a case study that outlines my own awakening to an 

awareness of sustainability issues through my involvement in northern oil and gas 

pipeline projects. It describes the intense public policy debates that preceded the 

construction of the Trans Alaska Pipeline System (TAPS) in the early 1970s, 

including opposition from Alaska Natives, whose claim to lands that would be 

crossed by the pipeline had not yet been resolved, and from environmental 

organizations warning of irreparable damage to wildlife and wilderness values. It 

was through following these debates, and through my involvement in the 

subsequent planning for the Alaska Natural Gas Transportation System in the late 

1970s, that I gained an early understanding of the concept of sustainability and its 

relationship to stakeholder acceptance, explored later in this dissertation. 

As the debates continued, remarkably unchanged, from one pipeline 

proposal to another, they impinged on international relations between the United 

States and Canada, revealing significant similarities between the two nations with 
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respect to the cultural forces opposing trans-boundary pipelines. As institutional 

mechanisms, such as the Alaska Native Claims Settlement Act, were created to 

resolve these conflicts in the United States, the Alaskan pipeline projects were 

facilitated as the barriers of conflict were removed, whereas the Canadian 

proposals remained stalled. A crucial lesson for me was that stakeholders—the 

people who would be affected by a development—are important, and that a 

development will not be sustainable for long, even if it involves responsibly 

managed renewable resources, unless the stakeholders accept it. I realized that the 

debates about the northern pipelines, and the opposition from Dene and 

environmental organizations, were really about sustainability. 

 THE TRANS ALASKA PIPELINE SYSTEM DEBATES 

My career in Alaska began in May 1978, when I first saw the Trans 

Alaska Pipeline and its marine tanker terminal near Valdez, on Prince William 

Sound. Oil and natural gas reserves had been discovered near Prudhoe Bay on the 

Alaskan Arctic Coastal Plain, or North Slope, in 1968, a find that proved to be the 

largest petroleum discovery in the history of North American exploration.8 

Although other options were considered, a consensus emerged that an 800-mile 

pipeline would be required to carry the oil southward to a tanker terminal on 

coastal waters that were ice-free throughout the year. The natural gas would be 

left in the ground for the time being, to be recovered and transported southward at 

                                                 
8 The most commonly published estimates are 23 billion barrels of oil and 26 trillion cubic feet of 
natural gas, with a barrel measuring 42 U.S. gallons. See, for example, the concise historical 
reviews of North Slope petroleum development by Gilders and Cronin (2000) and by Clifton and 
Gallaway (2001), which I draw upon for parts of this summary.  
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some unknown future time. While the pipeline, 129 pump stations, and Valdez 

Marine Terminal—known collectively as the Trans Alaska Pipeline System, or 

TAPS—were still being planned, NEPA became law, and TAPS became the first 

major development project to be assessed under NEPA and subject to an EIS. 

Alaska Native Land Claims 

The NEPA evaluation exposed many unresolved and controversial issues, 

all resulting from the fact that TAPS would cross north-south the Alaskan land 

mass from the Beaufort Sea to the Gulf of Alaska, all of it undeveloped and 

largely unfamiliar wilderness, and that no similar project had been previously 

contemplated. Three issues were at the center of controversy: the unresolved 

status of claims by Alaska Native organizations to lands crossed by extensive 

portions of the proposed pipeline right-of-way; the unknown potential of above-

ground pipeline sections10 to block or impede the passage of large mammals, 

particularly vast migratory herds of caribou; and the possibility that construction 

of the pipeline across terrain that was both underlain by permafrost and, in places, 

susceptible to earthquakes would invite disastrous oil spills.  

Native land claims were settled by Congress with passage of the Alaska 

Native Claims Settlement Act, or ANCSA, which was signed by President Nixon 

in December 1971, removing this impediment to the construction of TAPS and 

making it possible for the federal and state governments to grant essential licenses 
                                                 
9 Eleven pump stations were actually built; Pump Station 11, near the Tazlina River north of 
Copper Center, was configured as an unmanned flow-through facility with no pumping capacity. 
10 The pipeline design included both above-ground and buried sections, depending on permafrost 
conditions as determined by geotechnical studies and terrain unit analysis. Pipeline sections 
crossing predominantly thaw-unstable soils were elevated. 
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and permits (Clifton and Gallaway 2001). The issue of blockage of free passage 

of large mammals, however, remained an open question, and was addressed 

largely through the incorporation of elevated pipeline sections in areas where 

construction was above ground, mitigating the physical and visual barriers 

imposed by the pipeline. The third issue, however—dangers to the structural 

integrity of the pipeline relating to permafrost conditions and seismic events—

took much longer to resolve, because TAPS was the first project of its kind, and 

empirical evidence on pipeline construction in arctic and subarctic conditions was  

lacking, except for a few temporary pipelines built during World War II.11 

NEPA and the Environmental Debates 

At the same time these and other controversial issues were being debated 

in the press and addressed by TAPS design engineers and construction planners, 

the Department of the Interior12 was preparing the EIS required by the recently-

signed NEPA. The EIS discussed the controversies in detail and brought them 

under nationwide public scrutiny, and TAPS became a test case for NEPA’s 

practicality and effectiveness. The Department of the Interior released the final 

EIS in March 1972. The statement included many warnings about the potential for 

environmental damage, including the loss of intangible wilderness values and the 

danger of large oil spills in Prince William Sound, but it also emphasized the need 

for Alaskan oil on the U.S. West Coast and the country’s need to increase its 

                                                 
11 To provide fuel for the Allied war effort in the Pacific, the Canol  pipeline was built in 1942 to 
carry oil from the Norman Wells field in the Mackenzie Delta to Whitehorse for transshipment. 
The pipeline was dismantled in the late 1940s (Indian and Northern Affairs Canada 1995). 
12 The U.S. Bureau of Land Management was the lead agency. 
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domestic oil supply. In his decision, Interior Secretary Rogers C. B. Morton 

declared the TAPS project to be in the national interest. 

Even so, as noted again in Chapter IV, national attention, with extensive 

coverage in newspapers and magazines, amplified the controversies over building 

a pipeline across the Alaskan wilderness. The EIS became the target for lawsuits 

by environmental organizations rebutting its conclusions and challenging its 

compliance with NEPA requirements, particularly with respect to the inadequacy 

of assessing an alternative trans-Canada route through Winnipeg that would 

bypass all but the extreme northeast coast of Alaska. Another lawsuit claimed that 

the proposed right-of-way and land use permits for the pipeline violated the 

Mineral Leasing Act of 1920, because the proposed right-of-way width exceeded 

the 53-foot limit specified under the mining law. Amending the law to allow a 

right-of-way width sufficient for modern heavy equipment to construct the 48-

inch diameter TAPS pipeline would require Congressional action. Injunctions 

soon followed, and by the start of 1973, TAPS appeared to be on indefinite hold 

in the courts, with national public opinion tending to oppose the trans-Alaska 

pipeline while support grew for the trans-Canada alternative. As Coates (1991, pp. 

244-245) points out, however, the fact that NEPA had required detailed study of 

the trans-Alaska route, and that Canada had no equivalent of NEPA to require 

similar studies of the trans-Canada alternative, placed the proponents of the trans-

Alaska route at a substantial information advantage. 
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The Debate in Congress 

After the U.S. District Court of Appeals of Washington, D.C. upheld in 

February 1973 the federal court’s decision that TAPS would violate the Mineral 

Leasing Act, the scene of battle shifted to Congress. In his State of the Union 

Address a few days after the Court of Appeals decision, President Nixon 

emphasized the need for American energy independence, and in an April message 

to Congress on energy policy, he strongly favored TAPS as a solution. In the 

meantime, the Senate Interior Committee had begun hearings in March on a series 

of bills led by Senator Henry M. Jackson to amend the Mineral Leasing Act to 

accommodate the wider TAPS right-of-way. Jackson warned, however, that the 

second obstacle, full compliance with NEPA, would still have to be addressed by 

Congress, and he was determined to find a way to ensure that NEPA, which he 

had shepherded through Congress in 1969, would not be weakened. 

Senator Mike Gravel of Alaska, however, offered an amendment to the 

Jackson bill that declared TAPS to be in full compliance with NEPA and 

prohibited judicial review of the project, thereby foreclosing further court-ordered 

delays. The Senate approved the bill piece by piece, with the crucial vote coming 

on July 17 as the Gravel amendment passed with a tie-breaking vote by Vice 

President Spiro Agnew. As alarms began to be heard from constituents just 

starting to confront gasoline shortages and higher prices, the House passed a 

similar bill on August 2. 
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OPEC Forces the Issue 

As the House-Senate reconciliation process got underway, world events 

would soon force the hand of Congress. On  October 6, Egypt and Syria invaded 

Israel, starting the Yom Kippur war. In retaliation, Arab member states of the 

Organization of Petroleum Exporting Countries (OPEC) on October 17 declared 

an embargo on the shipment of oil to countries that were supporting Israel in its 

conflict with Egypt and Syria, and the other members used the opportunity to act 

in concert to quadruple the market price of oil by withholding supply. With lines 

at service stations and the American public clamoring for gasoline, the reconciled 

bill amending the Mineral Leasing Act was signed into law by President Nixon on 

November 16, 1973 as Public Law 93-153. 

The reconciled Gravel amendment formed the second half of the law, 

separately titled the Trans-Alaska Pipeline Authorization Act (TAPAA), and 

mandated “The earliest possible construction of a trans-Alaska oil pipeline from 

the North Slope of Alaska to Port Valdez” (Mead 1978, p.168). TAPAA codified 

the federal stipulations governing construction and operation of the pipeline 

system and provided the impetus for the State of Alaska to approve equivalent 

stipulations for the approximately one-half of the pipeline that would cross state 

lands. These stipulations, along with federal and state laws and regulations, 

provided the basis for agencies to issue permits and approvals that allowed 

construction to start in early 1974, to regulate and monitor the construction until 

oil flowed in May 1977, and to continue regulating TAPS operation and 

maintenance until the federal and state right-of-way leases were renewed in 2004. 
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It is generally conceded by the petroleum industry13 that the injunctions on 

pipeline construction, lasting roughly four years from 1970 through 1973, bought 

time that allowed the design team, which continued working productively, to 

engineer major improvements. These made TAPS a much safer and 

technologically more sophisticated pipeline and terminal system than would have 

been built even a few years earlier. During the court-imposed delay, two factors 

aided these improvements: first, data from field test sites, permafrost studies, and 

the newly burgeoning technique of simulation modeling allowed major 

engineering advances over the conditions that prevailed in the late 1960s, and 

second, the industry design team sought the help and involvement of public-sector 

experts from the U.S. Army Corps of Engineers Cold Regions Research and 

Engineering Laboratory, the U.S. Geological Survey, BLM, the U.S. Fish and 

Wildlife Service, the Alaska Department of Environmental Conservation, the 

Alaska Department of Natural Resources, the Alaska Department of Fish and 

Game, and other federal and state agencies. The project was allowed to depart 

from the fast track for four years of collaborative reflection and information 

enrichment, and that made all the difference. Through the legal process, therefore, 

NEPA was ultimately responsible for major improvements in the quality of 

engineering design and construction planning that provided lasting environmental 

protection when the safer TAPS came to be built and operated.14     
                                                 
13 For example, see the discussion of this point in the Environmental Report for the TAPS Right-
of-Way Renewal, Appendix D.3, Historical Synopsis: Trans Alaska Pipeline System,  p. D-14 
(TAPS Owners 2001).  
14 The history of the discovery of oil on Alaska’s North Slope, the pre-construction politics of the 
Trans Alaska Pipeline System, and the pipeline’s dramatic construction is told masterfully and 
lyrically by Robert Douglas Mead in Journeys Down the Line, published in 1978 and now out of 
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Thinking about Sustainability 

Although I lived through these events and followed them with interest on 

television and in the pages of newspapers and magazines, I did not see the 

pipeline until May 1978. At that first sight, the controversies were still fresh in my 

mind, and I remember asking myself whether the environmental risks emphasized 

in the EIS would be realized: “Will this pipeline still be operating, carrying oil 

along its 800-mile length, years from now? Or will it block massive numbers of 

caribou, rupture in an earthquake, subside into melting permafrost—or, for that 

matter, run out of oil—and come to an early demise?” Although the word had not 

yet come into general use and did not occur to me, I was thinking about 

sustainability. 

In fact, all of the controversies that were addressed by the NEPA process 

and that delayed the construction of TAPS for four years were generated by 

doubts and disagreements about whether the pipeline system would be 

sustainable. Now, 30 years later, we know that TAPS did prove to be sustainable, 

because it is still operating. Chapter IV of this dissertation discusses some of the 

costs inherent in that sustainability, that is, the factors that allowed the system to 

operate continuously over three decades, despite a major oil spill in Prince 

                                                                                                                                     
print. Adding more than a decade’s worth of perspective to Mead’s earlier account, Peter A. 
Coates in The Trans-Alaska Pipeline Controversy (1991) provides a detailed and layered narrative 
of the political, engineering, and construction challenges that delayed the building of TAPS during 
the five years from April 1969 until April 1974. In an unassuming disclaimer, Coates explains that 
his book “is not a comprehensive history of the TAPS controversy” and that “this is not a political 
scientist’s study of special interest and regional pressure groups and their methods” (p.21). Even 
so, his book, Mead’s, and Jon Hanrahan’s and Peter Gruenstein’s Lost Frontier: The Marketing of 
Alaska (1978) are nearly all we have on the inner workings of this politically and socially complex 
project. Coates writes that “Yet to date, there has been no book-length treatment of the 
controversy to supersede these early accounts” (p.21). 
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William Sound, up to the time, in 2004, when the right-of-way leases had to be 

renewed or the project shut down. Further, it explains a method first used to assist 

the decision of whether, and with what stipulations, to renew the leases by 

evaluating under what future conditions the pipeline system was likely to remain 

sustainable. Thirty years ago and today, the question of whether TAPS would be a 

sustainable development was central to the decisions approving its construction 

and continued operation.   

THE ALASKA NATURAL GAS TRANSPORTATION SYSTEM DEBATES 

The year following my first sight of TAPS, in 1979, I was hired as the 

Environmental Planning Coordinator for the proposed Alaska Natural Gas 

Transportation System (ANGTS). Proposed in March 1974, this second major 

Alaskan pipeline project was intended to extract and transport the “stranded” 

natural gas still underground at Prudhoe Bay. Considered at that time to be, at an 

estimated construction cost of $13.6 billion,15 the most expensive private-sector 

construction project in history, ANGTS was intended to supply the northern 

Midwest and the Pacific Coast of the United States with an abundant supply of 

natural gas. The project would have built a 48-inch diameter buried pipeline to 

transport chilled natural gas from the Prudhoe Bay oil field southward along the 

TAPS corridor and then eastward along the Alaska Highway and across the 

United States-Canada border into the Yukon Territory. The pipeline would then 

pass through British Columbia and Alberta to connecting pipelines in the northern 
                                                 
15 This estimate, made in 1978, reflected commencement of operations on January 1, 1983, with a 
projected 32 percent cost overrun and an adjustment from 1978 to 1983 dollars (Brown and 
Barlow 1978, p. 48). 
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United States, a total length of about 4,500 miles. In Alberta, the Alaskan gas 

would be augmented by northern Canadian gas from the Mackenzie River Delta 

and by southern Canadian gas from the Alberta gas fields. From Caroline, 

Alberta, a trans-border pipeline would carry the combined Alaskan and Canadian 

gas southward, dividing into eastern and western legs to connecting lines in the 

United States, which in turn would transport the gas to the Midwest and Pacific 

Coast. 

ANGTS was not built, because the market price of natural gas fell after its 

deregulation by the Carter administration and the pipeline lost its economic 

feasibility. The international agreement between the United States and Canada 

that approved ANGTS in 1977, however, remains in effect and contains a 

provision that allowed construction of the trans-border pipeline from Alberta to 

the connecting lines in the United States. The western and eastern legs of this 

“Prebuild” portion of ANGTS were completed in 1981 and 1982, respectively, 

and serve as the conduit for substantial southern Canadian gas exports to the 

United States. The Prebuild has provided a major, long-term source of revenue to 

Canada and has been instrumental, along with oil production, in elevating the 

western provinces, particularly Alberta, to a prominent position in Canadian 

economic and political life (Tussing and Tippee 1995, Foster 1979). 

At the time of writing, in 2004, TransCanada Corporation, headquartered 

in Calgary, is pursuing sales contracts that would make it economic to construct 

the ANGTS pipeline through Alaska and western Canada to connect with the 

Prebuild portion. TransCanada holds the right-of-way lease for federal lands in 
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Alaska and easements across Canadian lands, and TransCanada’s application for a 

right-of-way across State of Alaska lands received provisional approval from the 

Alaska Department of Natural Resources on October 15, 2004 (TransCanada 

2004). Although market conditions for natural gas are difficult to predict (Tussing 

and Tippee 1995), efforts by the State of Alaska to promote a natural gas pipeline 

by taking an equity position or assuming a part of the shipping risks increase the 

probability that ANGTS or an alternative pipeline scenario will be built during the 

first quarter of the twenty-first century. 

Cultural and Institutional Barriers in Canada 

In the mid-1970s, though, as TAPS overcame its environmental and 

political challenges and entered the construction phase, events leading to the 

ANGTS project kept alive many of  the same controversies that had characterized 

TAPS. This time, however, they were mirrored in Canada, which at that time had 

not settled Native claims and did not have a law equivalent to NEPA. The absence 

of these two crucial elements would lead to a decision to bypass northern Canada 

and instead route the gas pipeline alongside TAPS and then southeastward across 

Canadian lands less vulnerable to Native claims and environmental sensitivities. 

Again, as they had for TAPS, ANCSA and NEPA would provide legal and 

institutional advantages in the United States that would prevail over the lack of 

equivalent structures in Canada, resulting in a decision to avoid northern Canada 

and instead build the northern part of ANGTS through Alaska. 

A few years before the ANGTS project was conceived, at the same time 

that TAPS was undergoing scrutiny while lawsuits delayed its construction, 
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passionate controversy, with threats of violence, had erupted over an earlier gas 

pipeline proposal. A Canadian consortium, Arctic Gas, intended to transport 

natural gas in a pipeline from Prudhoe Bay eastward across the Arctic National 

Wildlife Range (now enlarged, reconfigured, and renamed the Arctic National 

Wildlife Refuge, or ANWR) to the Alaska-Yukon border, then eastward to the gas 

fields of the Mackenzie River Delta, where more gas would be added to the 

pipeline. From the Mackenzie Delta, the planned route extended southward 

through the Mackenzie Valley, eastward to Alberta, and from there to connecting 

pipelines in the United States to supply the Midwest and Pacific Coast. 

A major difference between the original Arctic Gas proposal and the later 

ANGTS project was that the Arctic Gas pipeline would have passed through lands 

in the Yukon Territory and British Columbia that were home to the Dene people, 

who were actively contesting ownership and autonomy over their ancestral 

territories with the Canadian federal and provincial governments. At issue for the 

Dene were two main points: (1) whether aboriginal people would have control 

over, and receive economic benefit from, a natural gas pipeline passing through 

their lands, and (2) whether such a pipeline would have harmful socioeconomic 

and cultural consequences for the Dene. There were particular concerns regarding 

the sustainability of traditional subsistence hunting dependent on the Porcupine 

Caribou Herd, because the most densely used portion of the herd’s calving 

grounds was, and remains today, on the coastal plain of the Arctic National 
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Wildlife Range in the path of the proposed Arctic Gas pipeline16 (Coates 1991, 

Peacock 1977). 

Again, as with TAPS, these controversies revolved around the issue of 

sustainability. If the Dene people did not accept the pipeline, there would be little 

point in trying to build it across their ancestral lands. The Dene would, in all 

likelihood, marshal international attention and opposition to the project through 

political action and the media. Sustainability, in this case, hinged on whether the 

Dene would accept the changes that would result from the pipeline, and there was 

every indication that they would not, unless local self-determination, land 

ownership, and an alternative framework for natural resource development could 

first be negotiated with the federal, territorial, and provincial governments. As 

envisaged by Dene specialist Mel Watkins (1977) in an essay written at the time 

of these controversies, such an alternative framework would require new legal, 

political, economic structures empowering aboriginal people to tax or impose 

royalties on resource extraction and to regulate, participate in, and benefit from 

the industrial activity on their lands. 

The Berger Commission  

In March 1975, recognizing that Dene opposition would indefinitely stall a 

natural gas pipeline through the Mackenzie River Valley, the Canadian Minister 

of Indian Affairs and Northern Development, Jean Chrétien, appointed Justice 

                                                 
16 Twenty-five years later, potential impacts to the Porcupine Caribou Herd by disturbance or 
displacement of calving remains an important concern for opponents of petroleum exploration and 
development in the Arctic National Wildlife Refuge. These opponents include many individuals of 
the aboriginal Gwi’chin, a Dene people whose subsistence culture depends on the Porcupine Herd. 
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Thomas R. Berger of the Supreme Court of British Columbia as chairman of a 

commission to investigate the potential impacts of the Arctic Gas pipeline on the 

region’s people and environment. The Mackenzie Valley Pipeline Inquiry, 

commonly called the Berger Commission, lasted 20 months, until November 

1976. The Commission heard testimony from over 1,000 aboriginal people in 

seven languages from villages throughout the Mackenzie Valley, as well as from 

over 500 others from outside the region, including experts on permafrost, arctic 

wildlife, pipeline construction, and other pertinent topics, making it the largest 

public inquiry in Canadian history. Throughout the testimony, a consistent theme 

emerged: for the Dene, the North was not the frontier to be tamed, but the 

homeland to be protected. The Commission’s report, published in May 1977, 

stated this message explicitly in its title: Northern Frontier, Northern Homeland 

(Berger 1977). In its opening pages, the report framed the distinction in 

Manichaean terms: 

The choice we make will decide whether the North is to be primarily a 
frontier for industry or a homeland for its peoples. We shall have the 
choice only once. Any attempt to beg the question that now faces us, to 
suggest that a choice has already been made or need never be made will be 
an inexcusable evasion or responsibility (Berger 1977, pp. 1-2).   

In their testimony, from village to village, the Dene made clear that they 

would defend their homeland and could, if they chose, prevent the pipeline from 

being built. For example, in Fort Good Hope, Northwest Territories, a young 

Dene chief, Frank T’Seleie, addressed not only the Commission, but Canada: 

Whether or not your businessmen or your government believes that a 
pipeline must go through our great valley, let me tell you, Mr. Berger, and 
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let me tell your nation, that this is Dene land and we the Dene people 
intend to decide what happens on our land. Different people from outside 
have asked me whether or not I felt we could really stop the pipeline. My 
answer is: ‘yes, we can stop the pipeline’ (T’Seleie 1975). 

Calling industrial development on Dene lands “genocide,” T’Seleie vowed 

to “lay down my life” to stop the pipeline, explaining that the Dene were 

committed to stopping any outside attempt to alter their land and way of life, 

because such change would destroy their heritage and their ability to perpetuate 

their culture through future generations (T’Seleie 1975). 

Impassioned statements like that of Frank T’Seleie and hundreds of other 

Dene participants in the hearings attracted wide attention in the press. While the 

Berger Commission hearings were under way, the National Energy Board of 

Canada and the U.S. Federal Power Commission (FPC) were conducting their 

own concurrent hearings on the Arctic Gas and competing pipeline proposals. As 

discussed below, the staff of the FPC was acutely aware of the controversies 

raised by the Dene over the Arctic Gas proposal, and their attention focused on 

the potential advantages of an alternative all-Alaska route. 

El Paso: An All-Alaskan Alternative 

In September 1974, about six months after the Arctic Gas proposal was 

first announced, the El Paso Alaska consortium proposed an 809-mile natural gas 

pipeline along the TAPS corridor to Point Gravina on Prince William Sound, a 

few coves south of the TAPS Valdez Marine Terminal site. At Point Gravina, a 

liquefied natural gas (LNG) plant would be built to liquefy and store the North 

Slope gas brought south by the pipeline. There the liquefied gas would be 
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transferred to LNG tankers for shipment to Oxnard, Point Conception, or Long 

Beach, California, where it would be deliquefied and transported overland to 

domestic markets (FPC 1976). Under the El Paso Alaska proposal, Canada would 

not be involved at all. 

The El Paso Alaska proposal—an all-Alaska gas pipeline—had the 

advantage of freedom from Native land disputes. In Alaska, Native land claims 

had already been settled by Congress with ANCSA in 1971, and by late March 

1975, TAPS was under construction. Adding a second pipeline more or less 

alongside TAPS might amplify the expected environmental impacts but would 

not, at least, open additional wilderness areas to disturbance. 

Nevertheless, significant environmental impacts were predicted for an 

LNG plant on Prince William Sound. In particular, these concerned what would 

now be called the cumulative effect of potential collisions and spills from both oil 

and LNG tanker traffic crowding the constricted shipping lanes to and from the 

Valdez and Point Gravina terminals on a 24-hour basis, every day for decades to 

come (FPC 1976). With rising demand in the United States for natural gas, 

however, it seemed likely in 1977 that some configuration for pipeline to 

transport Alaskan natural gas from Prudhoe Bay to the Lower 48 states would be 

needed long before aboriginal land claims were settled in western Canada. 

The El Paso Alaska proposal in March 1974 marked the beginning of an 

epic series of events in the gas pipeline story. Table 1 presents a basic chronology 

of these developments in the United States and Canada. In the following pages, I 
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touch on some of these events to explain how they led to my awareness of 

sustainable development as a stakeholder-centered enterprise. 

The Federal Power Commission Proposes a Sustainable Alternative 

In the United States in the mid-1970s, the FPC was the lead federal agency 

responsible for conducting the environmental impact analyses that were now 

required by NEPA for the competing Arctic Gas and El Paso Alaska proposals. 

Under NEPA, the FPC had to prepare an EIS that would compare the preliminary 

designs of the two projects and identify the route that would produce the lesser 

environmental impact. Also, the FPC had the sole regulatory authority to grant a 

right-of-way for either project in the United States (the Arctic Gas pipeline would 

cross about 195 miles of mostly federally-owned land on Alaska’s North Slope) 

by issuing a Certificate of Public Convenience and Necessity, the coveted license 

that would allow one pipeline, but not the other, to be built. 

In April 1976,17 the FPC released its Final EIS comparing the Arctic Gas 

and El Paso Alaska projects (FPC 1976). Surprisingly to those not closely 

involved in the proceedings, the EIS identified an entirely new route as the 

environmentally preferable alternative. This new alternative, called the Alcan 

route, would follow the Trans Alaska pipeline southward from Prudhoe Bay to the 

Alaska or Alcan Highway, then follow the highway eastward to the Canadian 

border. 

 

 
                                                 
17 This was about six months before the Berger Commission’s hearings were completed. 



Table 1. Chronology for the Alaska Natural Gas Transportation System 

Date Description 

March 1974 Arctic Gas proposal is submitted to the NEB and FPC. 
September 1974 El Paso Alaska proposal is submitted to the FPC. 
March 1975 Mackenzie Valley Pipeline Inquiry (Berger 

Commission) begins hearings. 
April 1976 Federal Power Commission Final EIS on the Arctic Gas 

and El Paso Alaska proposals recommends an 
alternative route on environmental grounds. 

July 1976 Alcan proposal is submitted to the FPC. 
September 1976 The FPC’s Final EIS on the Alcan proposal indicates its 

viability as a “compromise.” 
October 1976 Congress passes the Alaska Natural Gas Transportation 

Act, establishing an expedited process to reach a 
decision on the competing proposals: an FPC 
recommendation to the President, followed by a 
Presidential decision. 

November 1976 Berger Commission hearings end. 
March 1977 Alcan files an improved design to expedite construction 

and startup. The FPC approves the environmental 
assessment submitted for the revised project. 

May 1977 Berger Commission report, Northern Frontier, Northern 
Homeland, is published. 

May 1977 The FPC issues its recommendation to the President.  
Commissioners are evenly split between Alcan and 
Arctic Gas, leaving the selection to President Carter. 

September 1977 Following extensive public hearings in both countries, 
the United States and Canada complete negotiations for 
an “Agreement on Principles Applicable to a Northern 
Natural Gas Pipeline.” The Agreement specifies the 
Alcan route. 

 
(Continued) 
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Table 1. Chronology for the Alaska Natural Gas Transportation System (2) 

September 1977 Executive Office of the President releases the “Decision 
and Report to Congress on the Alaska Natural Gas 
Transportation System,” selecting the Alcan 
consortium’s proposal. The Decision and Report to 
Congress makes public the unsigned Agreement on 
Principles, which is subsequently signed by 
representatives of the United States and Canada. 

October 1977 The Carter Administration establishes the Department of 
Energy (DOE) with James R. Schlesinger as Secretary.  
The Federal Power Commission is reorganized within 
DOE as the Federal Energy Regulatory Commission 
(FERC). 

January 1978 North Slope petroleum producers join with John 
McMillian of Northwest Energy Company to form the 
Northwest Alaskan Pipeline Company, which will 
submit the application for a Certificate of Public 
Convenience and Necessity to FERC for the Alaska 
Segment of ANGTS. 

April 1978 Fluor Corporation begins engineering design, 
permitting, and preparation of the FERC license 
application for the Alaska Segment of ANGTS. 

April 1978 The Canadian Parliament enacts the Northern Pipeline 
Act, establishing the Northern Pipeline Agency. The 
Agency’s mission is to certify Canadian components of 
ANGTS and to regulate planning and construction of the 
Canada Segment by Foothills Pipe Lines Ltd. of 
Calgary. 

 
(Continued) 
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Table 1. Chronology for the Alaska Natural Gas Transportation System (3) 

1978-81 Foothills designs and builds Phase I of ANGTS with 
two delivery legs commencing at Caroline, Alberta. The 
western leg extends 180 miles to Kingsgate, B.C.; the 
eastern leg extends 396 miles to Monchy, Saskatchewan. 
At those locations, the Prebuild legs connect to pipelines 
that transport the export gas inside the United States. 
Since 1981, this “Prebuild” has delivered large volumes 
of Canadian natural gas to U.S. markets in California, 
the Pacific Northwest, and the Midwest. 

1981 The FERC license is granted to Northwest Alaskan 
Pipeline Company. 

1982 Adverse market conditions lead ANGTS sponsors to put 
the project on hold for two years. 

1985 ANGTS is put on hold indefinitely; Northwest Alaskan 
Pipeline Company subsequently sells its FERC license 
to Williams Brothers of Tulsa. The license is now held 
by the TransCanada Corporation (2004). 

1995 In this typical year, Foothills exports 922 billion cubic 
feet of Canadian gas to U.S. markets. This represents 
about one-third of all Canadian natural gas exported 
annually to the United States (National Energy Board 
2004). 

2004 The capacity of the Prebuild has been expanded five 
times since 1981. The system now exports about 3.3 
billion cubic feet of natural gas per day, or as much as 
1.2 trillion cubic feet per year, to markets in the United 
States (Treasury Board of Canada 2003). 
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From the border, the pipeline would continue overland, across the Yukon 

Territory and British Columbia to Caroline, Alberta, where the route would 

bifurcate into the same western and eastern legs as with the Arctic Gas proposal. 

From Caroline southward, the Alcan alternative followed basically the same 

routes as Arctic Gas. The northern part of the pipeline, however, would be in 

Alaska and avoid the controversial Dene lands that were the subject of the Berger 

Inquiry. 

Aware of the intensity of concerns about any potential Mackenzie Valley 

pipeline expressed by the Dene people during the Berger Inquiry, the FPC staff 

first proposed the alternative Alcan, or Alaska Highway, route in 1975 as an 

essentially ad hoc solution to avoid impacts on traditional Native subsistence 

culture and provide a way forward for gas commercialization. Peacock (1977) 

attributed the Alcan concept to University of Alaska economist and consultant 

Arlon Tussing. In testimony before members of the House Interior Committee in 

March 1977, Tussing cited not only economic justifications, but also the 

likelihood that the Berger Commission would recommend against the Arctic Gas 

or any other Mackenzie Valley route. Whatever its precise origin, however, it 

appears that the Alcan concept was receiving active consideration by FPC staff as 

early as 1974. 

To gain more insight into what actually happened behind the scenes within 

the FPC, I interviewed Mike J. Sotak for this dissertation on May 1, 2000. Mr. 

Sotak was the leading FPC staff member responsible for originally “floating” the 

Alcan concept in the 1975 Draft EIS comparing the Arctic Gas and El Paso 
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Alaska proposals. In fact, he had suggested the Alcan route as early as December 

1974 at a Department of the Interior meeting. The advantage of suggesting the 

Alcan route as a new alternative in the Draft EIS was that, under NEPA, the FPC 

was required to give the draft document wide circulation and to solicit public 

review and comment, including a public hearing. The FPC was also required to 

consider and incorporate responses to the public comments in preparing the Final 

EIS. According to Mr. Sotak, “As we reviewed the comments received on the 

DEIS18 and rewrote the alternatives section for the FEIS,19 it became apparent that 

the Alcan alternative was environmentally superior and would result in fewer 

long-term impacts. The conclusion section of the FEIS, though difficult to write, 

took an environmental position, not an FPC position, because the remainder of the 

FPC staff, Rates, Engineering, etc., was supporting the Arctic Gas project. There 

was a lot of behind the scenes activities, but we would not change our position. 

Northwest Energy locked on the alternative and ran with it” (Sotak 2000).  

In July 1976, a new consortium consisting of Alberta Gas Trunk Line 

Company Ltd., Westcoast Transmission Company Ltd., and Northwest Pipeline 

Corporation (later Northwest Energy) of Salt Lake City responded to the signal 

from the FPC’s  EIS and filed its proposal to finance and build the Alcan project. 

The 731-mile Alaskan section would be built by a Northwest Pipeline subsidiary, 

the Alcan Pipeline Company (later reorganized at the Northwest Alaskan Pipeline 

Company). 

                                                 
18 DEIS refers to the 1974 Draft Environmental Impact Statement. 
19 FEIS refers to the April 1975 Final Environmental Impact Statement. 
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Four months later, in November 1976, the FPC staff released a second EIS 

that now included the Alcan route and identified that route as the environmentally 

preferable alternative. This further marginalized the El Paso Alaska alternative 

and effectively limited the options to the Arctic Gas and Alcan proposals, both of 

which would require an agreement with Canada. The following month, Congress 

passed the Alaska Natural Gas Transportation Act (ANGTA), intended to 

expedite construction of a pipeline by establishing a process through which the 

FPC would recommend the most acceptable route to the President, who would 

then conduct the necessary negotiations and make the decision to award the 

license. 

The winter of 1976 was particularly severe, and a natural gas shortage 

developed in the United States. Discussions between newly inaugurated President 

Carter and Prime Minister Trudeau regarding the pressing need for the two 

nations to approve and build a natural gas pipeline to the United States were 

among the earliest items on the President’s agenda. On January 28, 1977, the two 

nations signed a treaty in which each “undertook not to interfere with the transit 

across its territory of the other’s natural gas and oil” (Peacock 1977, p. 12). 

In May 1977, four months after President Carter took office, the FPC 

issued its recommendation to the President as required by ANGTA. The Federal 

Power Commissioners, however, could not reach a majority opinion and 

recommended both the Arctic Gas and Alcan routes, leaving the decision to the 

President. Nevertheless, the FPC made it clear that Canada should participate, 

thus eliminating the El Paso Alaska proposal from further consideration. Because 
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both nations would build the pipeline, President Carter initiated negotiations with 

Canada through the State Department for a trans-boundary pipeline system. 

Whether that system would be the Arctic Gas or Alcan project would be 

determined jointly by the United States and Canada, with the ultimate decision 

resting in the hands of President Carter and Prime Minister Trudeau. 

The Berger Commission Stops Arctic Gas 

That same month, in May 1977, the Berger Commission issued its report 

and recommendations after four years of hearings. The Berger Report 

recommended a ten-year moratorium on pipeline construction, during which 

Canada’s federal government and the appropriate provincial and territorial 

governments would make a concerted effort to settle  Native land claims in a 

lasting and mutually satisfactory way. This reflected a statement by Dene leader 

George Erasmus, who said that his people were not ready for the changes a 

pipeline would bring and would need at least ten years to prepare (Berger 1977). 

The report also recommended a permanent ban on any overland pipeline20 

from Alaska across the northern Yukon, thereby avoiding adverse impacts to the 

Porcupine Caribou Herd, so important to the traditional Dene culture. To facilitate 

this goal, the report recommended reserving an area of nearly 4,000 square miles 

for the North Yukon National Park, which would be established in 1984 and 

remains today. The recommendations of the Mackenzie Valley Pipeline Inquiry 

                                                 
20 To avoid the North Yukon National Park, recent and current proposals to build a natural gas 
pipeline from Alaska eastward to the Mackenzie River Delta rely on alignments through shallow 
nearshore waters of the Beaufort Sea. This option was technically much less feasible in the 1970s. 
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ended any imminent plans for the Arctic Gas project, and the Arctic Gas 

consortium was permanently disbanded. 

The International Agreement 

 Negotiations between the United States and Canada continued through the 

summer of 1977, during which Canada decided to accept the Berger 

Commission’s recommendations, and the negotiations culminated in an 

Agreement on Principles that specified the Alcan route. In September, President 

Carter released his decision and made public the Agreement on Principles, which 

was signed and ratified by both nations soon thereafter. 

From 1977 through 1981, Northwest Alaskan Pipeline Company 

conducted intensive field research and produced the engineering design products 

and regulatory permit applications that were necessary to secure the federal right-

of-way license from the FPC, now reorganized as the Federal Energy Regulatory 

Commission (FERC). The FERC license, giving final authorization to proceed 

with the Alaskan portion of the Alcan project, was granted in 1981. 

In the meantime, however, the economic feasibility of the Alcan project 

was steadily declining because of changing market conditions, and in 1985 the 

project was put on indefinite hold. The adverse market conditions were a result of 

a decline in demand for natural gas resulting from an economic recession and 

energy conservation measures, an increase in the domestic supply in response to 

higher wellhead prices, and escalating estimates of construction costs resulting 

from inflation and rising interest rates (Treasury Board of Canada 2003). 
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Sustainability as the Deciding Factor 

Shortly before FERC  issued the Certificate of Public Convenience and 

Necessity to Northwest Alaskan Pipeline Company in 1981, I left my position as 

Environmental Planning Coordinator for the Alcan project. Even before the 

license was granted, it had become clear that the project would not be built in the 

near future. Nevertheless, in my position I had become closely familiar with many 

of the events described above. I had read the first volume of Berger Commission’s 

report and understood that its findings, and the FPC’s motivation for proposing 

the Alcan route in the first place, were about sustainability, although the word had 

not yet entered general usage. As Mr. Sotak made clear in our May 2000 

interview, the environmental advantages of the Alcan route made it more likely 

that it would actually be built. This, however, was the minority view within the 

FPC, because other FPC staff continued to support the Arctic gas project despite 

the concerns expressed by the Mackenzie Valley stakeholders. Ultimately, 

however, it was the Alcan proposal that was selected by the United States and 

Canada, and that proposal remains licensed and under active consideration today 

(Thomas 2004). 

The period described in the preceding pages proved to be formative in my 

professional development and in shaping the view of sustainability set forth in this 

dissertation. I watched with great interest as the fortunes of the competing 

northern pipeline proposals ebbed and waned. As a result, I realized that the 

Arctic Gas project came to be considered unsustainable by the wider public, 

including a few maverick FPC staff, only after the Berger Commission hearings 
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had commenced and passionate testimony began to be heard from the Dene 

people. 

Stakeholders and Institutional Mobilization 

The Dene were the individuals whose way of life would be directly 

affected by the pipeline and whom we would now call stakeholders. In this way, I 

began to understand that sustainable development involved more than the 

renewability of natural resources: to be sustainable, a development had to be 

accepted by the people it would affect. And for this acceptance to come, the 

stakeholders required a measure of control over how the project would be 

planned, built, and managed over the long term. 

In the case of the Dene, events since the Berger Commission hearings 

have supported this view of sustainability. The crucial difference between 1977 

and today is that many, if not all, of the Native land claims in the Mackenzie 

Valley have been settled, and the Dene stakeholders now have local jurisdictional 

authority over their lands. Frank T’Seleie, the young Dene chief who called the 

pipeline “genocide” and pledged his willingness to lay down his life in opposition 

to the pipeline in 1975, became chief again at Fort Good Hope in 2002 and is now 

a strong advocate of a Mackenzie Valley natural gas pipeline, because most land 

claim obstacles have been cleared, and his people, some of whom now own 

construction and oil field service businesses, stand to benefit economically from 

the pipeline (CBC Archives 2004). 
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Another passionate and determined pipeline opponent during the Berger 

Commission hearings, Stephen Kakfwi, was interviewed in 2000 by James 

Brooke of The New York Times: 

“We had no offices for our chiefs, no telephones,” recalled Stephen 
Kakfwi, a member of the Dene tribe who fought the pipelines 25 years 
ago. “Of our people, 75 percent were trappers. They weren’t involved in 
the process. We had no understanding of the way that the government of 
Canada worked. We had no business experience.” 

In the intervening years, the federal and territorial governments settled 
virtually all native land claims in the valley, giving tribes legal standing to 
negotiate rents and royalties. Today, tribes own drilling companies and 
negotiate exploration royalty payments with multinational companies. Mr. 
Kakfwi is now premier of the Northwest Territories. 

In January, chiefs of all 30 tribes in the region unanimously approved a 
joint statement “to build a business partnership to maximize ownership 
and benefit of a Mackenzie Valley pipeline.” Their representative, the 
Aboriginal Working Group, which is seeking a majority stake in a 
pipeline, has hired the aboriginal banking unit of the Bank of Montreal to 
secure job guarantees, job training, service contracts and rent payments 
from pipeline companies. In may, Mr. Kakfwi flew to Calgary, where he 
pitched the pipeline to the Canadian Energy Pipeline Association. 

“What has changed? We are now in control, the majority of the territorial 
legislature is aboriginal,” Mr. Kakfwi said in Yellowknife, the territorial 
capital. “The nations have got their own land back. They have businesses. 
They have money” (Brooke 2000). 

In 1977, a statement like the above would have been unthinkable, yet the 

Berger Commission testimony demonstrates that this denouement was envisaged 

even then by Frank T’Seleie, George Erasmus, Stephen Kakfwi, and other Dene 

leaders who would come to support the pipeline when their people could control 

at least some of the outcomes that development would bring. 
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The experience of observing this process of stakeholder empowerment 

through what I will call institutional mobilization has informed my understanding 

of sustainable development and led to this dissertation. A striking aspect of the 

northern pipeline controversies is that they encapsulate within a unified example 

all three types of sustainability discussed in this dissertation: sustainable resource 

management (oil and gas), sustainable fish and wildlife management (and 

subsistence on these living wild resources as a foundation of Native culture), and 

sustainable development itself (in this case, the construction and operation of 

wilderness pipelines that persist for decades and introduce largely irreversible 

changes). The result of my professional experience with these three kinds of 

sustainability has led me to think deeply about how my own profession of 

environmental policy analysis can make a practical contribution to further the 

sustainability of developments as they are planned, approved, and implemented.  

Methodological Considerations 

Although I am in a position to address the topic of sustainability through 

my professional participation, I recognize that the methodological consequences 

for this dissertation have advantages and disadvantages. There are advantages in 

my long familiarity with natural resource development projects, the public policy 

issues they present, and the methods used to evaluate their potential 

environmental  impacts.  At the same time, there is the dilemma of familiarity on 

the one hand tending to offset objectivity on the other. Because I am involved 

daily in practicing environmental impact assessment under NEPA, I can make no 
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claim to being a neutral outside observer. Instead, I have designed, in 

collaboration with colleagues, an improved method for a particular type of impact 

assessment that has a highly visible profile at present: cumulative effects 

assessment, or CEA (Senner 2001, Senner et al. 2002). 

The current high visibility of CEA relates to its potential usefulness in 

reducing a risk faced by regulatory agency staff as they approve or disallow 

individual federal policies and actions. The risk in question is the possibility that 

an approved action will fail because it is not sustainable. This type of risk is 

reduced by connecting one decision to another, one decisionmaker to another, one 

agency to another, one point in time to another, and—in all cases—one piece of 

information to another, instead of the conventional practice, still dominant in 

federal agencies, of approving actions on a piecemeal basis. The ability to reduce 

the risk attendant on decisionmaking is why an improved method for conducting 

CEA, as presented in this dissertation, is important. 

Because I am directly involved in advancing the state of CEA practice, I 

have used an intentionally self-conscious approach to explain my  professional 

background with the northern pipeline story, how it has influenced my thinking 

about sustainability, and how it has led to the dissertation topic. In the remainder 

of this chapter, I explain the central argument of the dissertation and how that 

thesis is developed, and finally, I explain how the dissertation is organized chapter 

by chapter. 

Table 2 provides an overview of the sequence through which the 

dissertation was prepared, from my November 1998 interview with Professor 
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Lawrence Susskind in Cambridge, Massachusetts to discuss the dissertation 

concept and continuing to the June 2004 publication of the Final Programmatic 

Supplemental EIS for the Alaska Groundfish Fisheries, which presents the most 

recent version of the CEA approach described in this dissertation. 
 

Table 2. Dissertation Methodological Sequence 

Period Process 

November 19, 1998 Interviewed Professor Lawrence Susskind, 
Director of the MIT-Harvard Public Disputes 
Program, at MIT on the feasibility of the 
dissertation subject and ways to focus the topic 
more narrowly on CEA and sustainability 
through a mutual gains approach. 

November 1999 - July 2000 Developed prototype CEA method for the 
TAPS Right-of-Way Renewal Environmental 
Report released May 2, 2001. 

April 27 - May 1, 2000 Interviewed Mike J. Sotak of the original 
Federal Power Commission staff responsible 
for recommending the ANGTS pipeline route. 

April 2000 - January 2001  Building on the TAPS experience, led the team 
that prepared a comprehensive CEA for the 
first Draft Programmatic Supplemental EIS for 
the Alaska Groundfish Fisheries, released on 
January 18, 2001.  

January 2001 - November 2002 Planned and conducted an industry-sponsored 
workshop on November 6, 2001 with 20 
invited participants to develop an improved, 
standardized CEA method. The final report on 
the workshop was issued on November 18, 
2002 (Appendix 1). 

(Continued) 
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Table 2. Dissertation Methodological Sequence (2) 

June 18, 2002 Presented a paper describing the improved 
CEA approach and its potential application to 
sustainability at the 22nd Annual Conference of 
the International Association for Impact 
Assessment, The Hague, on June 18, 2002.  

June 20, 2002 Interviewed Anne Norton Miller, Director, 
Office of Federal Activities, U.S. 
Environmental Protection Agency, on the 
concepts that led to the EPA’s CEA guidance. 

November 2002 - September 
2003 

Prepared an improved and expanded CEA for 
the second Draft Programmatic Supplemental 
EIS for the Alaska Groundfish Fisheries, 
released in September 2003.   

September 2003 - June 2004 Prepared the third CEA with extensive further 
refinements for the Final Programmatic 
Supplemental EIS for the Alaska Groundfish 
Fisheries, released in June 2004.  

 

Thesis Development 

The dissertation argues that a development—be it an investment, 

construction project, resource extraction, or other profit-motivated enterprise—is 

most likely to succeed over the long term and, in the process, to achieve 

intergenerational equity if it is supported, rather than opposed, by the people it 

affects, and that this simple and rather self-evident idea is the central requirement 

of sustainability. It follows that this concept can be considered the focus of any 
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practical method developed to predict sustainability, and such a method is 

presented and described here in detail. 

At first glance, this view of sustainability may appear to be inappropriately 

and narrowly focused on stakeholder acceptance, excluding considerations of fish 

and wildlife populations and their habitats, biodiversity, and threatened and 

endangered species; depletions of non-renewable resources such as minerals, oil, 

and natural gas; strategies for optimizing yields of renewable resources such as 

forestry and agricultural products; energy sources such as solar and wind power; 

and irretrievable losses of wilderness and cultural values, including languages, 

oral histories, and traditional crafts and knowledge. This is not the case. All of 

these factors, and others, are indispensable components of the concept of 

sustainability put forward in this dissertation. Stakeholder acceptance, however, is 

the common criterion that unifies the otherwise unworkably complex issues of 

sustainability, clarifies its policy objectives, and facilitates the institutional 

frameworks necessary to achieve those objectives.  

The dissertation also maintains that it is not enough just to recognize what 

sustainability is and to adopt it as a normative goal. Agreed-upon and widely 

employed procedures or methods are needed to predict whether proposed 

developments are likely to be sustainable and to measure the results. The 

dissertation makes the case that, in the United States at present, the best candidate 

for such a standard tool is cumulative effects assessment, or CEA. The supporting 

rationale for this assertion, it will be argued, is embedded in the preceding view of 

sustainability, as well as in the attributes of CEA methodology. 



 

48 

Finally, the dissertation introduces a simple, systematic, and transparent 

method, recently tested and implemented, for clarifying and applying CEA on the 

basis of current federal regulatory guidelines. The approach presented here is a 

direct response to the substantial lack of agreement on CEA methods apparent in 

federal documents prepared under the authority of the National Environmental 

Policy Act of 1969 (NEPA). It is intended as a contribution toward standardizing 

CEA methodology into a more practical—that is, more reliably predictive, cross-

comparable, quantifiable, and cost-effective—approach that can be used as a tool 

to assess the probability that an action will produce a sustainable outcome. This is 

important because federal and, increasingly, state and local agencies are focusing 

policy decisions on sustainable outcomes and need a predictive tool that can 

discriminate among alternative courses of action and their attendant risks.  

To develop these ideas, the dissertation first examines the concept of 

sustainability in three broad areas of the literature—renewable resources, fish and 

wildlife management, and sustainable development—and argues that because 

certain conditions are necessary for sustainability to be achieved in any of these 

areas, sustainability is, in this sense, conditional. Second, it describes the 

evolution of CEA under NEPA and identifies impediments to effective 

implementation. Third, the dissertation introduces a field-proven analytic 

approach to facilitate a consistent and reliable CEA practice that complies with 

legal and technical requirements currently in effect in the United States. It 

describes the recent testing of the new approach in its practical application to two 

major public policy decisions: the renewal of the federal right-of-way for the 
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Trans-Alaska Pipeline System and management of the Bering Sea and Gulf of 

Alaska groundfish fisheries, which together constitute the world’s largest 

commercial fishery in terms of harvest volume and revenue. In conclusion, the 

dissertation suggests ways to increase the usefulness of CEA as a predictive tool 

for sustainability, in particular by creating a synoptic approach that will allow 

individual development decisions to be aggregated and viewed as components of 

a larger, coherent, and more meaningful picture over the long term. 

Organization 

The dissertation consists of six chapters that follow the sequence outlined 

above. Read in sequence, the chapters build the argument that CEA is a useful 

tool for predicting the sustainability of proposed developments, and that the 

particular method presented in this dissertation provides a systematic and 

transparent framework for application of the tool. 

This introductory chapter has provided background on how environmental 

impact assessment is conducted in the United States, including a broad failing: 

our lack of ability to estimate risks associated with decisions to approve new 

development projects because the decisions are made piecemeal, in isolation from 

one another and with little sense of how individual actions might interact 

additively or synergistically in the reasonably foreseeable future. I have explained 

that this problem is important because it impedes the ability of decisionmakers to 

predict whether the developments they must approve or deny are likely to be 

sustainable over the long term. Finally, I have described my own formative 
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experience with Alaskan and Canadian natural gas pipeline projects to provide 

insight into the evolution of my thinking about sustainability, environmental 

impact assessment, and thus the dissertation topic relating the two. 

Chapter II, Sustainability and Its Conditions, provides the theoretical 

foundation for the dissertation. It examines three ways in which the concept of 

sustainability has evolved, first reviewing sustainable yield from renewable and 

nonrenewable resources, then sustainable fish and wildlife management, and 

finally, in greater detail, sustainable development. The proposition is made that 

sustainability is conditional, in that the degree to which actions are sustainable 

depends on the conditions under which they proceed. Sustainable development, in 

particular, is discussed in the context of institutions that set the conditions under 

which development proceeds and mobilize the ability of stakeholders to influence 

its outcome, i.e., institutional mobilization. There is a clear relationship between 

this argument and my experience with the northern pipeline controversies, 

described above. 

The dissertation argues that sustainable development holds a paradox: it 

can change the attitudes and cultures of the very stakeholder populations that are 

intended to be protected from change. Because sustainability requires stakeholder 

participation, and because such participation can transform cultural attitudes, the 

goal of sustainable development is not necessarily to prevent cultural change. It 

follows that proponents of sustainable development cannot defensibly maintain 

that cultural change introduced by developers from outside the culture is 
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necessarily or always bad, because sustainable development is itself an agent of 

change. 

One important pathway to sustainability, therefore, is to ensure that the 

change that development brings is in the interest of the receiving culture while, at 

the same time, maintaining profitability or other benefit for the sponsors. This is 

the function of what I call institutional mobilization. The role of the institution, 

whatever form it takes, is to plan, direct, and manage the ways in which the 

interests of the sponsors and the affected stakeholders are mobilized through their 

participation to assure an outcome characterized by long-term mutual advantage.  

In a successful sustainable development, therefore, patterns for mutual 

gains are established, stabilized, and perpetuated through institutions designed to 

maximize long-term advantage to the stakeholders and their descendants through 

maintaining the profitability of the development. People may change as they 

participate in this process. This seems counter-intuitive or paradoxical to some 

proponents of sustainable development, particularly those who believe the goal is 

to isolate the receiving culture from change, but such change may indeed occur. 

Chapter III, Cumulative Effects Assessment under the National 

Environmental Policy Act, moves the discussion into practical application. It 

introduces cumulative effects assessment, or CEA, which in the 2004-2005 time 

frame is a currently evolving, actively discussed, and widely misunderstood area 

of environmental impact analysis. It is argued that CEA is an institutional effort to 

assess the risks and set the conditions attendant on potential future actions—

whether related to renewable resource yield, fish and wildlife management, or 
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development—to maximize the probability that if they are undertaken, they will 

be sustainable. This chapter discusses the origins of CEA in the National 

Environmental Policy Act of 1969 (NEPA) and explains the subsequent 

regulatory developments, including guidelines issued in 1997 by the President’s 

Council on Environmental Quality (CEQ), that led to the current intense interest 

in CEA practice as demonstrated in the literature. The chapter reviews evidence 

suggesting that the state of CEA practice is widely variable, making it difficult to 

compare policies, programs, and projects from agency to agency, region to region, 

and from one year to another with respect to their potential cumulative effects. 

Chapter IV, Toward a Standard Method, describes a new approach to help 

correct the problem of CEA variability and facilitate closer compliance of CEA 

practice with the 1997 CEQ guidelines. This is accomplished by (a) restructuring 

the guidelines in a more practical sequence and (b) presenting the assessment 

results in an orderly and transparent manner. The chapter describes the first step 

in the process through which the new approach was developed: the team effort to 

identify potential cumulative effects associated with renewal of the 30-year right-

of-way lease for the Trans Alaska Pipeline System (TAPS). 

Chapter V, Refining and Testing the Method, describes how the new CEA 

approach was substantially improved in a one-day workshop, with 20 participants, 

to seek advice from the community of Alaskan federal, state, and local regulatory 

agency representatives involved in NEPA practice and from private-sector 

practitioners associated with Alaskan oil and gas exploration, production, and 

transport through pipelines. 
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The method was tested and further refined through its application to a 

major Programmatic Supplemental EIS (PSEIS) that presented and evaluated 

alternative future management policies for the Alaska groundfish fisheries. In this 

third step, the team relied on lessons learned from the TAPS right-of-way 

renewal, feedback from the workshop, and the expertise of staff of the North 

Pacific Fisheries Management Council and fisheries scientists at the Alaska 

Fisheries Science Center in Seattle, a unit of the U.S. Department of Commerce, 

National Oceanic and Atmospheric Administration (NOAA), National Marine 

Fisheries Service (NOAA Fisheries).  

The PSEIS was required by U.S. District Court Judge Thomas S. Zilly in 

rulings in Greenpeace v. NOAA Fisheries that an earlier Supplemental EIS was 

legally inadequate and, in addition, that NOAA Fisheries had not established 

sufficiently protective measures for Steller sea lions. Judge Zilly ordered an 

injunction against all trawl fishing within designated critical habitat areas until the 

matter was resolved. Because the future of the Bering Sea and Gulf of Alaska 

ecosystems, as well as the economic livelihood of commercial fishermen in 

Alaska and many other states, depended on the conclusions made in this NEPA 

document, it received international attention, including 21,361 separate 

communications from individuals and organizations in all 50 states and 28 other 

nations, some of which provided valuable feedback on the CEA process. 

Because of its importance as a public policy document, the PSEIS served 

as a stringent test for the CEA methodology presented in this dissertation, with 

Congressional, legal, and technical scrutiny setting a high bar. The chapter 
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discusses the refinements incorporated into the two public review drafts and final 

version of the document, as well as the methodological lessons learned from this 

test case. 

Finally, Chapter VI, Conclusion, provides a brief synthesis of the themes 

and findings of the preceding chapters. It recommends promising future avenues 

of research and application that have the potential to strengthen the ability of 

policymakers, regulators, and NEPA practitioners to predict and facilitate 

sustainable development in the United States and elsewhere. 
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CHAPTER II: SUSTAINABILITY AND ITS CONDITIONS 

This chapter defines sustainability and examines the three kinds of 

activities to which the term sustainable is applied in the literature: sustainable 

yield, or consumption, of a renewable or non-renewable resource; sustainable fish 

and wildlife management; and sustainable development. It argues that these are all 

basically the same thing, and that sustainability is not absolute but conditional: 

that sustainability depends on the conditions under which an action proceeds, and 

that those conditions are determined by the interests and efforts of stakeholders. 

In particular, the dissertation asserts that agreement, or consensus, on goals, along 

with acceptance of outcomes, are necessary conditions for sustainability in all 

three cases. It is further argued that the three categories illustrate differing degrees 

of consensus on goals and outcomes, with sustainable resource yield representing 

the most agreement and sustainable development the least.  This idea leads to the 

introduction and explanation of the concept of institutional mobilization as a 

means of enabling stakeholders, through law, regulatory oversight, and 

participation, to influence the goals and outcomes of an action to ensure a high 

probability that it will be sustainable. The National Environmental Policy Act of 

1969 (NEPA) and the Council on Environmental Quality (CEQ) regulations 

implementing NEPA are discussed as the primary institutional enablers for 

sustainable development in the United States. Finally, this chapter revisits oil and 

gas pipelines in the northern United States and Canada, discussed in Chapter I, as 

examples of sustainable development as defined here, despite the fact that the 



 

56 

natural resources they transport are non-renewable. The apparent paradox in this 

view is explored. 

Sustainable Yield 

Sustainability can be successfully and consistently achieved through the 

management of renewable resources, and empirical principles for achieving 

sustained yields of agricultural and forest products are well established (Harris 

2001). Sustainability issues pertaining to renewable resources focus primarily on 

the appropriate and equitable application of these principles and implementing the 

practical methods that derive from them. For example, Field (2001, pp. 222-224) 

identifies four problems encountered in managing forest resources throughout the 

world, paraphrased as follows: 

1. maintaining production of forest outputs in the face of expanding human 

populations and the increasing consumption of non-wood forest products 

as well as the consumption of wood, which increased globally by about 

900 million cubic meters, or about 36 percent, in the 25-year period from 

1969 through 1994 (U.N. Food and Agriculture Organization 1997); 

2. impacts on non-timber forest uses, particularly the shift in many 

developed countries to outdoor recreational uses and the need to balance 

its social benefits with attendant adverse effects on other values such as 

wildlife habitats, watershed protection and water quality, and air quality 

impacts; 
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3. increasing pressure, especially in developing countries, to convert forest 

land to other types of land use such as subsistence and commercial 

agriculture, industrial uses, and urbanization; and 

4. the need to identify and develop metrics for managing forest-derived 

benefits that are newly recognized but globally important, such as carbon 

sequestration, biodiversity, and ecosystem protection. 

All of these and other issues of forest sustainability involve political and 

institutional arrangements rather than well-established principles of forest 

management relating to sustained yield. Similar issues apply to agriculture, where 

principles of crop management are also well established and widely accepted. In 

both cases, forestry and agriculture, there is an important distinction between 

sustained yield and broader issues of sustainability. 

Just as plant life, the basis for agriculture and forestry, depends on 

sunlight, non-living renewable resources, such as solar energy, wind power, and 

the water cycle, also depend on energy output from the sun. Principles for the 

sustainable yield of these renewable resources are well established, although 

technological barriers to achieve economically efficient use are still being 

overcome. 

A much more difficult challenge is posed by the sustainable use of non-

renewable resources, however, because there appears to be a contradiction 

between sustainability on the one hand, and the finite supply of such resources on 

the other. Ackerman characterizes this challenge as follows: 
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There are inescapable natural limits to the use of materials in a sustainable 
society. For renewable resources, there is a sustainable annual yield—for 
example, the annual growth in a forest—which harvesting cannot succeed 
in the long run without causing depletion. For nonrenewable resources, 
there is no such thing as a sustainable long-run “yield” of virgin material; 
it is important to seek alternatives and move away from dependence on 
finite, exhaustible supplies (Ackerman 2001, p. 190). 

How, then, can we talk about sustainable copper mining? After all, there is 

only so much copper in the ground, and once it is removed, we will never be able 

to dig out any more. The only answer to this question, ultimately, is to remove 

and use the non-renewable resource more slowly, so that it will last longer. The 

problem with this answer is that it conflicts with the market incentive to make a 

profit as quickly as possible. This, then, is the central problem of sustainable 

development: the goal of long-term, or intergenerational, equity conflicts with 

short-term economic imperatives. Solutions to the problem basically involve the 

economic equivalent of what on personal terms would be called delayed 

gratification, something notoriously difficult to achieve. 

One way to circumvent the delayed gratification problem is through the 

multiple use of recycled materials, so that the same physical matter removed from 

the ground—whether oil, gas, metals, industrial products, and even wastes—is 

used again and again by a series of different industries and processes in a sort of 

industrial multiplier effect, spinning off value-added profit at each stage of reuse. 

This approach, called industrial ecology (Socolow et al. 1994), is modeled on the 

material and energy flows that occur among different trophic levels in 

ecosystems. Again, as described by Ackerman: 
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Just as there are nutrient cycles in nature, with wastes of one organism 
providing food for another, so, too, there can be material cycles in 
industry, with wastes and byproducts from one firm providing valuable 
inputs to another firm. A linear economy, in which everything is used once 
and then discarded, requires huge resource inputs and generates huge 
wastes in the process of satisfying consumer demand. In contrast, a 
cyclical economy, in which one industry’s waste is another industry’s 
resource, can achieve the same levels of production and consumption with 
far lower levels of material “throughput” (Ackerman 2001, p. 191). 

In the same way that social change requires agriculture and forestry to 

move beyond the established principles and methods of sustained yield to the 

much more challenging political and institutional solutions needed to achieve 

sustainability, industrial ecology will require new public policy arrangements 

involving systemic changes in the public and especially the private sectors. It may 

be too much to expect that an industrial ecology will arrive on its own in the 

reasonably foreseeable future, the offspring of market forces. Achieving a viable 

form of industrial ecology, even as an experiment, will require the mobilization of 

institutional arrangements through public policy decisionmaking. In this regard 

especially, there is really no difference between the sustainable use of non-

renewable resources, briefly noted here, and sustainable development, discussed 

in greater detail later in this chapter. 

    Sustainable Fish and Wildlife Management 

As discussed above, sustainable yield, as in crop management, and the 

sustainable consumption of other renewable resources, such as solar energy, are 

governed by empirically derived principles and technologies that can be applied 



 

60 

to achieve well established and widely accepted goals.21 This is only partly true 

with regard to sustainable fish and wildlife management, because there is 

typically disagreement not only on the management principles to be applied, but 

also on the goals to be achieved. In this sense, sustainability as applied to fish and 

wildlife management represents a mid-section on the continuum from consensus 

(sustainable yield) to disagreement (sustainable development) on goals and 

outcomes. 

Fish and wildlife management can be viewed as applied ecology, in the 

sense that principles governing biological populations are used to maintain those 

populations in accordance with publicly established management goals; and as 

discussed below, conflicts commonly arise with regard to both the principles and 

the management goals. Relative to other disciplines in the biological sciences, 

ecology is not particularly new. By 1927, when Oxford’s Charles Elton published 

his textbook Animal Ecology (Elton 1927), the discipline was an established part 

of academic curricula, and the British journal Ecology was in its eighth volume.  

Although ecology became a recognized branch of science early in the 

twentieth century, however, its principles had been understood and applied 

empirically by landowners, foresters, and game managers for many centuries past. 

These principles essentially concern the biological population: how it functions 

                                                 
21 These goals may conflict with those of other stakeholder groups, such as organizations 
dedicated to wilderness preservation. In such apples-and-oranges cases, the target resources are 
different, e.g., oil and gas on the one hand, and wilderness on the other, and the opposing 
stakeholders can legally and safely resolve the conflict through a regulated, mediated, or voluntary  
compromise. See,  for example, Bacow and Wheeler (1984), Susskind and Cruikshank (1987), and 
Susskind and Field (1996). These cases are really examples of conflicts within the sustainable 
development subset, treated separately below. 
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and sustains itself in its physical environment, how it is regulated, and how it 

interacts with other biological populations. This was a subject of great practical 

importance to past generations dependent for sustenance on an abundance and 

diversity of fish and wildlife species. 

In Game Management (1933), the first synthesis of "a coherent system of 

principles" (p. xxxii) applied to North American conditions, Aldo Leopold 

documented (pp. 3-21) an empirically derived conventional wisdom extending 

back in time past the country estates of Victorian England, through feudal Europe 

and Asia, to the Mongol Empire of Kublai Khan (1259-1294), which, according 

to the narrative of Marco Polo, had an extensive system of hunting restrictions, 

wildlife preserves, winter feeding, and cover control established by edict: 

This is the earliest known instance of food and cover control combined 
with restrictions on hunting. Its completeness implies a long previous 
course of evolution. Although now six centuries old, it sets a pace in 
management techniques which our most modern state would be hard 
pressed to follow (Leopold 1933, p. 7). 

Leopold may have been unaware, however, that perhaps 1,000 years 

before the  reign of the Mongol emperor, in the fourth century B.C., Meng K‘e, or 

Mencius, explicitly set forth fishing, hunting, and cover control recommendations 

as part of the Confucian education for the ruling class (Lau 1970). 

 For the purposes of this discussion, a biological population is defined a 

geographically connected, reproducing assemblage of plants or animals of a 

single species. The population is the basis for evolutionary and ecological theory 

because species survive and evolve as populations rather than as individual plants 

or animals: the forces of natural selection act on enduring, adapting populations 
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rather than on transient, genetically fixed individuals; gene pools are perpetuated 

and modified as a function of how populations interact with and are shaped by 

their environments. In practical application, established techniques of fish and 

wildlife management focus on the population because it is the renewable supply 

of individuals of a species for consumptive and non-consumptive uses (Leopold 

1933, pp. 24-45). Users and appreciators of wildlife want to maintain an abundant 

supply of the plant and animal species which they, for whatever reason, care 

about. 

Many characteristics of biological populations were first defined in 

systematic fashion by Elton (1927), Chapman (1928), and Leopold (1933). They 

showed that a key property of populations is productivity: the rate at which a 

population replenishes itself through reproduction or, put another way, the rate at 

which the adult portion of a population produces other reproductively mature 

animals. Productivity depends on two things: the annual rate of reproduction—the 

total number of young produced by the population each year—and the rate at 

which young survive to be recruited each year into the adult, reproducing portion 

of the population. 

Productivity is important in understanding how populations are regulated, 

because it is the property through which environmental conditions influence 

population size and structure. Any cause—hunting, for example—that removes 

reproductively mature animals from a population prior to the start of breeding will 

incrementally reduce the breeding capacity and, therefore, the annual rate of 

reproduction of that population. Also, insufficient food or cover to allow all 
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young to survive to adulthood, or a predator that removes some young before they 

reach adulthood, will incrementally reduce the number of sub-adults recruited 

each year into the adult population. Leopold (1933, p. 25) called these various 

environmental conditions "factors of productivity" and showed that by affecting 

the number of young produced each year or the number of young surviving to 

adulthood, factors of productivity are responsible for regulating animal 

populations. 

Leopold classified factors of productivity into two major categories: 

decimating factors and welfare factors. Decimating factors pull productivity down 

from its maximum potential by removing adult or young animals through hunting, 

predation, diseases and parasites, adverse climatic effects, accidents, or other 

direct means. These are now called mortality factors. The second category, 

welfare factors, affects productivity "indirectly by decreasing the weakening the 

defense against the decimating factors" (Leopold 1933, p. 26). Welfare factors are 

now generally included under the category of "habitat:” the supply of oxygen, 

food, water, territorial space, breeding sites, three-dimensional cover, insect-relief 

areas, overwintering dens or pools, trace nutrients, and other survival 

requirements of a population. R. N. Chapman published the first quantitative 

analysis of these various factors and called the sum of all such factors acting on a 

population its "environmental resistance" (Chapman 1928, pp. 111 -122). Leopold 

(1933, p. 26) viewed productivity as "the breeding potential minus the 

environmental resistance,” explaining that every biological population is the 

combination of mortality- and habitat-related factors that act to hold 
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productivity—and, therefore, population size—back from the theoretical 

maximum. 

One of Leopold's special contributions was to show that, for any 

biological population (i.e., plant or animal, fish or wildlife, vertebrate or 

invertebrate), some factors of productivity have more influence than others: that 

productivity tends to be held in check by one or sometimes a few "limiting 

factors" that far outweigh the other factors of productivity that act in combination 

on the population, and that "game management consists largely of 'spotting' the 

limiting factor, and controlling it" (Leopold 1933, p. 39). He showed that research 

is necessary to identify the limiting factor(s) acting on a population before that 

population can be understood and effectively managed, and that if the limiting 

factor can be identified, adjusting it even slightly may produce a large change in 

productivity: a major result from minimum expended effort. 

On the other hand, making large changes to non-limiting factors will have 

little or no effect on productivity and result only in wasted time and money. 

Therefore, Leopold concluded, practical and effective regulation of biological 

populations to increase or reduce their size, maintain them at a steady level 

through time, expand or reduce their geographic distribution, or alter sex or age 

composition can be achieved most economically and rapidly by first identifying 

and then carefully adjusting the factor or factors which are limiting that 

population. 

Leopold thus helped establish a systematic and efficient approach to 

sustainable fish and wildlife management, based on applied ecology and the 
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conventional wisdom of long-established practice, that has been the mainstay of 

teaching in range science and practical application by resource agencies in the 

United States for nearly 70 years. 

Since the 1960s, particularly in the United States, Leopold’s limiting 

factor approach has lost favor among regulatory agencies charged with protecting 

the public’s fish and wildlife resource. One possible reason for this is that labor-

intensive and time-consuming field research is necessary to identify the factors 

limiting even the most-studied wildlife populations, and fish populations are 

present an even more difficult challenge because they are harder to observe 

behaviorally and to survey. Such studies are expensive, and funding is scarce. 

Consequently, agencies have adopted a risk-averse approach, called the 

precautionary principle, to govern decision-making where information is lacking 

on population-limiting factors, i.e., for most species. 

The precautionary principle derives from the public trust, in that agency 

decisionmakers are charged with ensuring that their decisions are in the public 

interest. Most often, the pertinent, species-specific information necessary for an 

informed judgment is not available, creating an unknown level of risk associated 

with the decision. A common application of the precautionary principle, entirely 

understandable and supportable in an information-poor decision-making 

environment, is to protect the habitats used by the potentially affected species.  

The term habitat is defined here as the combination of environmental 

conditions necessary to support a population. Put another way, habitat is the 

unique combination of environmental conditions to which a single species, and no 
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other species, has adapted. The combination of conditions, or ecological niche, 

may be quite broad, allowing different kinds of uses from place to place, season to 

season, or year to year, or it may be extremely narrow and specialized; but it is 

defined only in terms of a single species. 

There is no difference in principle between factors of productivity that 

relate to mortality, and those that relate to habitat: both act to regulate 

populations. In all cases, however, factors of productivity have meaning only with 

respect to a single species and ultimately a single population of that species. 

The first step in sustainable wildlife management, therefore, is to decide 

what species, and indeed, what population, one wants to manage. Without this 

decision being made—without a consensus of what single species is most 

important in management, or in what order of priority several species are to be 

managed—a coherent plan for fish or wildlife management cannot be formulated. 

The second step, after species have been prioritized, is to decide the 

management goal or goals for each. Do we want to start new nesting colonies of 

snow geese in Alaska? Do we want to expand the geographical distribution of 

muskoxen? Do we want to increase the harvestable surplus of arctic cisco while 

maintaining consistent population size from year to year? Unless the management 

goal for each population is clear, effective management cannot proceed. 

The third step—once species have been prioritized and management goals 

established or, in other words, once the stakeholders with interests in a particular 

region or in a particular suite of fish and wildlife species have made clear what 

they want—is to determine what factors of productivity are likely to be limiting 
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the population of each species to be managed. This requires comprehensive 

review of research findings on the question, and, if the answers are not 

forthcoming, field study of the population to be managed. However the answers 

are found, they must be reasonably clear before a management strategy can be 

devised that will achieve the goals established for the species in question. 

The fourth step in effective wildlife management is to determine such a 

strategy: to develop a plan by which the limiting factor or factors are altered in a 

controlled way, just enough to bring about the desired change, or maintain the 

desired stability, in the population. For as Leopold (1933) made clear, a small 

adjustment to the limiting factor can result in a substantial population change. The 

strategy is then implemented, the resulting change measured, and a determination 

made that the management goal has or has not been met. 

In identifying the factor or factors limiting a population, habitat may or 

may not turn out to be important. If habitat is a limiting factor for the population 

in question, it should be managed in the way that is appropriate to meet the 

management goal. If it is not a limiting factor, there is no point in spending time 

and money to manage it in an active way. There may, however, be a point in 

protecting it. Habitat becomes limiting when population density reaches the point 

at which no additional members of the population can be supported because 

space, food, cover, or other requirements have been depleted. As Leopold (1933) 

explained, this saturation point will vary for the same species from one 

geographical location to another, depending on the properties of the range. The 
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maximum density of a species that a given area of range can support for a defined 

period, usually one year, is its "carrying capacity." 

Carrying capacity is a property of both range and species: different ranges 

have different carrying capacities for the same species, and the same range has 

different carrying capacities for different species. Consequently, carrying capacity 

has to defined in terms of a particular range and population. If the population is 

near the carrying capacity of its range, habitat availability is about to become the 

population-limiting factor. Under this condition, a small reduction in habitat will 

prevent the population from growing further or may reduce the population size. If 

the population exceeds carrying capacity, it will weaken from lack of food and 

become susceptible to mortality factors, and a precipitous decline may result from 

direct mortality or from reduced productivity. It is important, therefore, to know 

whether a population is near the carrying capacity of its range. 

If the management goal is to maintain a large population of animals in 

peak physical condition, the appropriate strategy may be to create more habitat 

while reducing the population size somewhat by intensifying a mortality factor 

such as controlled hunting. This will maintain the population below carrying 

capacity while sustaining abundance. If additional habitat cannot be made 

available, then the available range can be protected from being reduced while the 

population is maintained below carrying capacity by controlled hunting. 

Habitat protection, therefore, has a legitimate place in fish and wildlife 

management: it comes into play when biological population nears carrying 

capacity and is limited, or almost limited, by remaining available habitat. This can 
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happen in either of two ways. First, the population may not be subject to the usual 

mortality factors—perhaps because predators have been removed or hunting 

banned—and may continue to grow until it reaches carrying capacity. Second, 

habitat may be removed to the point that it becomes the limiting factor. In other 

words, the range's carrying capacity may be reduced down to the point at which it 

meets the population. 

It is the fish or wildlife manager’s job to determine whether habitat 

protection is appropriate to meet the management goals for the species of concern; 

and obviously, the species must already have been prioritized and management 

goals established before the manager can do this. The active management or 

protection of habitat is biologically defensible in cases where habitat is, or is 

about to become, the limiting factor acting on the population of concern. If a 

population is being maintained well below carrying capacity, because the 

population is being limited by some other factor such as predation, and if the 

subject population has already attained desirable size, there is no biological reason 

to concentrate management effort on habitat protection. When habitat protection 

is proposed in such a case, therefore, the rationale may be non-biological: for 

example, the preservation of wilderness values, which at bottom may be aesthetic 

in character. 

As noted above, sustainable fish and wildlife management must begin 

with a decision as to which species require management, and in what order of 

priority. Priority is important because adjusting a factor which limits one species 

may influence the population characteristics of other species. It is important, 
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therefore, to identify and prioritize the species to be managed, determine the 

management goals(s) for each, and identify the factor(s) limiting each. Then, by 

examining the limiting factors, a strategy can be devised to achieve the maximum 

number of desirable changes to the maximum number of target populations, 

emphasizing the higher-priority species. 

This vision of sustainable fish and wildlife management is essentially an 

institutional model, and the process described above, although it involves science, 

is at bottom a public policy construct. Because there are tradeoffs involved, the 

policy decision has social implications. If the people who will be affected by the 

decision—the stakeholders—are not involved in making the decision, then the  

result will not be acceptable over the long term. In other words, the policy will not 

be sustainable. 

Sustainable Development 

In contrast to the well operationalized variants on sustainability discussed 

above—the sustainable yield of renewable resources and sustainable fish and 

wildlife management, all based on a long history of empirical application—there 

is little agreement in the literature regarding the meaning and practice of 

sustainable development, particularly with respect to non-renewable resources 

and to economic and social dimensions beyond environmental conservation. This 

section of the dissertation reviews broad areas of the sustainable development 

literature with the goal of producing a synthesis that sets the stage for introducing 
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a predictive tool, a new and practical approach to cumulative effects assessment, 

described later. 

Almost all reviews of the origins of the sustainable development idea 

begin with Our Common Future, the report of the World Commission on 

Environment and Development (WCED 1987), widely known as the Brundtland 

Commission after its chair, Prime Minister Gro Harlem Brundtland of Norway. 

The Brundtland Report provided what is still the most frequently cited definition 

of sustainable development: “progress that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” (p. 43). If 

there is any claim of a central organizing principle for sustainable development, 

this appears to be the best candidate, because it is explicitly based on the 

distinctively temporal criterion of intergenerational equity. According to Herman 

Daly, however, the agreeable vagueness of the Brundtland Report’s definition has 

led to discord: 

While not vacuous by any means, this definition was sufficiently vague to 
allow for a broad consensus. Probably that was a good political strategy at 
the time—a consensus on a vague concept was better than disagreement 
over a sharply defined one. By 1995, however, this initial vagueness is no 
longer a basis for consensus, but a breeding ground for disagreement. 
Acceptance of a largely undefined term sets the stage for a situation where 
whoever can pin his or her definition to the term will automatically win a 
large political battle for influence over our future (Daly 1996, pp. 1-2). 

  Moffatt et al. (2001) suggest that the sustainable development concept 

predated the Brundtland Commission, evolving from earlier concerns about the 

effects of human activities on the environment, i.e., the environmental movement 

of the 1960s, and that the idea was first expressed in an international forum at the 
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Stockholm Conference on the Human Environment in 1972. Daly (1996, p. 2) 

also emphasizes that “the issues addressed by the concept of sustainable 

development existed and were actively discussed long before the term itself 

became customary.” The 1992 Rio de Janeiro Earth Summit is also frequently 

noted as a milestone in the history of the idea. These international forums can be 

seen as repeated attempts to reify the sustainable development concept. Viewed as 

such, their contributions have complicated the picture. For example, the 1972 

Stockholm Conference on the Human Environment first asserted that ethical 

principles must be applied to the sustainability concept, and Moffatt et al. recount 

a steady accumulation of such principles in the literature, culminating with 27 

named at the 1992 Rio Earth Summit. Daly (1996, p. 9) observes that “One way 

to render any concept innocuous is to expand its meaning to include everything.”  

Harris and Goodwin (2001), in an overview that attempts to find both 

discrimination and common ground within the field, discern three essential 

components of sustainable development: economic, environmental, and social. 

Implicit in the social dimension is a strong ethical subcomponent22 that they 

define in terms of “fairness in distribution and opportunity, adequate provision of 

social services, including health and education, gender equity, and political 

accountability and participation.” Harris and Goodwin point out that “these three 

elements of sustainability introduce many potential complications to the original, 

simple definition of economic development. The goals expressed are 

                                                 
22 This ethical dimension is reflected in the environmental justice component of current 
environmental impact assessment practice under NEPA. 
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multidimensional, raising the issue of how to balance objectives and how to judge 

success or failure” (p. xxix). As a consequence, the sustainable development 

concept is so broad and amorphous that it is difficult to translate into practical 

terms that can lead to implementation. 

The lack of clearly defined concepts communicated in simple language 

adds to the problem. Maser and Kirk, for example, offer this definition of 

sustainable development: 

[W]e perceive sustainable development as a nonlinear process of systems 
thinking through which the social significance of nonmaterial wealth and 
qualitative values can be accounted for in social decision making (Maser 
and Kirk 1996b, p. 157). 

Amartya Sen comments that the sustainable development literature is 

“murky” and notes that readers are left in the quandary of “how to deal with what 

may or may not be an embarrassment of riches but certainly is an embarrassment 

of some sort as a prelude to action.”23 He identifies the various disciplinary 

dimensions of sustainable development as having such a wide diversity of 

contexts, assumptions, and variables that consolidation and synthesis become 

problematic: 

This problem of diversity is endemic in the field. A great deal of the 
environmental literature has focused in recent years on the task of 
sustainability, but there have been several distinct characterizations of 
what it is to be sustained. As a result, the implications of sustainability 
have emerged in very diverse lights in different parts of the literature. To 
take another source of contrast, the choice [of] variables on which 
environmentalists concentrate as instruments of conservation can vary 
greatly depending on the focus of the discipline to which the analysts 

                                                 
23 Sen makes this observation in the Foreword to A Survey of Sustainable Development: Social 
and Economic Dimensions, a comprehensive review of the field (Harris et al. 2001, p. xxii). 
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themselves belong or with which they are most familiar. Economists often 
have quite a different focus on policy variables (concentrating on markets, 
prices, taxes, property rights, etc.) than what anthropologists choose to 
discuss (such as values, perceptions, cultures, etc.). Similarly, natural 
scientists frequently take a somewhat different route (focusing on 
scientific possibilities or technical variations) from what social scientists 
end up discussing. There are many discipline-related contrasts of approach 
that supplement the diversities related to basic ethics and valuational 
priorities (Sen 2001, p. xxii). 

Within the disarray observed by Sen, however, two distinct and parallel 

strands24 of progression can be discerned in the sustainable development 

literature. The first attempts to synthesize the disparate broad components noted 

by Harris and Goodwin—typically environmental, economic, social, and 

ethical—into a new paradigm that has not yet emerged with clear definition, but 

that focuses on the normative concept that society has a moral imperative to limit 

the consumption of existing capital, both natural and manmade, so that it will 

remain available to benefit future human and non-human generations. For want of 

a better, pre-existing label, I will call this the intergenerational equity strand. In 

contrast, the second, human development strand applies economics-based models 

and financial investments to developing countries, focusing on improving quality 

of life in the present through economic and institutional means, with the implicit 

assumption that this will also improve the lives of future generations.  

I will argue that these two strands are not sequential stages or steps in the 

evolution of sustainable development theory, but instead represent two distinct 

                                                 
24 Strand may not be the most felicitous term to describe these two elements, as it implies thinness 
rather than thickness and complexity. They are not separate fields, however, nor separate areas of 
research Rather, as will be suggested later, they are distinct but related research programs as 
defined by Lakatos (1978), the first “immature” and the second “mature” or, at least, maturing. 



and largely separate ways of thinking about the subject that exist in the literature 

contemporaneously, and that offer substantially different levels of potential for 

operationalizing and implementing sustainability in the world. Because they are 

driven by the same normative goal, however—to improve the quality of life for 

present and future generations of stakeholders—I perceive a strong potential for 

the strands to merge in the future. Or stated more precisely, there is a likelihood 

that the second strand will eventually capture the first and give it greater 

definition while, at the same time, becoming enriched by it. From the literature, 

one can discern this ongoing process, and envision the future outcome, but that 

outcome is still some distance away. 

THE INTERGENERATIONAL EQUITY STRAND  

The intergenerational equity strand of the sustainable development 

literature is a vast and diverse assemblage of environmental and social disciplines, 

altruistically oriented toward an ethical concern for limiting the consumption of 

natural resources to preserve environmental quality and values for the benefit of 

future generations. As discussed further below, gaps evident in this part of the 

sustainable development literature indicate inadequate development in three key 

areas: (1) lack of consensus on a theoretical foundation; (2) lack of practical 

methods for implementation, including predictive tools and metrics for measuring 

results in terms of degree of sustainability, and (3) the need to move away from a 

normative, agenda-laden, self-limiting context into a more positive, empirical, and 

open-ended dimension. Particularly lacking in this sector of the literature are 

papers on the second deficiency—operationalizing, predicting, and measuring 
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sustainable development—although there are recent efforts in these directions, as 

indicated later in this discussion. 

As long ago as 1972, Meadows et al., in The Limits to Growth, applied the 

systems approach then in vogue, with its positive and negative feedback loops 

(e.g., Easton 1965), to develop an interdisciplinary model with such components 

as the human population, capital, natural resources, agriculture, and 

environmental contaminants, all interacting to influence the total system. The 

Meadows et al. model could be applied at any level, from the community to 

global society.  

Following The Limits to Growth, Stivers (1976), in one of the first uses of 

the sustainability concept by name, linked sustainability to an ethically grounded 

society and economy. Taking as his central theme the nature of economic growth, 

Stivers argued that economic expansion is necessary, but that to be sustainable, it 

must be selective, and based on three ethical issues: distribution, assigning 

responsibility for mitigating (paying for) negative externalities, and the tension 

between “liberty and coercion,” that is, defining the optimal degree of freedom 

versus regulatory control within which businesses and individuals can operate to 

allow sustainable growth. 

Shortly thereafter, Rowe et al. (1978) integrated a range of diverse 

environmental management goals into a view that might be considered a 

framework for defining sustainable development. These topics included the social 

demand for environmental quality and the need to optimize costs and benefits, 

practical application of the carrying capacity concept to environmental 
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management, resolving conflicts between regional planning goals and private 

property rights, environmental legislation as an enabler of environmental 

improvement at various jurisdictional levels, shapers of local response to national 

legislation, environmental performance standards and impact assessment, adding 

social and economic impact assessment to the physical and biological dimensions, 

and the role of local government in regional planning. Without mentioning the 

concept of sustainable development, which had not yet come into use, the 

discussions of Rowe et al. clearly indicate that many of the component concepts 

were already synthesized by the late 1970s. Similar conclusions are evident, on a 

broader scale of application and in the context of examining the ideological 

implications of the environmental movement, in Sandbach’s Environment, 

Ideology, and Policy (1980). 

During the next two decades, a strong communitarian theme emerged. 

Etzioni (1988) wrote of a new “I & We” paradigm with economic, ethical, and 

social dimensions replacing “the old neoclassical paradigm,” which he described 

as “utilitarian, rationalist, and individualist.” Etzioni’s new paradigm made the 

core assumptions “that individuals act within a social context, that this context is 

not reducible to individual acts, and, most significantly, that the social context is 

not necessarily or wholly imposed. Instead, the social context is, to a significant 

extent, perceived as a legitimate and integral part of one’s existence, a We, a 

whole of which the individuals are constituent elements.” 

In other words, Etzioni’s attempt at a new communitarian paradigm 

posited that the individual exists in a continuum between the self and society, that 
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the social context is an integral part of the individual’s makeup, and that there is 

partial overlap between the I and the We. Barry (1989), quoted by Harrison (2000, 

p. 57), restated this idea: “individuality, so far from being the focal point of 

political values, is only intelligible within the framework of an established 

community, which cannot be the product of choice.”   

For Etzioni (1992, p. 49), goals and choices could be defined along three 

axes that were essentially economic, ethical, and social: “the assumptions about 

the goals people pursue, the ways they pursue them (the means-selection) and the 

characterization of the acting unit—is it a solitary person or a person embedded in 

a community?” Here, the ethical component received stronger emphasis than the 

environmental component identified by Harris and Goodwin (2001), without 

necessarily replacing it, for Etzioni (1992) saw conservation of energy and natural 

resources, along with other reductions in consumption and increases in savings, as 

policy implications of the new paradigm. The conservation ethic can thus be 

viewed as a bridge between communitarian thought and the environmental 

dimension of sustainable development theory, as in the Rural Environmental 

Planning (REP) model proposed by Sargent at el. (1991). But communitarian 

ideas have influenced recent trends in sustainable development even more 

strongly, and more directly, through the sustainable communities movement. 

The sustainable communities movement emphasizes conflict resolution, 

communitarian ideas, and local planning as opposed to a reliance on market 

forces in community development. Sustainable community development is not 

seen as requiring adherence to a set of objective principles, but as a flexible and 
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adaptive process based on local consensus regarding local needs (Maser et al. 

1998). There are two key ideas here. The first is that if, as asserted by Etzioni, 

every individual’s identity is formed at least in part by the community, and is to 

some degree embedded in and inseparable from the community, then the needs of 

the individual must, to some extent, coincide with the needs of the community. A 

somewhat utilitarian second point follows from the first: a community-based 

approach is likely to yield the sustainable solution of greatest utility, because the 

community represents the overlapping needs of individuals. In other words, the 

most useful and beneficial solution is likely to arise from a participatory, 

consensus-based process in which the needs of individuals overlap as much as 

possible: a common ground. 

Maser and Kirk (1996a) believe this common ground is best defined by 

the local community as opposed to larger social contexts, because at the local 

level, individuals have a common attachment to a specific place, share social 

interactions directly, and have the potential to influence the future direction of the 

community through direct and sustained participation. With increasing 

detachment from the local level, these attachments, interactions, and influences 

become increasingly attenuated and abstract. Accordingly, Maser and Kirk 

(1996b) argue that “Sustainable development must be implemented where people 

are able to learn, feel, and be empowered to act—at the local level (p. 166).” They 

regard the sustainable communities concept is a populist movement, because 

“Given their own tools, local communities are more effective in defining and 

meeting their own needs, at lower costs, than are any government or private 
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service providers, and so begins a populist movement” (Maser and Kirk 1996a, p. 

175). 

As a point of discrimination, it is important to note that the idea of 

sustainable community development occurs elsewhere, in a distinctly different 

context, within the sustainable development literature. This second instance is 

community-oriented, but not communitarian, and is part of the human 

development strand of the literature, discussed later. Sustainable community 

development in this second context—the application of human development 

principles to local settings—includes examples such as rural land reform in post-

Soviet Russia (O’Brien and Wegren 2002), community-based natural resource 

management in African villages (Veit et al. 1998), and local sustainability 

strategies for arctic communities (Heininen and Katermaa 1993). Although these 

and other examples of sustainable community programs from the human 

development strand do not arise from communitarian roots, they nevertheless 

share some ideas in common, particularly with respect to stakeholder 

participation, again discussed later in this dissertation. 

In addition to the communitarian sector of the literature, the 

intergenerational equity strand includes a great diversity of other perspectives that 

emphasize in various proportions the economic, environmental, and socio-ethical 

dimensions identified by Harris and Goodwin. Many of these papers are strongly 

normative, oriented toward western industrial democracies, and argue that some 

degree of political change will be necessary before sustainable development, and 

especially sustainable societies, can be achieved. For example, Buell and DeLuca 
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(1996) discuss sustainability in the United States in a socioeconomic context that 

emphasizes the individual’s role in society and the workplace. They argue that 

feasible solutions for sustainability must accommodate individual diversity, 

including a broad range of social actors from political activists and committed 

workers to those who are apathetic or place greatest emphasis on recreational 

pursuits. All are legitimate, they contend, and must be accommodated: 

sustainability is, in their view, an equity issue dependent on the centrality of 

democratic politics, with concomitant “action by informed and organized 

citizens” (p. 144). They also point out, quite refreshingly, that realism about the 

capacity of people to participate is needed in developing an approach to 

sustainability that is based on participation: 

Market economies and representative polities, which do play a role in 
nurturing individuality, do not maintain themselves automatically. Indeed, 
without active political participation in revising and sustaining—and 
gaining consent for—their values, they can destroy the very conditions of 
their viability. And willingness to act politically is a crucial defense 
against political regimes imposing onerous burdens on us. Still, we worry 
about the degree of political involvement the program we advance asks of 
people (Buell and DeLuca 1996, p. 144). 

Buell and DeLuca propose five principles of sustainability that would 

require varying degrees of political accommodation: 

First, an efficient, productive, equitable economy and a national 
commitment to corporations that seriously engage in sustainable 
development is necessary. Second, a political system that encourages all 
citizens to participate in the public sphere and that allows them real input 
into deliberations such as these, is needed. Third, a culture committed to 
enhancing quality of life is vital. Fourth, an economic and political system, 
and culture, committed to making ecological sustainability an item within 
the range of choices available to all persons, must exist. Fifth, all nations 
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that make serious efforts to subscribe to the above four principles should 
be our primary partners in free-trade agreements (Buell and DeLuca 1996, 
p. 104). 

With such sweeping preconditions, sustainability becomes essentially a 

utopian ideal, far removed from the political realities of the world and with little 

hope of implementation in the foreseeable future. Similarly, Pye-Smith and 

Feyerabend (1995) note that their recommendations for achieving sustainability 

require, against the existing global political tide, decentralizing control over 

natural resources; strengthening (and changing) local institutions for resource 

management; organizing local social actors, much like labor union organizers, to 

facilitate broader public participation in development planning and resource 

management; and creating regulated markets with incentives for small-business 

creation. They conclude that “It would be naïve to disregard the fact that a process 

by which communities acquire control over local resources, organize themselves 

in management institutions, strengthen their capabilities, enter into a variety of 

partnerships and gain full access to regulated markets, has fundamental political 

implications. Yet, this is not a political treatise. We gladly leave to others the task 

of articulating a coherent political message based on primary environmental 

care—if any can be” (p. 308). 

Pye-Smith and Feyerabend illustrate the gap between premise and 

application that typifies much of the intergenerational equity strand of the 

sustainable development literature. As previously noted, there are weaknesses in 

three areas: (1) lack of consensus on a theoretical foundation; (2) few practical, 

widely adopted methods for implementation, including insufficient predictive 
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tools and a lack of standardized metrics for measuring results in terms of degree 

of sustainability, and (3) a normative and self-limiting context rather than an 

empirical process that is relatively free of ideological encumbrance. In the 

following discussion, we will see that critics of the intergenerational equity 

literature have noted weaknesses in all three areas, and that supporters have 

attempted to unify and rationalize the field by responding to these concerns.  

Lack of Consensus on a Theoretical Foundation 

A prominent critic, Wilfred Beckerman (2002), in a phrase even more 

blunt than Sen’s previously noted characterization of the field as “murky” and “an 

embarrassment,” refers to “the pathetically muddled principles of sustainable 

development” (p. 76). Beckerman’s critique focuses on two main points: first, the 

lack of a clear definition of sustainable development as a concept or theory, and 

second, his perception that no substantive argument has been advanced for an 

ethical foundation to the principle of intergenerational equity. These two points 

are inseparably linked, Beckerman argues, because intergenerational equity is the 

common element in definitions of sustainable development within this strand, and 

the ethical imperative assumed to support intergenerational equity provides the 

impetus for the popularity of sustainable development as a public policy goal. 

Referring to the core concept of intergenerational equity put forward by 

the Brundtland Report (WCED 1987), Beckerman questions its utility as a 

criterion for decision making in public policy, arguing that not every need of the 

present generation is being met; that members of the present generation are 

diversified by nationality, ethnic group, gender, age, income, etc, and differ with 
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regard to the importance they attach to various needs; that future generations are 

likely to do so as well; and that the present generation has no substantive basis for 

predicting what the needs and desires of future generations will be. “The term 

needs”, Beckerman emphasizes, does not stand for some objective, homogeneous, 

and indivisible entity” (pp. 1-2). Therefore, the intergenerational equity concept 

offers no substantive guidance with respect to priorities, trade-offs, or optimal 

consumption rates, he concludes, and is essentially neutralized by our lack of 

ability to predict the needs of future generations. 

A symptom of these fundamental problems, Beckerman argues, is the shift 

that has occurred in the literature from earlier strong definitions of sustainable 

development to more recent weak definitions. This definitional shift permits the 

introduction of economics-based arguments that allow the substitutability of one 

form of capital for another. As noted by Harrison (2000), the original strong 

conceptions of sustainable development made natural capital (non-renewable 

resources) sacrosanct, whereas in weak conceptions, natural capital can be 

replaced or substituted by human or manufactured (physical) capital.25 
                                                 

25 Economics-oriented treatments of sustainable development within the intergenerational equity 
strand rely extensively on different types of capital and their substitutability. Costanza and Daly 
(1992) distinguish three forms of capital—natural, manufactured, and human—and staunchly 
defend the unique character of natural capital, arguing that there are strict practical limits to the 
feasibility of substituting manufactured and human capital in place of natural capital. Harris 
(2001) acknowledges these types of capital and adds a fourth: social. Wise (2001, p. 55) notes that 
“social capital generally refers to the ways in which economic actors interact and organize 
themselves, magnifying the production resulting from the combination of the three more widely 
accepted forms of capital: physical, natural, and human.” In their study of civic traditions in 
modern Italy, Putnam, Leonardi, and Nanetti (1993, p. 167) develop the concept of social capital 
in detail, defining it as “features of social organization, such as trust, norms, and networks, that 
can improve the efficiency of society by facilitating coordinated actions.”  They recognize Loury 
(1977) as introducing the concept. 
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The strong definitions, in Beckerman’s view, were based on absolutist 

conceptions of sustainable development focusing on natural resource 

preservation, particularly on the idea that human capital—anything from factories, 

hospitals, schools, housing to works of art—could not be substituted as a trade-off 

for natural resources. This applied particularly to non-renewable resources such as 

minerals and petroleum, but also to resources noteworthy for non-monetary 

aesthetic or recreational values, from wilderness tracts to urban parks.  In contrast, 

the more recent weak approach, Beckerman observes, “allows for some natural 

resources to be run down as long as adequate compensation is provided by 

increases in other resources, perhaps even in the form of man-made capital,” and 

“the acceptability of the substitution is to be judged by its contribution to 

sustaining human welfare” (pp. 2-3). 

This relaxation of the original strong conception of sustainable 

development, Beckerman argues, is a capitulation necessitated by the sheer 

infeasibility of the strong approach and intended to save sustainable development 

from an otherwise inevitable demise. This step, however, still manages to destroy 

the concept, because by allowing substitutability of man-made capital for natural 

capital, it removes the essential distinguishing element of intergenerational equity, 

placing sustainable development squarely within the confines of orthodox 

economics and making it indistinguishable from classical welfare maximization.     

An attempt by Field to translate sustainable development fully into the 

language and context of conventional economics provides an apt illustration of 

this point. He argues that the two primary criteria for evaluating economic 
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performance are efficiency and sustainability. He distinguishes three kinds of 

capital—natural resource capital, produced capital, and human capital— and 

applies these to the sustainable use of non-renewable natural resources: 

Sustainability in a broader sense now becomes the following: Use of a 
non-renewable natural resource is sustainable if the value of the resource 
used up is matched by capital investments of equal value in other natural 
resources or in productive nonresource [i.e., produced or human] capital 
(Field 2001, p. 84). 

In Field’s context, produced capital is equivalent to the conventional 

definition of financial investment in land, physical infrastructure, and equipment, 

whereas human capital refers to “the human capacities and capabilities that 

usually result from experience, training, and education.” 

There are two problems immediately apparent in Field’s definition. First, 

even if the depletion of a non-renewable resource is matched (or exceeded) by 

capital investments elsewhere, including worthy investments in human capital, 

they would not necessarily account for, or compensate for, unique or 

unquantifiable value lost through the depletion (as in, for example, the loss of a 

culture or language, extinction of a species, or removal of an old-growth 

rainforest). And second, Field proposes no means, other than user cost, to measure 

the lost value: 

To think about this, we can go back to the concept of user cost. User cost 
is a measure of the present value of future net benefits sacrificed as a 
result of today’s extraction. If compensating investment can be made 
sufficient to offset the user costs of a nonrenewable resource extraction, 
sustainability will be attained despite the gradual drawing down of the 
resource (Field 2001, p. 84). 
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The quintessential weak definition, this approach etiolates sustainability to 

such an extreme extent that the central, defining concept—intergenerational 

equity—is all but lost, dispensing with both baby and bathwater. All that can be 

concluded is that a proposed development will be sustainable if the affected 

parties (stakeholders) agree on the compensation cost. If they do not agree on the 

cost, or if they conclude that compensation is not feasible, then the development 

will not be sustainable. The attempt to reify the abstraction of sustainable 

development into the conventional language of economics provides a facile 

shortcut that bypasses all of attempts of the Stockholm Conference, the 

Brundtland Commission, the Rio Earth Summit, and the massive literature of this 

strand to grapple with the issue of intergenerational equity. And Beckerman’s 

point—that the concept of sustainable development has no substantive basis that 

sets it apart as a paradigm distinct from conventional welfare maximization—is 

made.  

 This problem of reification gets to the heart of the difficulty in devising 

practical ways to implement, predict, and measure sustainability. If the abstract 

concept cannot be translated into something that can be quantitatively measured 

or qualitatively described, compared, and evaluated, then it cannot serve as a 

practicable basis for setting policy objectives, obtaining funds, planning 

implementation strategies, and formulating budgets and schedules. 

In leaving this discussion of theory, therefore, it is important to recognize 

that attempting to translate sustainable development into the conventional 

language of economics, dressing the invisible man in clothes that provide 
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visibility and thereby imply substance, is not the same as starting with economic 

theory and developing implementation methods and measures to help achieve 

sustainability goals. This is a major distinction between the intergenerational 

equity and human development strands of the literature.  

Implementation Weaknesses 

Attempts to implement sustainable development within the 

intergenerational equity strand of the literature range from large-scale systems to 

small-community and neighborhood programs. Large-scale approaches have been 

attempted in both the public and private sectors. A recent example, perhaps the 

only recent example, of a large-scale public-sector approach in the United States 

was the President’s Council on Sustainable Development (PCSD), which was 

established by President Clinton in Executive Order No. 12852 on June 29, 1993 

and ended with the Clinton Administration, serving in an advisory capacity under 

provisions of the Federal Advisory Committee Act (5 U.S.C. App.). Reflecting 

the dimensions identified by Harris and Goodwin (2001), the PCSD and its task 

forces produced a series of reports that evaluated and endorsed innovative and 

often entrepreneurial approaches as  ways to enhance “social equity, ecological 

integrity, and economic prosperity” in the United States (PCSD 1995). Explicitly 

included in the PCSD’s mission was a requirement to demonstrate the 

implementation of sustainable development policy: 

(b) Demonstrating Implementation of Policy. The Council shall work 
with diverse interests to encourage and demonstrate implementation of 
sustainable development in real world settings. It should report on 
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successes and recommend strategies to replicate those successful projects 
throughout the United States (PCSD 1997a). 

The PCSD established an Interagency Working Group with three task 

forces to facilitate implementation, and a series of reports was released, focusing 

on sustainability in various topics such as entrepreneurial enterprise, including 

automobile and chemical manufacturing, the lithographic printing industry, and 

industrial park design (PCSD 1996a); energy and transportation (PCSD 1996b); 

increasing public awareness about sustainable development (1997b); sustainable 

agriculture (1997c); and sustainable communities (PCSD 1998). By the later part 

of the PCSD’s tenure, its mission emphasized four areas: greenhouse gas 

reduction, environmental management systems using models such as ISO 4001, 

federal programs to facilitate sustainable communities, and policies to foster U.S. 

leadership in international sustainable development programs (PCSD 1999), the 

latter a link to the human development strand of the literature, discussed below.    

Although PSCD publications promoted sustainable development as an 

achievable national goal for which a consensus was emerging (PCSD 1996c, 

1997d), this vision did not readily translate into implementation, although existing 

demonstration projects, such as the U.S. Environmental Protection Agency’s 

(EPA’s) Clean Air Brownfields Partnership Pilot and the Urban Heat Island 

Reduction Initiative, were identified as examples. The lack of substantive 

accomplishment in terms of real-world implementation was not surprising, 

considering the PSCD’s short lifetime, the fact that it functioned at a very high 

policy level, its purely advisory role, and its limited budget. There was, however, 

a deeper problem: the PCSD did not define sustainable development, but merely 
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used the term to denote a loose collection of future-oriented goals and 

technologies that, taken together, could improve the quality of life. As a 

consequence, virtually any politically desirable goal could be considered a 

component of sustainable development. 

Beckerman (2002, p. 4-5) argues that with its promotion of broad goals 

such as “increased per capita income and employment, decreased violent crime, 

decreased traffic congestion, and a host of other worthy objectives,” the PCSD 

used the term sustainable development as a slogan “to provide a blanket 

justification for almost any policy designed to promote almost any ingredient of 

human welfare.” This hodgepodge, he argues, stood in lieu of “an intellectually 

coherent and operational definition.” Beckerman’s point is that without such a 

definition—one that places Lakatosian boundaries around a core concept—there 

is nothing substantive to predict or measure, and implementation becomes 

problematic. Thus the PCSD provides a prominent example of the implementation 

weaknesses inherent in the intergenerational equity strand. 

In general, implementation within the intergenerational equity literature 

relates to the promotion of technologies that, as discussed previously, facilitate 

the substitution of renewable resources for non-renewable ones (e.g., solar and 

wind power replacing fossil fuels), reductions in environmental contaminants 

(e.g., retrofitting scrubbers onto coal-fired power plants to reduce harmful 

emissions), or decreases in consumption rates of natural resources (e.g., 

recycling). This is the nature of the intergenerational equity strand—an emphasis 

on new technologies and consensus-building to achieve desirable goals—and the 
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PCSD, in identifying opportunities for implementing sustainable development, 

had little choice but to follow the pre-existing pattern as reflected in the literature. 

Normative and Self-Limiting Context 

The third weakness evident in the literature of the intergenerational equity 

strand relates to the question of whether future generations have rights. I do not 

explore the question here, except to note that this strand of the sustainable 

development literature is built on the normative and self-limiting premise that 

future generations do have rights and that to protect those rights, constraints must 

be placed on the per capita welfare of present generations. The success of real-

world institutions and programs built on this normative premise will depend on its 

broad and voluntary acceptance. 

I see two problems, therefore: one theoretical, and one practical.26 From 

the standpoint of theory, the idea that future generations have at minimum the 

same rights that we in the present do is the foundation, stated explicitly in the 

Brundtland Report (WCED 1987), upon which the intergenerational equity 

literature is built. If future generations do have at least the same rights that we do, 

then the normative leap to ensuring that those rights are respected should be no 

different from our willingness to respect the rights of our contemporaries. 

Although I consider an exposition of this question to be beyond the scope of this 

dissertation, the issue must not be overlooked, because critics of the 

intergenerational equity concept question this core assumption. Beckerman, for 

example argues: 
                                                 
26 By practical, I mean “relating to application,” not “useful.” 
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It seems doubtful that a future generation can have a right to a level of 
welfare at least as high as the previous generation. Certainly no individual 
can be said to have such a right. Does every son have a right to at least as 
high a level of welfare as the father? And if this is nonsense on an 
individual level, it is difficult to see how aggregating the wealth of all 
parents and all children suddenly makes the right sensible (Beckerman 
2002, p. 67). 

If the intergenerational equity stance is weakened somewhat, for example, 

by stating that even if future generations do not have rights as defined in a legally 

rigorous and binding way, we have a moral obligation toward fairness to those 

who will come, the argument remains intact, although perhaps less persuasive. 

The problem is that the matter is left unresolved in the literature, resulting in the 

absence of a compelling reason voluntarily to follow the self-limiting normative 

imperative of the intergenerational equity strand. To develop a strong 

justification for the normative agenda of intergenerational equity, more attention 

is needed in the literature to settle the issue of intergenerational rights. A 

compelling argument, asserted in simple language and widely cited, is needed to 

serve as the basis for voluntarily limiting our present consumption of resources.  

As discussed previously, attempts to accomplish this through economic 

models, for example, Field’s (2001) user cost model discussed above, have not 

fulfilled this need. This and other shifts in the literature from “strong” definitions 

of sustainable development to “weak” definitions, discussed previously, suggest 

that accommodation is being made to the lack of a strong theoretical core. Later, I 

will return to this point briefly in the context of Lakatosian research programs. 

The second weakness in the intergenerational equity strand is practical but 

follows from the theoretical argument above: the lack of a compelling argument 
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for limiting consumption—that is, not pursuing conventional welfare 

maximization—has the potential to impede the wide application of this principle 

in the private sector. In the United States and many other nations, this has not 

been a problem in the public sector, although the ethic is politically controversial 

in places, as the “range wars”  over private uses of public lands in the western 

United States demonstrate. 

As Johnson and Duchin (2000) point out, the concept of common property 

is a means to ensure that open-access resources—what Garrett Hardin (1968) so 

influentially referred to as the Commons—are protected from overexploitation. 

By establishing institutions for managing activities that affect open-access 

resources, society protects its physical assets for the benefit of all: an essentially 

Utilitarian solution. In effect, the intergenerational equity concept takes the 

common property model and extends it to a new dimension: time.  

This is not a startling or untried idea; to the contrary, it has been well 

tested. In the United States, for example, the Department of the Interior is a 

common property institution, as are the national parks, national forests, wildlife 

refuges, and wilderness units managed by its various agencies, such as the 

National Park Service, National Forest Service, U.S. Fish and Wildlife Service, 

and U.S. Bureau of Land Management. These institutions manage and protect 

public property from overexploitation so that their resources, including intangible 

esthetic values, will be as available to future generations as they are to ours. And 

it can be argued that they represent a widely accepted and largely uncontroversial 

public policy solution. 
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In the private sector, however, the intergenerational equity model does not 

fare as well. The movement toward freely trading market-based economies 

throughout the world, or globalization, does not follow the principle of limiting 

consumption to conserve resources for future generations. Oil and natural  gas 

exploration and production, for example, are structured upon, and motivated by, 

market prices (Tussing and Tippee 1995). The implication is that the 

intergenerational equity model may succeed in the public sector, where some land 

and resources are common property and access and use are subject to regulation, 

but might be less likely to become widely accepted in the private sector, where 

market economics define the parameters of success and failure.  

Consequently, the need for a “new paradigm,” requiring a departure from 

the ways in which businesses are presently accustomed to operating, is frequently 

discussed in the intergenerational equity literature. Harris and Goodwin, for 

example, explicitly identify the economic, environmental, and socio-ethical 

perspectives as indispensable, linked, but separate elements in constructing a new 

paradigm with a distinctly normative tone:  

Drawing on economic, ecological, and social perspectives, we can identify 
some of the main themes that are integral to the construction of a new 
paradigm: 

The original idea of development was based on a progression from 
traditional to modern mass-consumption society. Within this framework, a 
tension has developed between the promotion of economic growth and the 
equitable provision of basic needs. Development as it has proceeded over 
the last half-century [i.e., 1950-2000] has remained inequitable. 

The conservation of ecosystems and natural resources is essential for 
sustaining economic production and intergenerational equity. From an 
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ecological perspective, both human population and total resource demand 
must be limited in scale, and the integrity of ecosystems and diversity of 
species must be maintained. Market mechanisms often do not operate 
effectively to conserve this natural capital, but tend to deplete and degrade 
it. 

Social equity, the fulfillment of basic health and educational needs, and 
participatory democracy are crucial elements of development, and are 
interrelated with environmental sustainability (Harris and Goodwin 2001, 
p. xxxiii). 

In this view, broad normative goals (“economic growth,” “the equitable 

provision of basic needs,” the “conservation of ecosystems and natural resources,” 

“social equity”) are recognized as essential elements of sustainable development. 

Strong assertions are made that the current state of affairs is inequitable, that 

market mechanisms deplete and degrade natural capital, and that a wide spectrum 

of desired goals, from social equity through participatory democracy, are 

interrelated with the environmental component of sustainability. 

The new paradigm envisaged by Harris and Goodwin has not, however, 

developed to the point at which the goals of, and interrelationships among, the 

various component elements have been fully elucidated and thus made self-

evident to the point that they compel a sea change in the private sector. There is 

little progress from the poorly consolidated theoretical structure observed by Sen 

and discussed above. If a paradigm shift is needed to broaden the acceptability of 

the intergenerational equity model, a compelling reason to must still be 

demonstrated. If the paradigm is shifting in this strand of sustainable development 

theory, it is not doing so in a Kuhnian (1962) way but in a halting and exploratory 

manner. 
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Still, though they have not yet coalesced, some of the necessary elements 

are there. Toward the end of their review of sustainability, for example, Harris 

and Goodwin (2001) explain: “It means that in our choice of goods and 

technologies we must be oriented to the requirements of ecosystem integrity and 

species diversity. It also implies that the apparent independence of economics 

from biophysical science [in this context, meaning the physical and biological 

sciences] is a luxury we can no longer afford.” Further, they assert that “Although 

under some conditions markets may excel at achieving economic efficiency, they 

are often counterproductive in terms of sustainability. Guided markets may often 

be useful tools for achieving specific environmental goals….” Finally, they say 

that “it is the social and institutional processes of setting social and environmental 

goals and norms that must guide sustainable development policy” [p. xxxiv].  

From here, one can argue that it would take only a small step to distill this 

view of sustainable development into three components in which (1) society sets 

the goals for economic development and (2) establishes institutions to guide 

market mechanisms and technology so that (3) ecosystem integrity and social 

equity are assured. The essential fourth component is the time-related one: to 

extract and consume natural resources, and use them to produce goods and 

services, in ways that perpetually maintain a high standard of living for everyone. 

In the end, though, these elements are not enough. Without the means to 

make the vision operational, it remains wishful thinking: a visualized ideal of the 

way things should be. Missing are explicitly defined processes and tools for 

implementing the vision, predicting the results of alternative proposed actions, 
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and measuring outcomes in ways that can be used to correct and refine the 

implementation processes. More work is needed in this strand of the literature, at 

both theoretical and practical levels, to eliminate these weaknesses. 

THE HUMAN DEVELOPMENT STRAND  

The second broad component of the sustainable development literature, 

the human development strand, is embedded in economic theory and has been 

substantially operationalized through the efforts of international institutions 

engaged in the economic growth of developing nations. In contrast to the 

intergenerational equity literature, which arose from the environmental movement 

of the 1960s and 1970s in western industrialized societies, the human 

development strand originated in South Asia as a practical attempt to solve severe 

problems of poverty and malnutrition. 

The human development strand has both a cohesive theoretical foundation 

and a compelling record of empirical application through its connection to 

economic development and global markets. The well-developed human 

development literature uses quantitative tools for prediction and measurement that 

are applied across the world through funding by international development 

programs. Because of these strengths, there is a potential for the human 

development strand of the literature to subsume and incorporate the 

intergenerational equity strand, leading to a more nearly unified sustainable 

development literature in the future. Current trends in the literature, reviewed at 

the end of the chapter, support this assertion and suggest that the process may 

already be under way. 
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Work exemplified by three individuals—Amartya Sen, Mahbub ul Haq, 

and Paul Streeten—has motivated the second strand in the literature, which 

actually preceded the birth of sustainable development as an explicit concept (Haq 

1995). Developing along different lines from those described by Harris and 

Goodwin (2001), it grew from an economics-based but also explicitly normative 

approach to development in an attempt to explain the persistence of poverty 

alongside economic growth and to devise strategies for reducing poverty in 

developing (and industrialized) nations (Wise 2001). This path involved the 

merging of two schools of thought—the basic needs approach and the outcomes 

approach—into the human development concept sanctioned by international 

institutions such as the United Nations Development Programme and the World 

Bank. Human development, in turn, is the means by which the disparate 

components of sustainable development can be linked operationally within a 

common economics-oriented framework, providing opportunities for 

implementation, measurement, and prediction. 

The basic needs approach of the 1970s and 1980s argued that the 

conventional concept of economic growth should take into account the needs of 

all members of society, going beyond the efficiency rationale to invest in human 

capital through education, nutrition, health care, and similar programs. Investing 

in human capital, it was argued, would not only improve the lives of individual 

members of society; it would at the same time lead to greater capacity for 

economic growth and returns on economic investment by creating a more capable 

and productive human population (Streeten et al. 1982, Wise 2001). The central 
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normative theme of the basic needs approach, therefore, was that the quality and 

distribution of economic growth should become as important in economic policy 

as the quantum of growth (Haq 1995). In this view, increases in income are an 

essential means, but not the sole purpose, of economic development, which must 

be operationally linked to improvements in the well-being of the stakeholders. 

The theoretical foundation for a shift in emphasis from conventional utility 

measures such as per capita income growth to improved quality-of-life outcomes 

was developed primarily by Sen through the linked concepts27 of functionings and 

capabilities. For Sen (1999, p. 75), functionings are personal imperatives that an 

individual freely chooses to follow unless prevented by circumstances beyond his 

or her control: “the various things a person may value doing or being,” and they 

“may vary from elementary ones, such as being adequately nourished and being 

free from avoidable disease, to very complex activities or personal states, such as 

being able to take part in the life of the community and having self-respect.” 28 

Capabilities are alternative combinations of functionings that are feasible, 

or realistically practicable, for a person to achieve in his or her specific 

circumstances. In this way, capabilities represent personal freedom: “the 
                                                 
27 A clear and well consolidated explanation of these linkages is provided in Sen’s Development 
as Freedom (1999), cited extensively here. 
28 A functioning, for Sen, is a way through which a person can relate to the community and larger 
environment in a way that meets basic needs and furthers self-fulfillment. Functionings are highly 
relative and context-dependent. “For example, being relatively poor in a rich community can 
prevent a person from achieving some elementary ‘functionings’ (such as taking part in the life of 
the community) even though her income, in absolute terms, may be much higher than the level of 
income at which members of poorer communities can function with great ease and success” (Sen 
1999, p. 71). Functionings thus illustrate a weakness in the conventional idea that absolute income 
can serve as the sole or primary index of relative well-being across different communities, 
cultures, or nations, providing a foundational argument for Haq’s derivation of the Human 
Development Index (HDI) discussed below. 
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substantive freedom to achieve alternative functioning combinations (or, less 

formally put, the freedom to achieve various lifestyles” (Sen 1999, p.75).29 

Capabilities can be constrained by the external environment, for example, by the 

type of political system under which a person lives, or by personal limits, for 

example, a physical disability.30 

From his early writings, Sen (1982) argued that measuring, comparing, 

and evaluating individuals or nations in conventional economic terms, that is, 

with respect to the commodity bundles they control, or their primary goods, failed 

to take into account the diversity of human and societal needs that occurs in the 

real world, and the outcomes actually achieved by people. Capabilities, then, 

represent personal freedom: the degree to which individuals can choose outcomes 

that are consistent with their functionings. By measuring capabilities therefore, it 

becomes possible to measure freedom (Sen 1999). 

It is important to note that, for Sen, capabilities are politically charged,  

because the capabilities of people to lead the kinds of lives they value can be 

expanded or constricted by the political system under which they live, and by 

decisionmakers in authority. Therefore, capabilities involve a two-way 

relationship with public policy: “These capabilities can be enhanced by public 

                                                 
29 “For example, an affluent person who fasts may have the same functioning achievement in 
terms of eating or nourishment as a destitute person who is forced to starve, but the first person 
does have a different ‘capability set’ than the second (the first can choose to eat well and be well 
nourished in a way the second cannot)” (Sen 1999, p. 75). 
30 “For example, two persons with identical commodity holdings [called endowments by Sen] may 
have very unequal freedoms to lead the lives they value, because one person may be disabled, or 
prone to some disease, while the other is not similarly disadvantaged. A disabled person with the 
same commodity bundle may be just as rich as another, but still lack the capability to move about 
freely and to achieve other functionings that are affected by that disability” (Sen 2002, p. 519). 
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policy, but also, on the other side, the direction of public policy can be influenced 

by the effective use of participatory capabilities by the public” (Sen 1999, p. 

18).31  

The relationship between functionings and capabilities is central to 

understanding Sen’s approach and its ability to be operationalized. Functionings 

involve a person’s needs and preferences to live in certain ways, whereas 

capabilities comprise the range of alternatives actually available to, and 

achievable by, that individual. This simple distinction makes it practicable to 

devise scales that allow functionings to be measured, compared, and averaged 

within an entire population as defined by gender, age, region, ethnicity, or in any 

other way. Similar operations can be applied to capabilities, allowing comparisons 

to be made between functionings and capabilities and rations established, 

representing gaps between the two. In this way, the gap between averaged 

functionings and averaged capabilities can be measured for an entire nation (or 

city, region, gender, age, occupational category, etc.), and trends in the size of the 

gap can be identified and tracked over time. 

Sen thus established a metric basis for making relational comparisons and 

valuations across cultures and nations beyond simple income measures, an 

important requirement for an operationalized outcomes-based approach to human 

development: 

…The amount or the extent of each functioning enjoyed by a person may 
be represented by a real number, and when this is done, a person’s actual 

                                                 
31 Sen’s point is central to the concept of institutional mobilization, introduced later in this 
discussion. 
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achievement can be seen as a functioning vector. The “capability set” 
would consist of the alternative functioning vectors that she can choose 
from. While the combinations of a person’s functionings reflects her 
actual achievements, the capability set represents the freedom to achieve: 
the alternative functioning combinations from which this person can 
choose. 

The evaluative focus of this “capability approach” can be either on the 
realized functionings (what a person is actually able to do) or on the 
capability set of alternatives she has (her real opportunities). The two give 
different types of information—the former about the things a person does 
and the latter about the things a person is substantively free to do (Sen 
1999, p. 75). 

In parallel with Sen’s establishment of outcomes-based metrics to replace 

conventional income-based measures, Haq, wrestling first with Pakistan’s poverty 

in the 1960s as the chief economist in that nation’s planning commission, and 

subsequently at the World Bank (Streeten 1995), likewise perceived the 

importance of quality of life, along with economic growth, in international 

development: 

The basic purpose of development is to enlarge people’s choices. In 
principle, these choices can be infinite and can change over time. People 
often value achievements that do not show up at all, or not immediately, in 
income or growth figures: greater access to knowledge, better nutrition 
and health services, more secure livelihoods, security against crime and 
physical violence, satisfying leisure hours, political and cultural freedoms 
and a sense of participation in community activities. The objective of 
development is to create an enabling environment for people to enjoy 
long, healthy, and creative lives. 

The defining difference between the economic growth and the human 
development schools is that the first focuses exclusively on the expansion 
of only one choice—income—while the second embraces the enlargement 
of all human choices—whether economic, social, cultural or political (Haq 
1995, p. 14). 
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In this way, Haq’s vision of “the enlargement of all human choices” 

closely parallels Sen’s view of the capability set as the freedom to realize 

alternative combinations of functionings. Facilitated by international institutions, 

particularly the United Nations Development Programme and the World Bank, 

these approaches coalesced during the 1980s to form the human development 

paradigm (Haq 1995). And here the concept of sustainability was incorporated in 

a new context outside the intergenerational equity strand. 

Haq (1995, pp. 16-20) identified four essential components in the human 

development paradigm: equity, productivity, empowerment, and sustainability. 

Together, he said, “they distinguish the human development paradigm from the 

more traditional economic growth models” (p. 16). This approach has 

fundamentally influenced international development institutions such as the 

United Nations, especially through the formation of the U.N. International 

Development Programme, the Organization for Economic Cooperation and 

Development, the World Bank, the South Asian Association for Regional 

Cooperation (SAARC), and many others. 

Human development theory emphasizes economic investment and 

development to improve the quality of life in the present, using indices to measure 

key indicators. While there is an expectation that improving the quality of life in 

the present will lead to continuing improvement in the future, the emphasis is on 

economic improvement for the present generation, rather than on 

intergenerational equity.  Human development goals, while they do include 

sustainable yield objectives for agriculture, fisheries, etc., are directed toward 
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increasing consumption rather than deferring it to abstract future generations. For 

this reason, human development theory represents a distinct and separate strand 

within the sustainable development literature. 

Recent efforts to simplify and rationalize sustainable development theory 

have used the economics of international development as a foundational matrix to 

link and systematize principles held in common by most contributors to the field. 

In addition to providing theoretical clarification, this approach has produced the 

considerable advantage of translating the labyrinthine disciplinary contexts noted 

by Sen into conventional and widely accepted terms that are directly applicable to 

economic development and public policy. A disadvantage, however, may be the 

tendency on the part of actors not familiar with, or motivated by, economic or 

socioeconomic argument and vocabulary to reject the translation and, along with 

it, the argument.32 

This point suggests a point of vulnerability in the human development 

strand: the role of political opposition. As human development institutions such as 

the World Bank impose transparency requirements and other standards on the 

economies of developing nations, they become open to the criticism that they are 

forcing change on the receiving cultures. Bello (2001), for example, sees the 

Bretton Woods system of international financial institutions as imposing unjust 

and inappropriate market-driven controls on developing nations, with the major 

beneficiaries as U.S.-based transnational corporations. He develops an extended 

                                                 
32 Wise (2001), for example, points out that “the social dimensions of sustainability extend 
beyond poverty and its connection to the environment to include a range of issues often ignored in 
environmental circles” (p. 47). 
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critique of the globalization of the East Asian economy, based on 

intergenerational equity criteria of sustainable development. Using the 

International Monetary Fund (IMF) as an example, Bello concludes that IMF 

stabilization programs focusing on aid to Newly Industrializing Countries (e.g., 

Indonesia, Thailand, South Korea) push a U.S. agenda that removes limitations on 

foreign ownership; accelerates the privatization of state-owned enterprises and 

key sectors of the economy such as energy, transportation, utilities, and 

communications; and revises bankruptcy laws along the lines demanded by 

foreign creditors, all in order to create new investment opportunities for American 

firms. 

In a critique of globalization, Lubbers and Koorevaar (2000) identify four 

deficits—governmental, security, social, and environmental—inherent in 

international economic development programs, which they include within a 

neoliberal or market paradigm based on market economics, the Bretton Woods 

system, and technological innovation. They view sustainable development as an 

opposing paradigm that could offset the deficits of globalization. However, their 

model of the opposing sustainable paradigm is explicitly built on the 

intergenerational equity concept. According to these authors, 

The two paradigms are both being acted upon in the real world. The 
neoliberal paradigm has strong means of implementation. In the Bretton 
Woods institutions, structural adjustment can be enforced as a condition 
for much-needed loans; in the WTO [World Trade Organization] system, 
the agreements and rules are enforceable through a powerful dispute 
settlement system that includes trade penalties and retaliation. The main 
factor for the triumph of the market paradigm is the strong support and 
aggressive advocacy it enjoys from the powerful countries, and their 
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deliberate marginalisation of the sustainability paradigm (Lubbers and 
Koorevaar 2000, p. 189). 

Hence where globalization is seen as a consequence of the human 

development programs sponsored by international economic institutions such as 

the World Bank, IMF, WTO, some thinkers within the intergenerational equity 

strand view these programs, which are designed to reduce poverty in developing 

countries, not as a separate strand of sustainable development, but rather as an 

opposing paradigm to sustainable development. As suggested above, they are not 

reacting negatively to the goal of reducing poverty, but instead to the structural 

adjustments and enforcement mechanisms that are tied to loans and that, in their 

view, enhance the interests of the lender nations at the long-term expense, or 

deficit, of the recipients. One result of this perception has been demonstrations in 

the streets of cities, such as Seattle, that are hosting meetings of international 

financial institutions. Through its connection with international financial 

institutions and thus with globalization, the human development strand 

unwittingly attracts political opposition.  

These points brings us to the question of how the two distinct strands in 

the sustainable development literature—intergenerational equity and human 

development—are likely to influence each other in the future. As discussed 

previously, the defining feature of the intergenerational equity strand is altruistic: 

to do without today so that others will benefit tomorrow. The normative 

imperative is to preserve or underconsume nonrenewable resources, and 

intensively manage renewable resources, so that both categories of resource will 

be available to future generations. As discussed previously, the self-limiting 
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character of this normative goal puts it at odds with market economics, thus 

raising a high bar for success. 

In contrast, the defining feature of the human development strand is the 

imperative to relieve poverty in ways that are self-perpetuating and that empower 

individuals, communities, or whole nations or cultures to improve their quality of 

life, thereby becoming free of the constraints that prevent self-determination and 

even self-actualization. This is what Sen (1999) means by “development as 

freedom.” He sees sustainable development as a nurturing dance between the 

evaluative and effectiveness aspects of freedom, where each aspect provides 

positive feedback to the other: as freedom is enhanced evaluatively by 

development, the ability of development effectively to provide still more freedom 

increases. Sen’s model characterizes freedom as relational, not absolute: as people 

become more free, they find new ways to become even more free, in a self-

perpetuating chain reaction of expanding freedom. 

This view of freedom, which stems from a thorough and meticulous 

independent analysis (e.g., Sen 1982, 1999, 2002), is nevertheless perceived as 

closely aligned operationally, through the international development institutions, 

with the goals and rhetoric of free market economics and globalization (e.g., 

Lubbers and Koorevaar 2000, Bello 2001). 

There is some precedent, therefore, for viewing the intergenerational 

equity and human development strands as separate, opposing research programs 

that are operationalized in contrasting ways that can produce incompatible 

outcomes. In this way, they become convenient models for Lakatosian analysis. In 
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a quest to understand how paradigms develop and change, Imre Lakatos (1978) 

developed a view of the mature scientific research program as having a hard core, 

that is, a central all-or-nothing foundation of theory that is either accepted or 

abandoned, surrounded by a protective belt of auxiliary theories that absorb 

unexplained anomalies and counter-evidence in an ad hoc fashion, thereby 

protecting the hard core. The development from “immature” to “mature” depends 

greatly on the heuristic power of the protective belt to accommodate and 

rationalize conflicting evidence: 

My account implies a new criterion of demarcation between ‘mature 
science,’ consisting of research programmes, and ‘immature science’ 
consisting of a mere patched up pattern of trial and error (Lakatos 1978, p. 
78).      

In a mature research program, the hard core does not change, although the 

overall impression from outside the system can vary as the protective belt of 

potentially refutable auxiliary theories alters in response to the challenges of 

counter-evidence . 

As previously discussed, the intergenerational equity strand of the 

sustainable development literature has moved from a position supporting “strong” 

sustainability to an acceptance of “weak” sustainability. This shift in position 

allows the substitutability of man-made capital for natural capital. As a 

consequence, the hard core of intergenerational equity is weakened, if not 

abandoned, making sustainable development an altruistically motivated variant of 

classical welfare maximization. In the Lakatos model, the intergenerational equity 
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strand is a degenerating program, one that has never reached full maturity and is 

unable to protect its hard core: intergenerational equity. 

The human development strand, with its hard-core ethic of improving the 

quality of life by reducing poverty and increasing freedom, conforms more 

closely to  the criteria of a mature research program. Its multitude of protective 

belts—nutrition, education, health care, micro-credit loans, economic 

development, financial transparency, and legal and other institutional 

enhancements—has readily absorbed challenges by the competing research 

program. And I have found no evidence in the literature to suggest that the hard 

core of the human development strand is vulnerable to abandonment by its 

proponents. To the contrary, it appears to be a successful, maturing research 

program in the Lakatosian sense. 

The occurrence in the sustainable development literature of two distinct 

strands, with distinguishing philosophical foundations, one program stronger, or 

more mature, than the other, suggests that they may not co-exist indefinitely. Each 

strand has something of value to offer the other. In the case of intergenerational 

equity, the essential component of value is the ethical imperative to plan for the 

well-being of future generations. In the case of human development, the 

component of value is the ethical imperative to improve the well-being of people 

living in the present. The human development strand is much more effectively 

operationalized than the other strand, with funding, institutional support, and tools 

for measuring its results. 
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Since each has something to offer, the question becomes: are the central 

organizing principles of the two strands compatible? I believe they are, for this 

reason: as the general health, educational level, and economic status of a society 

increase, it is reasonable to expect that some portion of the enhancement in 

quality of life will persist and accrue to future generations, transferred within 

families, neighborhoods, businesses, and institutions such as banking, 

educational, and legal systems. In the long run, the two strands may coalesce, 

with the more effectively operationalized human development strand providing a 

vehicle for the implementation of intergenerational equity goals.       

      DISCUSSION 

Sustainable development, here viewed in aggregate with both component 

strands, holds a paradox: it changes the attitudes and cultures of the very 

stakeholder populations that are intended to be protected. This argument implies 

an opposition between two forces or, really, two stakeholder populations: the 

coalition of project sponsors, financial backers, and political supporters who 

control the development, i.e., stakeholders with high influence, and the people 

who will be affected by the development, i.e., stakeholders with low influence. 

The intent behind sustainability is to plan, design, build, and manage the 

introduced development (for example, resource extraction, major commercial or 

residential construction, infrastructure expansion, urban renewal, etc.) so that it 

can be operated and maintained as compatibly as possible with the interests of 

both stakeholder populations. 



 

111 

To be sustainable, then, a development must serve the interests of most, if 

not all, of the people it affects. Without this attribute, the development will 

eventually succumb to economic, social, or political pressures that end its life 

sooner than would otherwise have been desired. By this point, however, the 

project sponsors may already have achieved their goals, and once their interests 

have been served, they may see no further need to continue the project. 

This lack of incentive beyond a particular margin of economic return is the 

biggest weakness in the sustainable development argument, because developers 

are likely see no need for sustainability beyond the point at which their immediate 

goals are met. Because the sponsors represent only a fraction of the total 

stakeholder population, the diverse interests of the broader stakeholder population 

may suffer while the sponsors benefit. In economic terms, there are negative 

externalities associated with the development. A clear, direct, and often short-

term economic advantage to the project sponsors may overshadow disadvantages 

to other stakeholders, especially in cases where the sponsors have little awareness 

of the affected population and of the negative externalities their development may 

create for that population. If the sponsors see no moral, legal, political, or 

economic incentive to mitigate these externalities, they will have no reason to 

pursue sustainability in the first place. 

Yet the concept of sustainability does provide such an incentive. The 

central assumption implicit in the sustainable development ethos is that an 

investment, construction project, resource extraction, or other profit-motivated 

enterprise is most likely to succeed over the long term if it is supported, rather 
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than opposed, by the people it affects. Even a short-term project that makes a 

quick killing with attendant adverse impacts to stakeholders other than the 

sponsors can produce lasting ill will and negative public relations, working 

against the interests of the sponsors over the long term. The incentive inherent in 

sustainability, therefore, is to gain and maintain the support of the affected 

stakeholder population. In this regard, sustainable development is not entirely 

altruistic. 

Although its popular image has a strong ethical character based on the 

normative goal of disrupting or changing the environment as little as possible, 

sustainability also carries the twin burdens of economic viability and economic 

justice. The project must show long-term profit and, at the same time, a portion of 

the profit must be distributed to stakeholders other than the project sponsors and 

their financial underwriters. The broader distribution of profit must be perceived 

by the affected population—and often by the public at large—as mitigative in 

nature or, in other words, it must be considered to offset or compensate for the 

negative externalities of the development. Hence the broad support of the affected 

stakeholders is not free: it comes at a cost to the sponsors, often through the 

training and employment of local residents. The developers are removing 

something of value and must, therefore, give something of lasting value back in 

compensation. 

The quid pro quo implicit in sustainable development has important 

implications. The impulse behind sustainability is a desire to minimize adverse 

physical, biological, and social effects of development on a nation, region, 
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community, or neighborhood. In this regard, physical and biological features of 

the affected environment are fundamentally different from social attributes. 

Physical and biological features must be viewed differently from cultural features 

because of the element of control: they can be sequestered or protected from 

change through wilderness preservation, wildlife management, habitat restoration, 

and other means that cannot ethically be applied to human populations. In 

contrast, it is not acceptable to control cultural attributes unless the affected 

culture elects to control the effects of the development on itself. To do that, the 

culture must change. Indeed, the more vulnerable or culturally fragile the society, 

the more it has to change in order to protect itself, and the less capable it is of 

doing so on its own. 

   One can imagine a continuum of ways in which a new construction 

project can be considered for introduction to a previously unaffected region. The 

boundaries at the extreme ends of the continuum are, on one hand, total protection 

of the region and its people by avoiding the development altogether and, on the 

other hand, unfettered development with no consideration whatsoever for 

protecting the region and its people from adverse effects of the development. 

Somewhere toward the middle of this continuum (and not outside of the 

continuum altogether, as some might argue) lies sustainable development. The 

idea that sustainability is somewhere toward the middle of the continuum would 

suggest that compromise is involved, and with compromise comes change. 

The preceding discussions support my argument that three components are 

required to achieve sustainability. These are (1) participation by stakeholders who 
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must have some control over the outcome, that is, over how they will be affected 

by the project; (2) planning and action to avoid adverse effects and to mitigate 

those that are not avoidable; and (3) institutional mobilization: the establishment 

of legal, political, and organizational frameworks designed with stakeholder 

participation to ensure that the desired effects on the stakeholder community are 

sustained during and beyond the life of the project. 

The first component, stakeholder participation, has long been viewed as a 

defining element of sustainable development, with sustainability being feasible 

only if there is long-term acceptance by the affected population. This proposition, 

like so much having to do with sustainable development, has a binary character: it 

has both ethical and practical implications. 

The ethical side concerns injustice: if project sponsors have the financial 

and political power to impose a development on a less powerful population, 

without the permission or involvement of the affected parties, economic 

colonialism ensues. I consider this to be axiomatic, even in cases where the 

affected population can be demonstrated to have benefited through living standard 

indices such as per capita income, birth rate, unemployment rate, literacy rate, 

rural electrification, and so forth, because the improvements are irrelevant, that is, 

fundamentally disconnected from the fact that the affected population lacks 

control over its own fate. As a matter of principle, therefore, sustainability 

requires first that representatives of all (or most) stakeholder populations other 

than the sponsors be invited to participate in the decisionmaking process of 
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whether to proceed at all with the development and, if so, the planning and 

implementation of the project. 

Moreover, involvement by the affected stakeholders can be enhanced 

through funding for travel, food, accommodations, translators, and any other 

measures necessary to ensure representative stakeholder participation. This 

approach, which can managed cost-effectively through the use of reference 

groups or individual representatives selected by the stakeholders themselves, is 

becoming standard operating procedure for industries and agencies that pursue 

resource extraction or construction ventures in developing nations and even in 

equivalent regions of developed nations such as Alaska, the northwestern and 

eastern maritime provinces of Canada, the lower Rio Grande valley, and inner-

city areas identified for urban renewal or as economic enterprise zones. A public 

image that projects concern for fair play and economic justice is a major incentive 

for multinational corporations and international agencies operating in the global 

economy. 

As previously noted, however, the encouragement of stakeholder 

participation has a practical side that carries additional incentives that may be 

even more powerful than the ethical considerations discussed above. Bluntly 

stated, disenfranchised stakeholders can cause trouble, blocking or delaying 

projects and even sabotaging them while they are being built and operated. 

Project sponsors, therefore, may perceive sustainable development to be in their 

interest, despite the burden of extra time, trouble, and expense it may impose. In 

other words, projected long-term revenues under the sustainability model may 
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exceed those calculated for a conventional development scenario, and the extra 

time, trouble, and expense during the planning and design stages of a project may 

facilitate smoother construction, operation, and maintenance later. This 

perspective is not necessarily the “cynical side” of sustainable development; 

rather, it is a straightforward business judgment often emphasized and advocated 

by proponents of sustainability. 

The second component of my sustainable development model, mitigative 

planning and design, has long been codified by the legal and regulatory structure 

of most developed nations. In the United States, one role of public policy is to 

provide additional incentives to project sponsors that will avoid, eliminate, 

reduce, minimize, or compensate for negative externalities associated with 

development projects. This is the principle underlying the National Environmental 

Policy Act of 1970 (NEPA) and the implementing guidelines of the President’s 

Council on Environmental Quality (CEQ) and federal resource management 

agencies, which set forth standards for the incorporation of mitigative measures 

into project design, construction, operation, and termination. NEPA requires that 

an environmental impact statement be prepared prior to the implementation of a 

“major federal action, a concept that can include any project supported by federal 

funding. The environmental impact statement must incorporate a scoping process 

that invites agency and public comment before the document is written and, after 

the draft impact statement has been released, public hearings that invite members 

of the broader community of affected stakeholders to provide testimony indicating 
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support or opposition and to recommend measures by which the sponsors could 

make the project more palatable. 

Only recently, however, has federal policy implementing NEPA given 

overt acknowledgement to sustainable development. Current policy requires that 

“traditional knowledge” be sought and incorporated into projects in which 

indigenous or aboriginal people form a portion of the affected stakeholder 

community. The United States policy was foreshadowed in Canada by, among 

other examples, the Mackenzie Basin Impact Study (MBIS). Lasting almost eight 

years (1990-1997), MBIS was a comprehensive and multidisciplinary effort 

funded by the Canadian government to predict the cumulative effects of global 

warming on the vast drainage basin of the Mackenzie River (Environment Canada 

1997). This region encompasses the Mackenzie Valley Dene lands discussed in 

Chapter I and other parts of the Northwest Territories, the Yukon, and British 

Columbia. The meetings and workshops conducted by MBIS brought Dene and 

other First Nations representatives from communities within the study area to 

participate in meetings with the usual physical, biological, and social scientists; 

federal, provincial, and local agency personnel; business leaders; and consultants. 

Both the Mackenzie Basin Study in Canada and the recent regulatory provisions 

for traditional knowledge in the United States represent a trend in public policy 

toward a more open acknowledgement of the principles of sustainable 

development.33 

                                                 
33 In fact, traditional knowledge has become so thoroughly integrated into NEPA practice that 
environmental policy analysts refer to it simply as “TK.” 



There is a third essential component in my view of sustainable 

development: institutional mobilization, by which I mean the establishment of 

institutions designed to maximize benefits to the affected stakeholders and to 

extend and maintain their involvement and influence over the long term. 

Sustainable development initiatives have the potential to fail—or at least fail to 

achieve their full potential—because project sponsors, officials, and leaders from 

the affected stakeholder populations do not appreciate the need for such 

institutions and consequently neglect to establish and maintain them. 

What are these institutions? They can be government agencies, non-

governmental organizations, publicly- or privately-held corporations, or service-

oriented firms that are enabled in some way by the development project. They 

have in common the fact that they would not exist without the development itself 

and without the financial and political support of the project sponsors. This is a 

question less of definition and more of function and performance. The key point is 

that the institution in question must be transformative: it must create new and 

stable legal and financial structures, processes and pathways through which the 

interests of the affected stakeholder population are captured and manipulated to 

the benefit of the individual stakeholders. At the heart of the institutional process 

is the consensual mobilization of stakeholder interests to create mutual gains for 

the project sponsors and the affected stakeholders. 

There is a somewhat paradoxical relationship between the need for 

sustainability and the need for institutional mobilization. Sustainable development 

is a normative idea: its goal is to prevent or minimize adverse cultural change 
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resulting from development introduced from outside the culture. The concept 

applies most acutely to societies that are substantially different from the culture 

introducing the development, with the implication that the contact between the 

two cultures must be thoughtfully managed because of the inherent 

incompatibilities between them. Consequently, the more vulnerable a society is to 

harmful change from external development, the greater is the need for 

institutional mobilization. Here an essential ethical corollary of sustainable 

development becomes evident: it is unacceptable for the developer to adopt a 

paternalistic stance, for example by sequestering a society from outside influence; 

instead, the developer must create opportunities for the affected stakeholders to 

become involved in the development so that they can influence it in ways that are 

compatible with their best interests. And through this process, the stakeholder 

culture may change. 

It follows that the goal of sustainable development cannot be to prevent 

change. And it also follows that proponents of sustainable development cannot 

logically maintain that cultural change introduced by developers from outside the 

culture is necessarily bad. Sustainable development is itself an agent of change. 

The key to success is to ensure that the change is in the best interests of the 

receiving culture while, at the same time, maintaining profitability for the 

sponsors. This is the function of institutional mobilization. The role of the 

institution, whatever form it takes, is to plan, direct, and manage the ways in 

which the interests of the affected stakeholders are mobilized to assure the long-

term mutual advantage of the sponsors and the affected stakeholders. This, and 
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not isolation from cultural change, is the normative burden of sustainable 

development. The ethics of sustainability concern mutual gains rather than 

cultural protection. 

There may be a strong potential for institutional mobilization to change 

the stakeholder culture, because the process encourages and motivates people to 

participate in the planning and management of a development introduced from 

outside of their own culture. In a successful sustainable development, patterns for 

mutual gains are established, stabilized, and perpetuated through institutions 

designed to maximize long-term advantage to the stakeholders and their 

descendants. People change as they participate in this process. Paradoxically, the 

greater the need for sustainable development—because of extreme differences 

between the culture of the project sponsors and the culture of the stakeholders 

who will be affected by the development—the greater is the change experienced 

by the stakeholder culture. 

Indeed, attitudes toward change are an integral part of any examination of 

sustainable development. Understanding the implications of change is the 

controversial heart of the topic. Critics may oppose development on the grounds 

that it will change a physical, biological, or social environment from an existing 

desirable state to some future less desirable condition. As noted in Chapter I, such 

critics, like Dene leaders Frank T’Seleie, George Erasmus, and Stephen Kakfwi in 

the 1970s, can include representatives of the affected stakeholder culture itself, 

perceiving their own society, region, or community to be vulnerable to change 

from the intrusion of a proposed development from outside of the culture. 
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Opposition to development from vocal stakeholders can be very effective 

politically, because the opposition comes from within the culture itself. In the case 

of the Mackenzie Valley Pipeline Inquiry discussed in Chapter I, this type of 

opposition stopped the Arctic Gas proposal and led to the bilateral selection of the 

ANGTS project. 

If opposition from the indigenous culture becomes evident to politically 

sensitive shareholders, it can be amplified within the developer’s own 

organization, creating the potential for coalitions to form between internal and 

external stakeholders. Whether such coalitions are viewed as subversive to the 

developer’s goals or, alternatively, incorporated into the developer’s strategic 

planning is a function of the interface between the corporate culture and the 

external political environment. An enlightened corporate strategy may be based 

on a realization that to embrace or assimilate the opposition is to disarm it. At the 

same time, representatives of the affected stakeholder culture may formulate their 

own strategies to gain maximum advantage from a proposed development that 

they view as unstoppable but not necessarily immutable or invulnerable to their 

own efforts. Thus the influence of culture on policy can operate from either 

direction: both corporate culture and indigenous culture can act, and interact, to 

shape the policies affecting the outcome of the development.  

In this process, an initial cultural attitude—whether corporate or 

indigenous—affects policy, and the policy outcome then affects the cultural 

attitude. The result can be lasting cultural change that starts down it own new 

path, making possible outcomes radically different from those that would have 
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existed without the development or, alternatively, with unfettered development. 

And change can occur not only within the indigenous culture of the affected 

stakeholders, but also within the bureaucratic or corporate culture of the 

developer.  The point is that sustainable development does not imply protecting a 

culture from change. In fact, sustainability can be achieved only if there is cultural 

change, because the stakeholders—both corporate and indigenous—must 

participate in controlling the development for mutual gains. The institutional 

mobilization required to set changes in motion along selected pathways ensures 

not only that cultural changes occur, but that they have the potential to be 

formalized, managed, and perpetuated as desired outcomes. 

In the United States, one of the most pervasive and influential institutions 

for sustainable development is the National Environmental Policy Act of 1969, or 

NEPA. This law contains an action-forcing mechanism: it requires all federal 

agencies to examine the potential effects of their proposed actions, including 

major funding initiatives for development programs, on the physical, biological, 

and social components of the human environment. The regulations implementing 

NEPA include a requirement for predicting the potential cumulative effects of the 

proposed action and its alternatives into the reasonably foreseeable future, which 

must be defined by the cumulative effects assessment, or CEA. 

Chapter III, Cumulative Effects Assessment under the National 

Environmental Policy Act, introduces CEA and shows how it has evolved since 

its origin in the 1978 CEQ regulations implementing NEPA. I make a case that 

CEA offers great promise as a tool for predicting and measuring sustainable 
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development. At present, however, the state of the practice for CEA is still taking 

shape, and a widely applicable, systematic, cost-effective, and not-too-

complicated method for conducting CEA has not yet emerged. The remaining 

chapters describe such a method, with the intent that it may be a contribution 

toward the advancement of sustainable development in the United States. 
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CHAPTER III: CUMULATIVE EFFECTS ASSESSMENT UNDER THE   
NATIONAL ENVIRONMENTAL POLICY ACT 

In the United States, environmental impact assessment (EIA) is conducted 

in accordance with the National Environmental Policy Act of 1969, or NEPA  

(42 U.S.C. 4321-4347).34 The fundamental purpose that NEPA serves is to 

compel federal agencies to predict beneficial and harmful effects, or impacts,35 of 

proposed federally funded or federally permitted development projects on 

environmental quality, so that informed decisions can be made as to whether, and 

how, the projects should be implemented. To achieve this purpose, the EIA 

process must reliably predict changes that would be imposed on the physical, 

biological, and social features of the environment with respect to their probability, 

their magnitude, and whether the changes would be beneficial or harmful. 

As discussed in Chapter I, EIA is an analytic tool of public policy. Along 

with such techniques as comparative risk assessment, technology assessment, and 

cost-benefit analysis, EIA emerged in the United States during the latter half of 

the twentieth century in response to largely unforeseen and undesirable 

consequences of the rapidly expanding technological innovation and economic 

development that followed World War II (Caldwell 1998). EIA gained 

prominence, however, because of a crucial action-forcing provision of NEPA: the 

requirement for an environmental impact statement, or EIS. 
                                                 
34 The remarkable history of the social and political processes in the late 1960s that led to  the 
passage of NEPA are thoroughly reviewed by Caldwell (1997, 1998), who was instrumental to its 
policy formulations and passage, Clark (1997), Smythe (1997), and Bass et al. (2001). 
35 The regulations implementing NEPA use the terms impact and effect interchangeably and 
synonymously [40 CFR 1508.8(b)]. 
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Titles I and II of NEPA 

An uncommonly brief and elegantly composed law, NEPA has only two 

main parts, or titles. Title I first establishes broad environmental policy at the 

federal level (Section 101). Then, more substantively it requires federal agencies 

to utilize a systematic, interdisciplinary approach in planning and decisionmaking; 

to identify and develop methods and procedures to evaluate environmental 

amenities and values along with economic and technical considerations; and to 

prepare a detailed statement on the environmental impact of the proposed action, 

including unavoidable adverse environmental effects, alternatives to the proposed 

action, the relationship between local short-term uses of the environment and the 

maintenance and enhancement of long-term productivity, and any irreversible and 

irretrievable commitments of resources involved in implementation of the 

proposed action. A process of interagency consultation is mandated to ensure that 

any federal agency with legal jurisdiction or special expertise regarding one or 

more of the predicted environmental impacts has the opportunity to comment 

(Section 102). 

Title II of NEPA requires the president to transmit to Congress an annual 

Environmental Quality Report that, among several other provisions, reviews 

existing federal, state, local, and nongovernmental programs and activities, 

including regulatory activities, with respect to their effect on the environment and 

on the conservation, development, and utilization of natural resources, and sets 

forth “a program for remedying the deficiencies of existing programs and 

activities, together with recommendations for legislation” (Section 201). It also 
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establishes in the Executive Office of the President the three-member President’s 

Council on Environmental Quality (CEQ) “to formulate and recommend national 

policies to promote the improvement of the quality of the environment” (Section 

202). The CEQ is charged with the responsibility “to assist and advise the 

President in the preparation of the Environmental Quality report required by 

section 201” and “to make and furnish such studies, reports thereon, and 

recommendations with respect to matters of policy and legislation as the President 

may request” (Section 204). In this way, Title II sets the stage for the 

promulgation of regulations to implement NEPA. 

Direct and Indirect Effects 

After January 1, 1970, when President Nixon signed NEPA into law, EIA 

was confined to the prediction of direct and indirect, or secondary, effects of 

proposed federal actions on the environment. According to the regulations that 

now implement NEPA, which were promulgated by the CEQ in 1978, a direct 

effect is caused by the potential action under consideration and occurs at the same 

time and in the same place as the action [40 CFR 1508.8(a)]. For example, before 

a permit36 could be issued under the Clean Air Act to allow construction of a coal-

fired electric power plant, the preparation of an environmental impact statement 

(EIS) would be required under NEPA. In due course, air quality modeling 

conducted during preparation of the EIS might lead to the prediction that the 

                                                 
36 It is worth noting in this example that it is the federal permit, not the power plant proposal, that 
triggers the EIS. 
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power plant, if built and put into operation, would increase levels of sulfur 

dioxide and nitrogen oxides in the local or regional atmosphere: a direct effect. 

In addition, atmospheric modeling on a wider scale might lead to the 

prediction that prevailing winds would transport acidic particles and gases to a 

distant location, where they would later fall to earth as acidic rain, fog, snow, or 

dry deposition, potentially damaging human health, fish and wildlife, and forests 

and soils. This additional prediction of acidic deposition would be an indirect 

effect, defined in the 1978 CEQ regulations as reasonably foreseeable to be 

caused by the action, but occurring at a later time or farther removed in distance 

[40 CFR 1508.8(b)].37 

For nearly three decades after NEPA became law in 1970, EIA in the 

United States focused almost exclusively on these direct and indirect effects 

(McLaughlin 2001). The long gestation period for cumulative effects, however, 

began that same year, around the time that the sustainable development concept 

was conceived. 

       Federal Guidance Prior to the 1978 Regulations 

When NEPA was signed in January 1970, the United States became the 

first nation to enact an environmental impact assessment law (Bass et al. 2001). 

                                                 
37 The regulatory definition, however, misses an important quality of indirect effects implicitly 
assumed by NEPA practitioners: the presence, in some cases, of a chain of causality. Indirect 
effects may not only be removed in time or distance from the initial cause, but may also be 
indirect in the sense that they result from a sequential cascade triggered by the initial cause. For 
example, economic multiplier effects are often predicted in NEPA documents as indirect impacts 
of a proposed action. Since cascading effects are usually removed in time and sometimes in 
distance, anyway, the regulatory definition works well. 
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As noted above, Titles I and II introduced three key concepts: 1) the declaration 

of a national environmental policy; 2) the establishment of an action-forcing 

mechanism requiring federal agencies to prepare a detailed statement on the 

expected impacts of proposed federal legislation or major federal actions that 

could affect the environment; and 3) institution of the CEQ as an advisory panel 

to the head of state on national environmental policy, including recommended 

legislation and executive orders  (Spensley 1997, March 1998, Bass et al. 2001). 

Without some form of guidance, however, the federal agencies had no 

basis on which to proceed with the consistent implementation of NEPA. There 

were as yet no guidelines, regulations, or case law precedents that would, as they 

do today, define the procedures and parameters of NEPA’s implementation. The 

newly formed CEQ would have to act quickly, before the agencies dispersed 

along divergent pathways of NEPA compliance.   

On March 5, 1970, therefore, President Nixon issued Executive Order 

11514, directing the CEQ to issue guidelines to explain how the “detailed 

statement” should be prepared (35 Federal Register 4247, March 7, 1970). 

Accordingly, the CEQ issued interim guidelines on May 12, 1970 (35 Federal 

Register 7391), intended to facilitate compliance with NEPA pending the future 

release of implementing regulations. 

In the interim guidelines, the CEQ noted that the effects of large numbers 

of federal decisions about proposed actions can be “individually limited but 

cumulatively considerable.” This was the first appearance of the cumulative 

effects concept in NEPA practice. The interim guidelines became final, without 
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significant amendment, in April 1971 (36 Federal Register 7724, April 23, 1971). 

In 1973, the CEQ issued revised guidelines that maintained most of the initial 

guidance from 1971 (38 Fed. Reg. 20553, Aug. 1, 1973)  

Clark (1997) states that despite the lack of formal implementing 

regulations, federal agencies had produced 3,635 detailed statements, which soon 

became known as environmental impact statements (EISs), within two years of 

the passage of NEPA. By the mid-1970s, he adds, “many agencies had also 

developed their own NEPA guidance, training programs, and environmental 

planning and assessment offices” (p. 19). 

The 1978 Regulations and Cumulative Effects Assessment       

 It was not until 1978 that the CEQ, at the direction of President Carter, 

promulgated regulations implementing NEPA. In Executive Order No. 11991, 

signed on May 24, 1977, the president directed the CEQ to convert its EIS 

guidelines into formal regulations implementing all of the procedural 

requirements of NEPA (Clark 1997), including procedures "for the early 

preparation of environmental impact statements" (42 Federal Register 26967, 

May 25, 1977). Accordingly, in November 1978 the CEQ issued regulations (40 

CFR 1500-1508) that replaced the interim guidelines and, with various 

amendments, remain in effect today (43 Federal Register 55994, November 29, 

1978). The CEQ regulations require the preparer of an environmental assessment 

(EA)38 or EIS  to consider not only the individual direct and indirect effects of a 

                                                 
38 40 CFR 1501.3 establishes a process by which federal agencies can prepare a concise 
environmental assessment document, or EA, in cases where it is not clear whether a project’s 



 

130 

proposed action and each of its alternatives, but also the potential cumulative 

impact, which is defined as follows: 

“Cumulative impact” is the impact on the environment which results from 
the incremental impact of the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what agency (Federal 
or non-Federal) or person undertakes such other actions. Cumulative 
impacts can result from individually minor but collectively significant 
actions taking place over a period of time (40 CFR 1508.7). 

Because this was the CEQ’s only regulatory guidance regarding 

cumulative effects,39 federal agencies independently developed their own 

procedures to analyze the potential cumulative effects of actions under 

consideration, as generally directed for all NEPA procedures by Section 1507.3 of 

the regulations. These procedures, when followed at all, varied considerably and 

produced a wide range of different approaches that were inconsistent in 

methodological rigor and thoroughness. 

There is, however, an important distinction between two kinds of 

inconsistency in the analysis of cumulative effects. These are an inconsistency of 

analytic methods, on one hand, as opposed to an inconsistency of logic and 

system on the other. As Canter emphasizes, the first type of inconsistency, 

attributable to a paucity of analytic methods appropriate to, or designed especially 

for, cumulative effects assessment (CEA) need not be an impediment: 
                                                                                                                                     
effects would be significant and thereby require an EIS. After the EA has been made final, the 
agency determines whether to issue a finding of no significant impact, or FONSI, or to require that 
an EIS be prepared for the project. In this sense, the decision to prepare an EA reflects a judgment 
of reasonable probability that a FONSI will be issued. EA is defined in 40 CFR 1508.9. FONSI is 
defined in 40 CFR 1508.13. 
39  40 CFR 1508.8 states that “Effects and impacts as used in these regulations are synonymous.” 
Accordingly, in NEPA practice the terms effect and impact are used interchangeably, and the 
dissertation follows this precedent. 



A frequently expressed analytical challenge in the EIA1 process is the 
purported lack of suitable techniques (models) for predicting cumulative 
impacts. However, this challenge may be misplaced in that many 
quantitative models/methods used for direct or indirect impacts can also be 
used to examine cumulative impacts (Canter 1997, p. 127). 

Canter continues by offering examples of methods used by the U.S. Army 

Corps of Engineers and the U.S. Forest Service for cumulative impact prediction 

in specific projects, and concludes that “All of the listed models/methods have 

also been used to address the direct impacts of single projects in specific 

locations.” 

Indeed, the perceived problem of a lack of analytic methods suitable for 

CEA is not an issue, because the underlying logic of CEA analysis requires that 

impact mechanisms and pathways, and significance criteria and thresholds, be 

comparable across the spectrum of direct, indirect, and cumulative effects2 for 

each given resource component. For this comparability to be achieved, the same 

analytic method must be applied to predictions across the three classes of 

impact—direct, indirect, and cumulative—where the same impact mechanism or 

pathway on the same resource component is involved. The analytic method might 

differ by impact pathway or by resource component, but not by impact class. It is, 

therefore, the second type of inconsistency in CEA practice—inconsistency of 

system and logic—that is at issue and addressed by this dissertation. 
                                                 
1 Environmental impact assessment 
2 Direct, indirect, and cumulative effects are the three types of environmental impact involved in 
NEPA practice. As defined by 40 CFR 1508.8, “‘Effects’ include: (a) Direct effects, which are 
caused by the action and occur at the same time and place. (b) Indirect effects, which are caused 
by the action and are later in time or farther removed in distance, but are still reasonably 
foreseeable. Indirect effects may include growth inducing effects and other effects related to 
induced changes in the pattern of land use, population density or growth rate, and related effects 
on air and water and other natural systems, including ecosystems.”  
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The heart of the 40 CFR 1508.7 definition is “the impact on the 

environment which results from the incremental impact of the action when added 

to other past, present, and reasonably foreseeable future actions.” To comply with 

this definition, therefore, a cumulative effects analysis first must identify relevant 

“other past, present, and reasonably foreseeable future actions” and, second, 

predict what would happen if the action under study were added to them. 

By necessary implication, however, there is an unmentioned third element 

in this regulatory definition: characterization of the specific resource component 

that would be affected. This could be any aspect of the physical, biological, or 

social environment deemed worthy of consideration by virtue of its being 

important to society, such as air quality, or endangered species, or the 

unemployment rate. This third element, which is not specified in the definition, is 

essential, because the impact mechanism or pathway through which the action 

will exert an effect will depend on the attributes of the resource component being 

affected, and these attributes will differ from one resource component (e.g., water 

quality) to another (e.g., per capita income). As a consequence, the analytic 

method used to examine the impact mechanism or pathway, and thus to predict 

the additive or interactive (i.e., cumulative) effect of the proposed action in 

combination with “other past, present, and reasonably foreseeable future actions,” 

must likewise depend on the attributes of the resource component being affected.  

These three essential dimensions can be considered boundary conditions 

that define the zone within which the CEA must stay in order to be feasible. 

Because these boundary conditions were not explicitly identified or differentiated

132 



 

133 

as such in the CEQ regulations, and because the third essential condition was 

implicit and unstated, it is not surprising that cumulative effects sections within 

EIS documents produced in the years following release of the 1978 regulations, 

including recent years, have varied substantially in their analytic structure as well 

as with respect to content, format, and length. 

Current Weaknesses in CEA Practice 

During the period since 1978, CEA has emerged as a subject of special 

interest and concern among federal agencies and is a high-profile topic in the 

NEPA literature, for two reasons. The first is procedural. Following the release of 

the CEQ regulations in 1978, agencies encountered many problems as they 

attempted to comply with the cumulative effects requirement, including the 

growing recognition that lack of a standard procedure for compliance rendered 

them vulnerable to litigation on the grounds of deficiency. As noted by the CEQ:  

Federal agencies have struggled with preparing cumulative effects 
analyses since CEQ issued its regulations in 1978. They continue to find 
themselves in costly and time-consuming administrative proceedings and 
litigation over the proper scope of the analysis. Court cases throughout the 
years have affirmed CEQ’s requirement to assess cumulative effects of 
projects but have added little in the way of guidance and direction. To 
date, there has not been a single, universally accepted conceptual 
approach, not even general principles accepted by all scientists and 
managers (CEQ 1997c, p.4).  

Similarly, Bass et al. again use the imagery of federal agencies struggling 

to master CEA: 

Cumulative effects have long been NEPA’s Achilles’ heel. Federal 
agencies struggle to determine when and how to evaluate such effects. 
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Many issues combine to complicate the analysis of cumulative effects, 
including: geographic scope, the timing of project planning, the definition 
of affected environment, the required level of environmental analysis, the 
definition of a threshold of significance, and the task of determining 
appropriate mitigation (Bass et al. 2001, p. 103).  

In the NEPA literature, many studies have indicated inconsistencies and 

deficiencies in CEA practice. McLaughlin (2001), for example, concluded on the 

basis of preliminary literature reviews that “numerous deficiencies and limitations 

exist in cumulative effects assessment (CEA).” He specified seven examples from 

the literature: lack of clear definitions and of effective implementation, lack of 

coordinated land use planning systems, limited policies and methodologies 

developed for the assessment of cumulative effects, limited direction and 

initiatives from federal agencies, inadequate delineation of spatial and temporal 

boundaries [for the analyses], problems with the determination of reasonably 

foreseeable future actions, and weaknesses in determining the potential 

significance of cumulative effects. Like the CEQ, McLaughlin emphasized that 

these and other weakness in CEA practice have rendered NEPA documents 

vulnerable to litigation: 

Because of the willingness of the judicial system in the United States to 
force project proponents to adequately consider cumulative effects and the 
zealousness of non-governmental organizations and environmentalists to 
sue when this has not been achieved, cumulative effects assessment must 
quickly become an integral part of the EIA process—a practice that needs 
to incorporate thorough scoping, and analysis, description, and discussion 
of cumulative effects. This should be done in a careful, systematic, and 
iterative manner (McLaughlin 2001, p. 150). 

Some years earlier, Burris (1994) reviewed 30 EA reports prepared from 

1980—two years after the CEQ regulations were issued—through 1992 to assess 
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the degree to which the treatment of cumulative effects in these documents met 

the CEQ regulatory requirements (which, one might recall, consist of only the 

single paragraph comprising 40 CFR 1508.7, quoted previously). Burris found 

that only 14 EAs (47 percent) used the term “cumulative impacts,” and that six of 

the 30 documents (20 percent) indirectly discussed cumulative effects. 

Interestingly, this population did not overlap much; of the six EAs that indirectly 

addressed cumulative impacts, only one actually used the term, leading to the 

inference that the indirect assessment of cumulative effects in the other five 

documents may have been through serendipity rather than through intentional 

compliance with the regulations.   

Similarly, McCold and Holman (1995) analyzed 89 EA reports published 

during the six-month period from January 1 through June 30, 1992, These 

workers found that 54 of the 89 federal documents in the sample, or about 61 

percent, did not mention or include any analysis of cumulative effects at all, 

although the regulations had been in effect for about 14 years. Of the 35 EAs that 

did mention cumulative effects, eight concluded there would be no cumulative 

effects without providing any supporting evidence or analysis, and five concluded 

that cumulative effects would occur but would be insignificant, again without 

supporting evidence or analysis. 

   Most recently, McLaughlin (2001) performed an EIS survey with a 

temporal component to determine whether CEA practice had improved over the 

intervening years since the Burris. This study was modeled on work by Cooper 

and Canter (1997a,b) that used 15 qualitative criterion questions to develop a 
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numerical indexing system by which EISs can be ranked and compared with 

respect to the adequacy of their treatment of cumulative effects. 

In this system, each question captures either an essential element of the 40 

CFR 1508.7 definition or a desirable component of the best state of the practice, 

e.g., Criterion Question 13: “Does the discussion of cumulative effects address 

other past, present, and reasonably foreseeable future actions (RFFAs) in the 

defined project area?”  Each question is weighted to reflect its importance as a 

factor in compliance with the CEQ regulations or with respect to the state of the 

practice. The factor importance weight (FIW) is established on the basis of 

professional judgment. For example, the FIW for Criterion Question 13, noted 

above, is 0.090, whereas the FIW for Criterion Question 7, “Is there a written 

definition of cumulative effects?”, is 0.050. The sum of the FIWs of all 15 

criterion questions is 1.000.   

For a single document, each question can be answered only once, yes or 

no. This means that, for a single document, each “yes” result for a particular 

question would be multiplied by its factor importance weight (FIW) to produce its 

index value. If all criterion questions for a single EA or EIS produced “yes” 

results, then the sum of the index values would produce a perfect score, 1.000.  

The indexing system also allows multiple documents to be grouped in 

categories such as, for example, the federal agencies producing the reports, 

allowing the composite scores to be compared group by group, that is, agency by 

agency. In this multiple approach, the percentage of “yes” results for a group of 

documents is converted to a decimal value and multiplied by the FIW to produce 
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the index value. For example, if a criterion questions receives a “yes” result in 93 

percent of the documents in a given group, the index value (decimal X FIW) 

would be: 

0.93 X 0.050 = 0.0465, which rounds to 0.05. 

The index values for a given group of documents are then summed to 

produce a composite index value that represents the overall performance rating of 

the documents in that particular group. In this way, the performance of one group 

of documents can be compared with that of another group by comparing their 

composite index values. 

Using this system, McLaughlin examined 45 EIS documents, of which 25 

were prepared by the U.S. Forest Service (Department of Agriculture), 12 by 

agencies of the U.S. Department of  the Interior, and eight by other federal and 

state agencies. The documents ranged in date of preparation between 1990 and 

2000, with the majority dating from 1997 through 2000. A time comparison 

analysis was incorporated as a basis for comparing composite index scores by 

date, thus providing a means of detecting trends in the overall improvement or 

decline in scores over time. 

McLaughlin found that the mean composite index score for all three 

groups for the 1990-2000 (or 1999) period was 0.56 out of a hypothetical perfect 

score of 1.00, indicating a variety of weaknesses in CEA performance that he 

reviewed on a question-by-question basis. Of the three groups, the U.S. Forest 

Service received the highest composite index score (0.62), followed by the 

“Other” category (0.56) and the Department of the Interior (0.50). 
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McLaughlin also subdivided each of the three groups into two periods, 

1990-1996 and 1997-2000 (or 1999) and performed a similar analysis. The point 

here is that, as discussed below, the CEQ issued guidance in the form of a CEA 

handbook in January 1997 to facilitate regulatory compliance (CEQ 1997c). By 

dividing the groups into pre-1997 and post-(January) 1997 categories, 

McLaughlin was able to compare their CEA performance scores before and after 

the guidance was issued, thereby gaining a preliminary assessment of the impact 

of the guidelines in influencing CEA practice. The results were unexpected. In 

two categories, the U.S. Forest Service and “Other,” the composite scores 

declined after the date on which the CEQ guidance was issued, from 0.66 to 0.60 

and from 0.62 to 0.54, respectively. Only in the case of the Department of the 

Interior was improvement evident, from 0.41 to 0.61. 

In dissecting the results, McLaughlin attributed the surprising declines to 

responses to criterion questions pertaining to documentation and analysis, and 

particularly to a failure to define and discuss spatial and temporal boundaries. 

Because the necessity to define spatial and temporal boundaries is emphasized by 

the CEQ in its 1997 guidance, this is a noteworthy failing. Of further note is the 

fact that the mean pre-1997 composite index score for all three groups was 0.56, 

as compared to a mean of 0.58 for the post-1997 period. Because significance for 

this study was defined as a change in composite index score greater than 10 

percent, it must be concluded that no significant improvement in the mean 

composite index scores for the pre- and post-1997 periods was detected by 

McLaughlin’s study. It should also be noted, however, that an EIS document 
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typically requires several years to prepare, and it should come as no surprise that 

regulatory guidance issued in 1997 would not be substantially reflected in 

documents produced during the 1997-2000 timeframe. 

Additional studies, employing larger sample sizes (i.e., more documents), 

will be required in future years to assess more accurately the influence of the 1997 

CEQ guidance. Finally, it must be noted that the mean composite index scores for 

the entire study period (0.56), for the pre-1997 period (0.56), and the post-1997 

period (0.58) are all between 0.50 and 0.60 out of a possible 1.00, indicating a 

persistent weakness in interpreting and complying with the cumulative effects 

requirement in the 1978 regulations. 

During the 1990s, this weakness became increasingly evident. For 

example, Bass et al. (2001, p. 103) note that the CEQ had received “years of 

criticism for not properly advising federal agencies on how to evaluate cumulative 

impacts.” By the mid-1990s, roughly 25 years had passed since NEPA became 

law, and the CEQ recognized that it would be useful to conduct an evaluation of 

the effectiveness of the EIA process, including the assessment of cumulative 

effects, in achieving the goals of NEPA  (Clark 1997). Accordingly, the CEQ, in 

partnership with federal agencies, academic institutions, and private-sector 

experts, undertook a cumulative effects analysis initiative as part of the NEPA 

effectiveness study “to identify the current state of the science, to recommend 

steps for improving such analyses in the NEPA process, and to make the best 

current thinking on this subject available to NEPA practitioners” (Clark 1997,  

p. 22). 
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The 1997 CEQ Handbook “Considering Cumulative Effects” 

In January 1997, the CEQ released two documents culminating from the 

NEPA effectiveness study. The first was a 49-page report on the effectiveness 

study itself (CEQ 1997b), including a brief section on CEA insightful enough to 

justify repeating here: 

Assessing Cumulative Impacts. Perhaps the most significant 
environmental impacts result from the combination of existing stresses on 
the environment with the individually minor, but cumulatively major, 
effects of multiple actions over time. Recognizing the difficulty of 
assessing adequately the impacts of individual actions, Study participants 
underscored that assessing cumulative impacts in NEPA analyses 
magnifies the difficulty, and called for a compilation of the best science 
and tools to accomplish this. 

In their environmental analyses, federal agency staff routinely address a 
proposed action and its direct and indirect effects on the environment. 
Cumulative effects analysis is more challenging, primarily because of the 
difficulty in defining the geographical (spatial) and time (temporal) 
boundaries. For example, if the boundaries are set too broadly, the analysis 
becomes unwieldy and, if they are set too narrowly, significant issues may 
be missed and decision-makers will be incompletely informed about the 
consequences of their actions [emphasis added]. For these reasons, 
cumulative effects analysis is an emerging discipline which presents 
challenges for [both] the NEPA practitioner and [the] decision-maker. 
These challenges manifest themselves especially during the scoping and 
analytical stages of the NEPA process and tend to overwhelm the NEPA 
practitioner. Consequently, the ongoing challenge is to refine approaches 
to cumulative effects analysis [emphasis added], and to recognize that a 
better decision, rather than a perfect analysis of cumulative effects, is the 
goal of NEPA and environmental impact assessment professionals (CEQ 
1997b, p. 29). 

The second document released by the CEQ in January 1997 was the 

refinement of approaches and the “compilation of the best science and tools to 

accomplish this” called for in the study report: a 64-page handbook, with 
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appendices summarizing CEA methods (CEQ 1997c). The handbook implicitly 

addresses two kinds of method: process-centric and resource-centric. Much of the 

text describes, on a conceptual basis, a single process that can be applied to any 

proposed action: a process-oriented methodology. In addition, however, the text 

and appendices describe a great variety of analytic methods tailored to the 

characteristics of different kinds of resources (e.g., air quality, endangered 

species, health care delivery). 

Such resource-oriented methods are not specific to cumulative effects per 

se; rather, as noted in the earlier reference to Canter (1997), they can be applied 

equally and appropriately to direct, indirect, or cumulative effects. Chapter IV of 

this dissertation addresses the process of assessing cumulative effects in general, 

and the potential of that process for enhancing sustainable development, rather 

than resource-oriented methodology. That process, as set forth in the CEQ 

handbook, combines three basic components: 

1) The predicted direct and indirect effects of a proposed future action; 

2) Effects of other past, present, and reasonably foreseeable future 

actions; and 

3) Additive or interactive (i.e., nonlinear, countervailing, or synergistic) 

relationships between (1) and (2) that result in cumulative effects. 

These three components are the unitary elements of CEA around which 

any process of predicting the nature, magnitude, probability, and significance of 

potential cumulative effects must be built. Starting with these, the handbook 

constructs an 11-step sequence that runs through the standard EIA process, first 
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set forth in NEPA, of scoping, describing the affected environment, and 

determining the environmental consequences. In so doing, the handbook 

establishes a precedent that implicitly explains the distinctive character of CEA: 

how each step in the NEPA process is different for determining cumulative effects 

than for predicting direct and indirect effects. With new case law precedents being 

established each year, and federal agencies producing 400 to 500 draft, final, and 

supplemental EISs and an estimated 50,000 EAs each year (Clark 1997, p. 21), 

mastering this distinction is essential for NEPA practitioners and agency 

decisionmakers, already accustomed to the conventions for direct and indirect 

effects, who must proceed through the uncharted waters of cumulative effects 

assessment. 

What are their most pressing needs? First, cumulative effects assessments 

must be legally and technically defensible. The CEQ handbook provides, for the 

first time since the NEPA regulations were promulgated in 1978, guidance to 

assist practitioners in meeting this defensibility criterion. As standardization and 

consistency begin to stabilize the CEA process, an identifiable state of the 

practice will emerge and provide a substantive basis for legal and technical 

evaluation. 

Second, decisionmakers, who approve individual development projects on 

a piecemeal basis, need something beyond the precautionary principle on which 

they can rely to minimize risks associated with unintended and unforeseen 

consequences of their decisions. 
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Third, NEPA practice is governed by budgets and deadlines. Practitioners 

must have at hand a reliable process that can be applied, with a minimum of 

adaptation, to any proposed or alternative action, and that can be used dependably 

for developing realistic budgets and schedules. It follows that the CEA process 

must be standardized sufficiently to avoid the unnecessary expenditure of time 

and money required to re-interpret the assessment process each time a new project 

is started. An important benefit of increased efficiency would be to reduce the 

average time required to prepare EAs and EISs. 

Finally, agencies are faced with an almost overwhelming number of 

project approval decisions each year, all made essentially in isolation from one 

another. It would be useful to develop a synoptic system, enabled by the 

preceding standardization, to compile an interagency relational database of the 

predicted cumulative effects of successive proposed actions over time. This would 

allow decisionmakers to review preceding CEAs and compare the results with 

their own recent and current projects. A standardized approach is needed to allow 

such comparison, and also to enable the formation of a larger, continually 

updated, synoptic picture to serve as a basis for planning, monitoring, and 

corrective action. For example, the identification of reasonably foreseeable future 

actions (RFFAs) is one of the more time-consuming aspects of CEA practice. 

RFFAs documented for geographic regions and governmental jurisdictions down 

to the county, city, and even the neighborhood level could be continually updated 

as each new study is completed, eliminating the need to identify RFFAs 

independently and redundantly for every new project, as is currently required.      
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In its executive summary, the CEQ emphasizes that the handbook “is not 

formal guidance nor is it exhaustive or definitive; it should assist practitioners in 

developing their own study-specific approaches” (CEQ 1997c, p. vi). In light of 

the preceding considerations, this statement requires attention. As indicated by 

McLaughlin (2001), CEA products released since the 1997 handbook was issued 

continue to show variations in approach and thoroughness not unlike those found 

in studies from the pre-handbook years (e.g., Burris 1994, McCold and Holman 

1995). Yet these inconsistent approaches generally conform to the CEQ 

handbook, which allows practitioners broad latitude. The lack of a standard 

analytic approach can slow the progress of NEPA report preparation, because 

practitioners must, to some extent, “reinvent” the process for each new project. 

Furthermore, the resulting variation has the potential to impede comparisons of 

the predicted cumulative effects of one project with another. 

As noted earlier, the CEQ handbook interweaves both process-centric and 

resource-centric methodologies. To develop a coherent and systematic approach 

to CEA, it is essential to discriminate between these two fundamentally different 

kinds of methods. For a number of practical reasons, as noted above, NEPA 

practitioners and decisionmakers would benefit from a standardized CEA process 

that is not study-specific, but rather can be applied generically to any proposed 

development project. In other words, there is a need for the process-centric 

methodological component of CEA to be both systematic and standardized, so 

that it can be routinely applied in approximately the same way by the majority of 

practitioners and the majority of federal agencies, eventually becoming standard 
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practice. Refinements and improvements would be made over time, influenced by 

agency policy, NEPA practitioners, and case law precedent. 

It is argued here that only the process-oriented component of CEA 

methodology requires standardization, and that such standardization should be 

limited to the key elements in the process, allowing the flexibility and creative 

variation that is necessary for the state of the practice to evolve. Resource-

oriented methodology, on the other hand, must indeed be study-specific and 

matched to the particular physical, biological, and social resource components 

comprising the affected environment associated with a specific proposed action. 

The resulting product would be standardized with respect to the overall process 

for identifying and evaluating potential cumulative effects, allowing comparison 

of the results with those of other CEA products, but each product would be study-

specific with respect to its suite of resource components and the particular 

combination of analytic techniques applied to them. 

This distinction regarding the need for standardization goes a step beyond 

the level of presentation in the CEQ handbook. It is suggested here because such 

standardization would provide substantial benefits with respect to legal and 

technical defensibility; minimize the risk of unforeseen and unintended 

consequences; increase efficiency and cost-effectiveness, reducing the average 

time required to prepare NEPA documents; and the ability to develop a synoptic 

interagency management system to allow CEA results to be compared, providing 

insightful support to decisionmakers and an improved basis for planning, 

monitoring, and corrective action. To achieve these results, therefore, a systematic 
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approach to CEA, simple and clear enough to facilitate standardization, and fully 

compliant with the CEQ regulations and informal handbook guidance, is required. 

The 1999 EPA Cumulative Effects Guidance 

In May 1999, just over two years after the CEQ handbook was issued,  the 

EPA’s Office of Federal Activities released additional guidance on cumulative 

impacts (EPA 1999). With respect to the EPA’s mission, this newer guidance is 

intended (p. 1) “to assist EPA reviewers of NEPA documents in providing 

accurate, realistic, and consistent comments on the assessment of cumulative 

impacts.” More broadly, however, it effectively applies to all EIS preparers, 

because under Section 309 of the Clean Air Act (42 USC 7609) the EPA Office of 

Federal Activities is responsible for reviewing and commenting on every EIS 

prepared by a federal agency (Bass et al. 2001). Therefore, it is essential that 

environmental impact analyses, including CEA, comply with the EPA guidelines. 

On its first page, the EPA cumulative impact guidance document notes that: 

Cumulative impacts, however, are not often fully addressed in NEPA 
documents due to the difficulties in understanding the complexities of 
these impacts, a lack of available information on their consequences, and a 
desire to limit the scope of environmental analysis (EPA 1999, p. 1). 

The introduction also points out that the “CEQ’s handbook offers the most 

comprehensive and useful information to date on practical methods for addressing 

cumulative effects in NEPA documents” and emphasizes that “the concepts 

presented in the handbook serve as the foundation for this guidance.”   

From the NEPA practitioner’s standpoint, the one significant difference 

between the CEQ and EPA guidance is that the EPA adds a new sustainability 
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dimension to CEA: a description of the ecologically sustainable condition of the 

resource component being analyzed: 

To determine how the project will affect the resource’s ability to sustain 
itself, the NEPA document should a description of the baseline condition 
that considers “…how conditions have changed over time and how they 
are likely to change in the future without the proposed action”. (CEQ 
1997c) If it is not possible to establish the “naturally occurring” condition, 
a description of a modified but ecologically sustainable condition can be 
used in the analysis. In this context, ecologically sustainable means the 
system supports biological processes, maintains its level of biological 
productivity, functions with minimal external management, and repairs 
itself when stressed (EPA 1999, p. 14). 

To comply with this requirement, the CEA must describe either the 

naturally occurring (pristine) condition or a past condition in which the resource 

component was modified but still ecologically sustainable, providing a reference 

point with which the CEA can compare altered conditions in the more recent past, 

present, and reasonably foreseeable future. By identifying the sustainable 

condition, the practitioner now has a basis on which to compare actual conditions, 

or predicted conditions in the presence of a proposed action, with the undisturbed 

state, and to gauge the difference and its implications with respect to the 

sustainability of the resource. 

In an interview conducted for this dissertation (The Hague, June 20, 

2002), Anne Norton Miller, Director of the EPA Office of Federal Activities, 

confirmed these points. She added that in formulating the new CEA guidelines, 

one goal of the staff of the Office of Federal Activities was to establish a process 

applicable to situations in which a cumulative effect was already in place as a 

result of incremental past actions. Once the existing cumulative effect has been 
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characterized, it is then practicable to analyze the potential additive or interactive 

effect of the proposed action and describe its incremental contribution, whether 

beneficial or adverse. In other words, Director Miller’s point was that it can be 

useful to start by characterizing an already-existing cumulative effect and then to 

determine how the proposed action, if implemented, would interact with the pre-

existing condition in additive or synergistic ways. 

In conclusion, there is a documented need for a simplified and 

standardized approach to CEA. Although the CEQ (1997c) handbook is a major 

advance in the practice, refinements are still needed, as the handbook itself 

suggests. Judicious standardization of its process-oriented methodology will 

provide further benefits to NEPA practitioners and agency decisionmakers. These 

include improving the technical and legal defensibility of NEPA documents with 

respect to their treatment of cumulative effects, minimizing risks associated with 

the unintended and unforeseen consequences of development approvals, 

enhancing the efficiency of NEPA document preparation, and establishing 

conditions for integrating CEA across federal agencies, allowing the comparison 

of results across agencies and over time, and establishing the conditions necessary 

for a synoptic capability to enhance planning, monitoring, and corrective actions. 

Standardization of the CEA process, while retaining flexibility and wide latitude 

for resource-specific analytic techniques, will expedite the emergence of a 

consistent state of the practice for CEA similar to that which already exists for 

other aspects of NEPA practice. The following two chapters describe such a 

standardized approach and explain how it was developed and tested. 
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CHAPTER IV: TOWARD A STANDARD METHOD 

The basic idea behind cumulative effects assessment (CEA) is that if we 

evaluate proposed actions on a one-by-one basis, we will miss the big picture: the 

additive result of many actions, each exerting its beneficial or adverse 

environmental influence over time. As we saw in the preceding chapter, it was 

this need to avoid the piecemeal prediction and assessment of environmental 

impacts that led to the CEQ’s inclusion of the cumulative effects requirement in 

the 1978 NEPA regulations and to the eventual development of the CEQ’s 

cumulative effects handbook (CEQ 1997c) and federal agency guidelines 

augmenting that handbook (e.g., EPA 1999). Although predictions of direct 

effects of individual proposed actions tend to be more certain, in the sense that the 

cause-and-effect relationships are often simpler and clearer, cumulative effects 

may have more important consequences, particularly unintended ones, over the 

long term. The possibility of these “hidden” consequences presents a risk to 

decisionmakers, because it is not always obvious what the ramifications of an 

individual decision might be. The goal of identifying potential cumulative effects, 

therefore, is to allow informed decisions—choices with some awareness of 

potential consequences beyond the immediate effects of the project under 

consideration.  

This has important implications for sustainable development. NEPA is the 

only legal and regulatory institution in the United States with an action-forcing 

mechanism that requires public involvement in interdisciplinary planning and 
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promotes the compatible integration of social welfare, environmental stewardship, 

and economic growth (Kaufman 1997). As an increasingly important part of the 

NEPA process, CEA offers a legally required analytic approach with the potential 

to predict, measure, and compare possible outcomes of alternative development 

proposals. With such a tool can enhance the ability of stakeholders and 

decisionmakers to make choices among alternatives with an awareness of the 

attendant risks, complexities, and implications for long-term sustainability. At 

present, in 2004, CEA practice has progressed beyond its infancy but is still in an 

early stage of development. It has not yet become apparent what form CEA will 

take, or how useful it will be as a tool for implementing sustainable public policy, 

when the state of the practice has matured.     

To become a reliable tool, CEA must have a procedure that is logical, 

systematic, transparent, and reproducible. The process must allow at least a 

degree of standardization, so that results are comparable, and can be collated and 

analyzed in cross-cutting ways, from project to project, agency to agency, region 

to region, year to year, and from one development sector to another. This point 

has not yet been reached: it is still a vision. We are in a period when contributions 

to the field can make a decisive difference, because the eventual state of the 

practice with regard to CEA has not yet been determined. Once established, it will 

continue to evolve, but the present formative period will be crucial in deciding 

whether CEA becomes a genuine predictive tool for sustainability or remains little 

more than a perfunctory exercise to be performed during document preparation. 

For this reason, any contribution to assist the practice of CEA to fulfill its 
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potential—to provide federal agencies with a tool that will promote decisions that 

are more farsighted, promote sustainable solutions, and thus involve less risk of 

adverse unintended consequences—is worthy of consideration and testing. 

The approach described in this dissertation is intended as a contribution 

toward a standard method for conducting CEA. It is, however, a single step in that 

direction that will be refined by other practitioners, both through design 

improvements and by testing in NEPA-mandated applications to proposed 

development projects. My hope is that, over time, a useful tool to facilitate 

sustainable development will evolve from this and subsequent work by others. 

The Process Used to Develop a Standardized Approach 

This and the following chapter tell the story of a five-year journey toward 

a standardized CEA methodology. My role in that process was to lead the CEA 

methodological development, working with an a team of specialists in the various 

physical, biological, and socioeconomic subject areas who performed the impact 

analyses.42 Environmental impact assessment (EIA) is a collaborative process 

requiring the participation of practitioners, agency representatives, project 

sponsors, and stakeholders. By its nature, it cannot be a solitary endeavor, but an 

individual can make a distinctive contribution and share lessons learned. 

                                                 
42 The initial  team was led by Dr. Joseph M. Colonell, P.E., and included Sue Ban, David 
Erikson, Lisa Loy Gray, Jonathan Isaacs, Joyce Payne, and Bryan Trimm, all of URS Corporation 
in Anchorage, Alaska; Dr. Stephen R. Johnson of LGL Limited in Sidney, B.C.; Dr. Benny J. 
Gallaway, Dr. Robert G. Fechhelm, and Jean Irwin of LGL Ecological Research Associates, Inc. 
in Bryan, Texas; and Dr. L. Daniel Maxim of Everest Consulting Associates in Cranbury, New 
Jersey. 
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This chapter recounts the first step of a three-step process. This was a team 

effort to develop the direct, indirect, and cumulative effects assessments for the 

Environmental Report prepared as part of the federal right-of-way renewal 

process for the Trans Alaska Pipeline System (TAPS Owners 2001). I was 

retained as an EIA consultant with the responsibility for the CEA component of 

the effort. 

When I joined the team, in December 1999, a systematic precedent for 

CEA was not available, so far as we could determine, apart from the general 

guidance in the CEQ handbook (CEQ 1997c). Although they had used the 

handbook as a guide, the team had not succeeded in devising a satisfactory 

method, and we were all still unaware of the EPA’s additional CEA guidance, 

which had been issued the preceding May (EPA 1999). The three-stage effort 

described here, therefore, is one of the first attempts to develop a coherent method 

for conducting CEA explicitly based on the CEQ’s 1997 handbook and, in later 

stages, the EPA’s guidance. Each of the three stages can be considered a case 

study that has value not only because of its end result—the methodology—but 

also because it represents an early test of the CEQ’s guidance by experienced 

practitioners who were, at the beginning, relatively naïve with respect to CEA. 

From this unassuming start in late 1999, a five-year process unfolded in 

which I worked with clients, agency representatives, and a growing team of 

professional colleagues to prepare and test successive versions of the systematic 

CEA method presented in this dissertation. The method was developed in three 

overlapping and mutually reinforcing phases: 
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1) 1999-2000: Initial development of an early version of the new CEA 

approach. This was undertaken for the comprehensive Environmental 

Report prepared as part of the federal right-of-way renewal process for 

TAPS (TAPS Owners 2001);43 

2) 2001: A one-day workshop on CEA standardization with 20 invited 

federal and State of Alaska regulatory agency representatives, which I 

organized and led; 44 and 

3) 2000-2004: Major revision and testing of sequentially refined 

versions45 of the CEA methodology in the first draft, second draft, and 

final46 Programmatic Supplemental Environmental Impact Statement 

(PSEIS) for management of the world’s largest commercial fisheries, 

                                                 
43  I thank and acknowledge the TAPS Owners; BP Exploration (Alaska) Inc. (BPXA); and Dr. 
Ray Jakubczak of BPXA for supporting the CEA effort for the TAPS ROW Renewal ER, which 
was prepared under contracts between BPXA, URS Corporation, LGL Alaska Research 
Associates, Inc., and Everest Consulting Associates. 
44 I thank and acknowledge BPXA; ConocoPhillips Alaska Inc.; and Dr. Bill J. Streever, BPXA 
Environmental Studies Leader for supporting the workshop, which was intended to develop 
guidelines to assist staff and consultants in preparing CEAs for environmental reports (ERs) for 
proposed North Slope exploration or development projects. The workshop was conducted under 
contracts between BPXA and LGL Alaska Research Associates, Inc. (earlier stages) and URS 
Corporation (later stages). Dr. Streever and Dr. Ray Jakubczak of BPXA; Dr. Joseph M. Colonell,  
P.E., Jonathan Isaacs, Joyce Payne, Sue Ban, and David Erikson of URS Corporation; Diana 
Evans and Diana Stram of URS Corporation, now with the North Pacific Fisheries Management 
Council; and Steven K. Davis of NOAA Fisheries all contributed to thinking that led to the version 
of the guidelines developed by the workshop process. The 8-hour workshop was held on 
November 6, 2001, at BPXA headquarters in Anchorage, Alaska. 
45 Early refinement of some aspects of this CEA process was also accomplished during 
preparation of the Environmental Report for the Point Thomson Gas Cycling Project (ExxonMobil 
Production Company 2001) under a contract between ExxonMobil Production Company and URS 
Corporation. Sue Ban of URS Corporation led the CEA development effort for that project.  
46 These successive versions of the PSEIS were released in January 2001, September 2003,  and 
June 2004, respectively.  
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the Alaska groundfish fisheries of the Eastern Bering Sea and Gulf of 

Alaska.47 

This chapter describes the first stage listed above: the main features, in 

chronological order, of the problems encountered and the thought processes, 

insights, and solutions that evolved as we proceeded. It is, however, necessarily 

selective and abbreviated to form a concise and readable story, and to allow space 

for retrospective commentary and conclusions. And, of course, it represents only 

my own point of view and judgments as one member of a diverse team. 

Chapter V describes the second and third stages of the process, which 

involved (2) a workshop to seek the advice of regulatory agency representatives 

and (3) a high-profile EIS produced in three successive drafts. From the 

workshop, a much tighter sequential process was developed, particularly with 

respect to screening. And during the NEPA process conducted for the EIS, a large 

number of stakeholders provided their own advice and important perspective. 

Nationwide public review and regulatory agency analyses of the first draft alone 

produced over 21,000 separate letters and public hearing testimony statements. 

Comments on the impact analyses provided an unparalleled opportunity for 

repeated testing and refinement of the CEA methodology and presentation.     

                                                 
47  I thank and acknowledge NOAA Fisheries, an agency of the U.S. Department of Commerce, 
Dr. Steven K. Davis, Project Manager; the North Pacific Fisheries Management Council, 
especially Diana Evans and Diana Stram; and the staff of NOAA’s Alaska Fisheries Science 
Center in Seattle for their support and intellectual contributions during preparation of the Alaska 
Groundfish Fisheries PSEIS under a contract between NOAA Fisheries and URS Corporation. The 
expanded URS Corporation team at this stage included Dr. Joseph M. Colonell, P.E., Sue Ban,  
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The Trans Alaska Pipeline System Right-of-Way Renewal 

As noted in Chapter I, my interest in what is now called sustainable 

development began when I arrived in Alaska and first saw the Trans Alaska 

Pipeline, the 48-inch diameter crude oil pipeline stretching 800 miles from 

Alaska’s Arctic Coastal Plain, or North Slope, to the Valdez Marine Terminal. At 

that time, in May 1978, oil had been flowing through the pipeline for a year, and 

it was too early to tell how sustainable the pipeline would turn out to be. I 

wondered whether the calamitous effects predicted by the pipeline’s opponents 

would in fact occur, and whether the pipeline would continue to function if such 

things actually happened. And if all went well, I wondered, how long would the 

pipeline remain in place, transporting oil? 

From about 1969 through 1973, there had been a highly visible journalistic 

war between proponents and opponents of TAPS. Many newspaper and magazine 

articles, editorials, and other commentary had been published in support of the 

pipeline and the ability of an abundant new supply of domestic oil to alleviate the 

energy crisis in the United States (e.g., Hickel 1972). Others had argued forcefully 

against TAPS, predicting severely adverse impacts. Arguments against the 

pipeline included the fragile Arctic ecosystem concept, where “The state’s 

ecological metabolism falters at the slightest disruption” (Pollak 1971); the 

likelihood of catastrophic oil spills on land and sea, where “A pipeline break in 

the wrong place at the wrong time could be devastating to a broad spectrum of the 

ecology of a significant area, affecting native food supplies” (Aspin 1971), all of 

which did occur in March 1989 with the Exxon Valdez oil spill; extensive thermal 
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erosion of permafrost soils, where “massive bleeding sores—not scars—would be 

left in the tundra” (Sherrill 1973); impacts on caribou and, for example, “whether 

the caribou will go the way of the buffalo” (Brown 1973); and loss of 

irreplaceable wilderness values (Wayburn and Wayburn 1973). 

These concerns were expressed in the face of accelerating and, for many, 

disturbing change in what had been, through the mid-twentieth century, a remote 

and seldom-visited outback of the United States: a region suddenly appreciating 

in the public awareness, fed by the vocabulary of the new conservation 

movement, as a pristine, magnificent, and irreplaceable wilderness. On February 

18, 1968, the Atlantic Richfield Company, soon to be called ARCO—financed by 

Humble Oil and Refining Company, a subsidiary of the Standard Oil Company of 

New Jersey—had discovered oil and natural gas on the North Slope of Alaska. 

The discovery was made on land astutely selected after statehood by the State of 

Alaska near the Beaufort Sea coast at Prudhoe Bay, at an exploratory well 

designated Prudhoe Bay State No. 1 (Mead 1978).48 

By March 1968, fast-track engineering and economic feasibility studies 

were under way at Humble Pipeline in Houston and at ARCO’s offices in Dallas 

to determine the most cost-effective route and configuration for a pipeline to the 

coastal waters of Southcentral Alaska, where open water accessible to tankers was 

available year-round. In April, the study results were ready, several alternative 

routes were discussed, and a decision was made shortly thereafter to build a 

pipeline from Prudhoe Bay to a marine tanker terminal just outside the town of 

                                                 
48 The summary presented here largely follows Mead. 
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Valdez, near the head of a fjord called Port Valdez in eastern Prince William 

Sound, on the Gulf of Alaska. By July, the Prudhoe Bay reserve was certified at 

an estimated 5 to 10 billion barrels,49 a conservative figure later set officially at 

9.6 billion barrels of oil and 26 trillion cubic feet of natural gas (Mead 1978). 

On September 10, 1969, the State of Alaska opened sealed bids on lease 

tracts in the Prudhoe Bay region, and 1,105 bids totaling more than $1.6 billion 

had been entered. The final award was for 164 tracts totaling 412,453 acres and 

amounting to just over $900 million, an average of $2,182 per acre (Mead 1978). 

Once the leases were final, design and construction by the winning petroleum 

companies and their contractors rushed ahead to establish exploratory wells, 

production units, connecting pipelines, gathering centers, and administrative and 

residential facilities, and to design the large-diameter pipeline and pump stations 

that would initially transport the oil southward 800 miles, across three mountain 

ranges,50 to the tankers that would transport the oil to refineries on the Pacific 

Coast of the United States.        

With the challenges of design for permafrost soils; nearly a thousand 

stream and river crossings; logistics for construction and its support requirements 

in remote, roadless wilderness; and complex, seismically active terrain, building 

the pipeline would not be easy. A dedicated organization was deemed necessary 

to undertake the task. In October 1968, Humble, ARCO, and a third company, BP 

Alaska—a North Slope leaseholder from an earlier (December 1964) sale—

                                                 
49 A barrel of oil is 42 U.S. gallons. 
50 They are, from north to south, the Brooks Range, the Alaska Range, and the Chugach 
Mountains. 
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announced the formation of the organization that would design and build the 

pipeline: the Trans Alaska Pipeline System, or TAPS (Mead 1978). As additional 

companies bought ownership in TAPS, a wholly-owned subsidiary firm, Alyeska 

Pipeline Service Company, was formed to construct and operate the pipeline 

system, and the Trans Alaska Pipeline System now referred to the physical 

infrastructure of pipeline, pump stations, and Valdez Marine Terminal that exists 

today. 

The shining pipeline I first saw in the spring sunlight of 1978 had been 

operating successfully for a year. At that time, it was too soon to know whether 

the pipeline would indeed block caribou migrations, fracture during an earthquake 

despite its ingenious seismic precautionary design, sink into melting permafrost, 

or succumb to any of the other calamities predicted by its opponents. 

By 1999, however, when I began work on the TAPS Environmental 

Report, two decades had gone by, and the time had come for BLM and other 

federal and State of Alaska agencies to evaluate the pipeline system’s record and 

decide whether or not to renew the federal and state rights-of-way for another 30 

years, starting in 2004. I had no doubt that the regulatory agencies would renew 

their lease agreements. It was clear to me that the main factors controlling the 

pipeline’s sustainability were the availability of North Slope oil and the market 

price of that oil. Provided the pipeline continued to be carefully maintained, oil 

remained available, and the price of oil remained high enough to more than cover 

its extraction and transport costs, TAPS would remain profitable and thus 
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sustainable, providing about 20 percent of the nation’s domestic oil supply (TAPS 

Owners 2001). 

Ten years before, on March 24, 1989, the supertanker Exxon Valdez, 

carrying a full cargo of over 470,000 barrels of North Slope crude oil, went off 

course and ran aground on Bligh Reef, in northeastern Prince William Sound, a 

short while after departing the Valdez Marine Terminal. About 240,000 to 

264,000 barrels of oil was spilled, about 10 million to 11 million gallons, making 

this historically the largest oil spill in North America (Gallaway 2001). Even with 

an environmental disaster of that magnitude, however, TAPS continued to 

operate. The overland pipeline itself, which had continuously51 transported oil 

with only minimal mishaps during the preceding 22 years, was still widely 

accepted and uncontroversial, with opinion divided as to whether the 11-million 

gallon marine spill was a shipping accident or a pipeline system failure. 

Nevertheless, I still asked myself what would happen if an accident or sabotage 

resulted in a similarly massive oil release on land. And my opinion was, and 

remains, that the oil would be cleaned up, the pipeline repaired, and operations 

resumed, provided the costs could be adequately covered by the projected future 

revenues from the system. 

Rather than doubt about the renewal itself, the real question was: under 

what conditions would the regulatory agencies renew the TAPS rights-of-way? 

Attached to the federal agreement and grant of right-of-way and to the State of 

Alaska right-of-way lease were sets of general, environmental, and technical 

                                                 
51 The pipeline is shut down for several days each year to allow scheduled maintenance. 



 

160 

stipulations covering every aspect of the system’s construction, operation, 

maintenance, and eventual decommissioning and removal. Apart from eliminating 

most of the construction-related stipulations, it was not at all clear how the 

regulatory agencies would alter the stipulations to cover the next 30 years of the 

system’s operation. For example, would the agencies require a citizens’ regional 

oversight committee for the overland pipeline, modeled on the Cook Inlet and 

Prince William Sound Regional Citizens' Advisory Councils mandated by the Oil 

Pollution Act of 1990 in response to the Exxon Valdez oil spill? Would stricter 

measures be required for leak detection, corrosion prevention, valve maintenance, 

streambank protection, erosion control, and other routine operations and 

maintenance procedures?      

All of these considerations were in my mind as, in December 1999, I 

began to examine the cumulative effects effort that had been undertaken for the 

TAPS Environmental Report. Although the report would not be a NEPA 

document, it was being prepared in the format of an EIS. Its purpose was to 

provide the regulatory agencies with substantive information on the operating 

record of the pipeline system during its first 30 years, and to predict the direct, 

indirect, and cumulative effects, both positive and negative, that were likely to 

result from either the proposed action—renewing the right-of-way leases—or 

from no action: terminating the leases, removing the physical infrastructure and, 

with it, about 1 million barrels per day of the nation’s domestic oil supply. Prior 

to the right-of-way decision in 2004, an EIS would be prepared in accordance 
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with NEPA, and the TAPS Environmental Report52 would, as a part of the public 

record, serve as a source of detailed information for the EIS.53 

When I began work, the team had already identified, on a preliminary 

basis, potential direct and indirect effects, both beneficial and adverse, that were 

likely to ensue either from the right-of-way renewal or, alternatively, from 

termination of the lease. These stages in the impact assessment had gone 

relatively smoothly. Trouble arose, however, when the team began to deal with 

the cumulative effects analysis. 

The main problem was that too many potential cumulative effects were 

being identified—so many, in fact, that there was no feasible way to describe 

them without preparing an unwieldy compendium. The team leader, Dr. Joseph 

M. Colonell, suggested two explanations for this anomaly: first, that the process 

used to consolidate and screen “issues” was not rigorous enough, and second, that 

the proportion of potential cumulative effects evaluated as having moderate or 

high significance, thereby qualifying for written discussion, was too high. In a 

January 21, 2000 memorandum to the team members, he presented a tabulated 

                                                 
52 The TAPS ROW Renewal Environmental Report, publicly released in draft form in 2001, is a 
copyrighted document. The text and tables in this dissertation describing the generic process used 
to prepare the CEA approach for that report are the work of the author and do not represent 
policies or positions of the TAPS Owner Companies. This and other industry environmental 
reports are not formal NEPA documents but, as in this case, are frequently prepared in NEPA 
format to facilitate agency review of proposed projects. The most recent version of the TAPS 
ROW Renewal Environmental Report is currently available at: http://www.tapsrow.com. 
53 The U.S. Department of the Interior, Bureau of Land Management released the Final EIS for 
the Renewal of the Federal Grant for the Trans-Alaska Pipeline System Right-of-Way in 
November 2002. This document is currently available at: http://tapseis.anl.gov. 
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analysis showing that approximately 60 percent of physical and biological issues 

passed through the screening process to be identified as cumulative effects for the 

proposed action (TAPS renewal), and that almost 90 percent of human, that is, 

socioeconomic, issues survived the screening. There was a consensus among the 

team members that the CEA process used, although it closely followed the CEQ 

(1997c) handbook, was not discriminating enough, and that both the number and 

the significance of potential cumulative effects were, for some unknown reason, 

being overestimated. This consensus was based not on evidence, but on the 

professional experience and judgment of the team members, who had an 

aggregate experience of preparing several hundred NEPA documents. In past 

impact assessments, cumulative effects had been, numerically, a relatively minor 

component in comparison to predicted direct and indirect effects, and typically 

only a small percentage of the total number of potential direct, indirect, and 

cumulative effects had satisfied criteria qualifying them as significant. 

Consequently, the team considered the early results of  the TAPS CEA to be 

highly unusual.  

My first impulse was to sit down and re-read the CEQ’s handbook, 

Considering Cumulative Effects under the National Environmental Policy Act 

(CEQ 1997c). I believed that by reviewing and understanding both the principles 

and the analytic steps recommended by the CEQ, I and the team could compare 

them with what had actually been done, and thus discover why the team’s 

approach was not working.  
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In the 1997 CEA handbook, the CEQ articulates eight principles of 

cumulative effects analysis, shown in Table 3. After reviewing the principles and 

discussing them with the team, I believed that, although the principles were 

helpful, the team had been cognizant of them and had proceeded in a manner that 

was fully consistent with them. One of the principles, however, persisted in 

catching my attention: Principle 4. This states that “It is not practical to analyze 

the cumulative effects of an action on the universe; the list of environmental 

effects must focus on those that are truly meaningful” (CEQ 1997c, p. 8). Could 

the cause of the large number of potential cumulative effects be that the team’s 

analysis was too broad? 

This question led to another: What was our starting point? If we were 

scoping our analysis too loosely, it was possible that we were looking at too broad 

a geographic area, too long a time frame, too many resources, or too many 

actions. Inappropriate scoping, therefore, might explain our anomalous results. 

Because the CEQ handbook devotes a chapter to scoping, I re-read it carefully 

and concluded that the team’s geographic and temporal scoping boundaries were 

consistent with the CEQ’s guidance. The geographic scope encompassed three 

study areas: the Alaska North Slope (ANS), where oil was produced and where the 

pipeline began; the Central TAPS region, which was defined as the 800-mile 

north-south corridor across Alaska from the North Slope oilfields to the Valdez 

Marine Terminal (VMT), with the corridor width depending on the particular 

resource being assessed; and VMT/Prince William Sound (PWS), including the 

marine transportation link seaward as far as the open waters of the Gulf of Alaska. 
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Table 3. CEQ Principles of Cumulative Effects Analysis 
1. Cumulative effects are caused by the aggregate of past, present, and reasonably foreseeable future 

actions. The effects of a proposed [or alternative] action on a given resource, ecosystem, and human 
community include the present and future effects added to the effects that have taken place in the past. 
Such cumulative effects must also be added to effects (past, present, and future) caused by all other 
actions that affect the same resource.  

2. Cumulative effects are the total effect, including both direct and indirect effects, on a given 
resource, ecosystem, and human community of all actions taken, no matter who (federal, 
nonfederal, or private) has taken the actions. Individual effects from disparate activities may add up 
or interact to cause additional effects not apparent when looking at the individual effects one at a time. 
The additional effects contributed by actions unrelated to the proposed [or alternative] action must be 
included in the analysis of cumulative effects. 

3. Cumulative effects need to be analyzed in terms of the specific resource, ecosystem, and human 
community being affected. Environmental effects are often evaluated from the perspective of the 
proposed [or alternative] action. Analyzing cumulative effects requires focusing on the resource, 
ecosystem, and human community that may be affected and developing an adequate understanding of 
how the resources are susceptible to effects [i.e., the pathway or mechanism by which the effect is 
produced on the resource]. 

4. It is not practical to analyze the cumulative effects of an action on the universe; the list of 
environmental effects must focus on those that are truly meaningful. For cumulative effects analysis 
to help the decisionmaker and inform interested parties, it must be limited through scoping to effects that 
can be evaluated meaningfully. The boundaries for evaluating cumulative effects should be expanded to 
the point at which the resource is no longer affected significantly or the effects are no longer of interest 
to affected parties.    

5. Cumulative effects on a given resource, ecosystem, and human community are rarely aligned with 
political or administrative boundaries. Resources typically are demarcated according to agency 
responsibilities, county lines, grazing allotments, or other administrative boundaries. Because natural and 
sociocultural resources are not usually so aligned, each political entity actually manages only a piece of 
the affected resource or ecosystem. Cumulative effects analysis on natural systems must use natural 
ecological boundaries and analysis of human communities must use actual sociocultural boundaries to 
ensure including all effects.  

6. Cumulative effects may result from the accumulation of similar effects or the synergistic 
interaction of different effects. Repeated actions may cause effects to build up through simple addition 
(more and more of the same type of effect), and the same or different actions may produce effects that 
interact to produce cumulative effects greater than the sum of the [individual] effects. 

7. Cumulative effects may last for many years beyond the life of the action that caused the effects. 
Some actions cause damage lasting far longer than the life of the action itself (e.g., acid mine drainage, 
radioactive waste contamination, species extinctions).  Cumulative effects analysis needs to apply the 
best science and forecasting techniques to assess potential catastrophic consequences in the future. 

8. Each affected resource, ecosystem, and human community must be analyzed in terms of its 
capacity to accommodate additional effects, based on its own time and space parameters. Analysts 
tend to think in terms of how the resource, ecosystem, and human community will be modified given the 
action’s development needs. The most effective cumulative effects analysis focuses on what is needed to 
ensure long-term productivity or sustainability of the resource.  

Source: CEQ (1997c). Bracketed text added by the author. 
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Because of the TAPS right-of-way lease agreements, the temporal scoping 

was unusually straightforward: from 1974, the start of the first lease agreement, 

through 2034, the expiration year of the proposed lease renewal.  

In addition to establishing the geographic boundaries and time frame for 

the analysis, however, the CEQ handbook includes two other steps in scoping as 

part of an 11-step procedure for CEA, shown in Table 4. Having eliminated steps 

2 and 3 as the culprits, I looked at how the team had dealt with steps 1 and 4. 

Step 1 advises the reader to “Identify the significant cumulative effects 

issues associated with the proposed action and define the assessment goals.” As I 

discussed this instruction with the other team members, it soon became clear that 

none of us knew what it meant. Chapter 2 of the CEQ handbook, “Scoping for 

Cumulative Effects,” explains that: 

Identifying the major cumulative effects issues of a project involves 
defining the following: 
• the direct and indirect effects of the proposed action; 
• which resources, ecosystems, and human communities, are affected, and 
• which effects on these resources are important from a cumulative effects 

perspective (CEQ 1997c, p. 11). 

We found that the first two bullets were ambiguous, because the direct and 

indirect effects of an action cannot be defined in isolation from the resources 

being affected. It made more sense to start with the resources (second bullet) and 

ask, for each, whether and how the proposed action and its no-action alternative 

would affect it (first bullet). This had already been accomplished, because the 

team had predicted the direct and indirect effects on the physical, biological, and 

social resources of the three study areas during an earlier phase of the project. 
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Table 4. CEQ Steps in Cumulative Effects Assessment in Each Component of 
Environmental Impact Assessment (EIA) 

EIA Components CEA Steps 

Scoping 1. Identify the significant cumulative effects 
issues associated with the proposed action and 
define the assessment goals. 
2. Establish the geographic scope for the 
analysis. 
3. Establish the time frame for the analysis. 
4. Identify other actions affecting the resources, 
ecosystems, and human communities of 
concern. 

Describing the Affected Environment 5. Characterize the resources, ecosystems, and 
human communities identified in scoping in 
terms of their response to change and capacity 
to withstand stresses. 
6. Characterize the stresses affecting these 
resources, ecosystems, and human communities 
and their relation to regulatory thresholds. 
7. Define a baseline condition for the resources, 
ecosystems, and human communities.   

Determining the Environmental 
Consequences 

8. Identify the important cause-and-effect 
relationships between human activities and 
resources, ecosystems, and human 
communities. 
9. Determine the magnitude and significance of 
cumulative effects. 
10. Modify or add alternatives to avoid, 
minimize, or mitigate significant cumulative 
effects. 
11. Monitor the cumulative effects of the 
selected alternative and adapt management [that 
is, alter the management in ways that reduce 
adverse cumulative effects.] 

Source: CEQ (1997c). Bracketed text added by the author. 
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To accomplish the third bulleted instruction for Step 1, the team concluded 

it would first be necessary to complete Step 4, “Identify other actions affecting the 

resources, ecosystems, and human communities of concern.” We could not 

determine which direct and indirect effects would be important “from a 

cumulative effects perspective” until we had identified past, present, and 

reasonably foreseeable future actions, other than the proposed action and its 

alternative(s), that were affecting, or could affect, the same resources. The reason 

was that without that information, we would not be in a position to determine 

whether cumulative effects were occurring in the first place. Step 4, we 

concluded, was out of sequence. Moreover, it was not clear what was meant by 

“define the assessment goals,” the second part of Step 1. 

Although the handbook text was helpful in a general way, the team 

continued to have difficulty interpreting ambiguities in the 11 steps of the CEQ’s 

analytic sequence, shown in Table 4. There was strong agreement that a more 

explicitly logical and unambiguous sequence was needed, listing step-by-step the 

procedures a NEPA practitioner would actually follow to complete a CEA. As 

work continued, therefore, the sequence of analytic steps was modified and 

adjusted to fit the thought processes and work pattern that the team actually 

followed to conduct the CEA. In this way, the team’s effort to follow the CEQ 

handbook constituted an empirical test of the handbook’s logic and practical 

applicability. By the end of the effort, the steps shown in the right-hand column of 

Table 5 had emerged as an accurate representation of the process actually used to 

perform the CEA. 
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 Table 5. Comparison of CEQ Steps and the Modified Sequence Used for the TAPS 
Right-of-Way Renewal Environmental Report (TAPS Owners 2001) 

Recommendations from CEQ (1997c) Approach Used in TAPS Report (Senner 2001) 
A. Scoping: Identify Issues, Actions, and Boundaries 

1. Identify the significant cumulative effects issues 
associated with the proposed action and define 
the assessment goals. 

1. Review the predicted direct and indirect effects of 
the Preferred and No Action alternatives on the 
physical, biological, and social environments. 

2. Establish the geographic scope for the analysis. 2. Geographic scope divided into three regions: 
Alaska North Slope, Central TAPS, and 
VMT/Prince William Sound. 

3. Establish the time frame for the analysis. 3. Time frame established as 1974 through 2034. 
4. Identify other actions affecting the resources, 

ecosystems, and human communities of concern. 
4. Review past environmental impact statements, 

environmental reports, and the peer-reviewed 
literature to identify actions and issues of concern. 

 5. Interview private and federal, state, borough, and 
local agency personnel to determine potential 
future actions that have received preliminary 
agency notice or review, and to identify new or 
emerging issues of concern. 

B. Organizing: Characterize and Consolidate Issues 
5. Characterize the resources, ecosystems, and 

human communities identified during scoping in 
terms of their response to change and capacity to 
withstand stresses. 

6. Organize identified issues hierarchically by: 
a. Preferred or No Action alternative 
b. Resource category 

6. Characterize the stresses affecting these 
resources, ecosystems, and human communities 
and their relation to regulatory thresholds 

7. Identify and document issues relating to physical, 
biological, and social features and to laws, 
regulations, permits, and stipulations.  

7. Define a baseline condition for the resources, 
ecosystems, and human communities. 

8. Consolidate similar issues. 
 

 9. Explain baseline conditions and impact pathways. 
C. Screening: Identify Potential Cumulative Effects 

8. Identify the important cause-and-effect 
relationships between human activities and 
resources, ecosystems, and human communities. 

10. From the consolidated issues, identify potential 
cumulative effects of the Preferred and No Action 
alternatives.  

D. Evaluating: Rank by Magnitude and Probability 
9. Determine the magnitude and significance of 

cumulative effects. 
11. Using appropriate evaluation criteria, rank 

potential cumulative effects by magnitude and 
probability, using a matrix to show the 
approximate risk associated with each. 

E. Mitigation and Adaptive Management: Modify Alternatives, Monitor, and Adapt Management 
10. Modify or add alternatives to avoid, minimize, 

or mitigate significant cumulative effects. 
It was stated that the alternatives would be in full 
compliance with laws, regulations, permits, and 
stipulations, and would  incorporate mitigation 
measures as appropriate. 

11. Monitor the cumulative effects of the selected 
alternative and adapt management. 

In this case, monitoring was beyond the scope of the 
report. 
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The sequential approach described in Table 5 can be compared to a series 

of filters or meshes, each one finer than the one before. Whereas the CEQ’s 

recommended procedure is divided into three major categories, Scoping, 

Describing the Affected Environment, and Determining the Environmental 

Consequences (CEQ 1997c, Table 1-5, p. 10), the modified version had four such 

categories: Scoping, Organizing, Screening, and Evaluating. In a step-by-step 

process, the analysis progressed from broad scoping, through classifying and 

consolidating, to the selective screening and capture of potential cumulative 

effects. Finally, the effects were evaluated, discussed, and presented in a matrix. 

To perform the 11 steps in this process, techniques were required that 

could be easily understood and followed. This is important because each analytic 

step formed a premise on which the next step was based. If something was wrong 

in an early step, it could affect all of the following steps and, ultimately, the 

conclusions. 

The following descriptions briefly explain how each stage in the analytic 

process was conducted to ensure that the next step would be on a solid footing. 

SCOPING 

Step 1: Review predicted effects of the alternatives. The first step in the 

analysis was to review the predicted direct and indirect effects of the proposed 

action (lease renewal) and the single alternative (no action) on the physical, 

biological, and social components of the environment. These analyses had already 

been completed on a preliminary basis, and the results were available to the CEA 

team. As will almost always be the case in a NEPA-based analysis, the 
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assessments of the predicted direct and indirect effects of the proposed action had 

to be completed first, before the cumulative effects component could begin. This 

is because cumulative effects are produced by the interaction of the direct and 

indirect effects of an action with past, present (ongoing), or reasonably 

foreseeable future human actions and natural events external to the proposed 

action and its alternatives. 

In the case of the TAPS Environmental Report, starting the CEA analysis 

with the direct and indirect effects, which had already been predicted during the 

immediately preceding stage of the project, served to focus the team’s attention 

on specific factors that could add to, or interact with, the identified direct and 

indirect effects. In addition, the prediction of direct and indirect effects required 

all of the potentially affected physical, biological, and social resource components 

to be identified. As a consequence, these were already known at the start of the 

CEA analysis. Again, this will almost always be the case in a NEPA-based 

analysis.  

It is important to note, however, that the initial scoping process, involving 

stakeholders, regulatory agency representatives, and the general public, must be 

aware of, and look for, concerns not only about direct and indirect effects, but 

also potential cumulative effects. Then the direct, indirect, and cumulative effects 

assessments can proceed, in that order. 

The team compiled preliminary databases and spreadsheets that listed all 

of the predicted direct and indirect effects, beneficial and adverse, of both 
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alternatives by physical, biological, and social categories. An example of the 

direct/indirect effects tables is presented in Appendix C. 

Step 2: Establish geographic scope. The key to establishing the 

geographic scope for a CEA analysis is to base it on the attributes of the resource 

components. The team determined that for the physical and biological resource 

components, the geographic scoping used for the prediction of direct and indirect 

effects of the proposed action and its alternative would be equally appropriate for 

the cumulative effects analysis. This is not always so. In this case, however, the 

impact mechanisms for predicted physical and biological effects, whether direct 

or indirect, were not dispersed enough to produce notable influences beyond the 

airshed, lands, waterbodies, and surrounding marine environment of Alaska, with 

the exception of special cases such as atmospheric changes or a tanker accident on 

the high seas. For social resource components, however, the analysis was left 

open-ended enough to accommodate economic influences on market 

environments outside of Alaska. 

Step 3: Establish time frame. The CEQ definition (40 CFR 1508.7) and 

principles of cumulative effects analysis (Table 3) specify that past effects of 

actions must be considered along with present and predicted ones. In addition to 

the forward-looking projection of the proposed action from 2004 to 2034, the 

term of the right-of-way lease that was eventually renewed, it was necessary to 

look back to construction startup in 1974 to take into account the three decades of 

TAPS construction, operation, and maintenance under the original lease 

agreement. Before 1974, the land crossed by the pipeline was pristine wilderness 
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and represented the “Naturally occurring condition” specified by the EPA’s  CEA 

guidance (EPA 1999, p. 14), discussed below. Therefore, the time frame for the 

cumulative effects analysis was defined as the 60-year period from 1974 through 

2034. This considerable sweep of time was divided almost equally between past 

and future, and thus between the documentation of past effects and the prediction 

of future outcomes. 

Because the pipeline system had been operating continuously since 1977, 

there was a reliable basis for projecting the probable future effects of its 

uninterrupted continuation. Also, the proliferation of Alaska North Slope oilfields 

had occurred during approximately the same time frame as TAPS construction 

and operation, and the environmental effects of North Slope petroleum 

development had been extensively documented. From the standpoint of 

cumulative effects involving North Slope petroleum production, therefore, the 

1974-2034 time frame was considered appropriate, although earlier environmental 

effects of exploration on the National Petroleum Reserve-Alaska (NPR-A) and 

east of the Prudhoe Bay oilfield were also taken into account. 

Step 4: Review other actions and their documented or potential 

environmental effects. Many documents were examined to identify past and 

current actions and issues that could contribute to cumulative effects of the 

proposed action and the no-action alternative. These included EISs and EAs, 

agency monitoring reports, scientific and technical articles published in peer-

reviewed journals, and the “gray literature”: a wealth of reports documenting 

studies conducted by government, industry, and consultants during the past 30 
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years and more. The documents reviewed included the original EIS for TAPS, so 

that impact issues predicted prior to TAPS construction and operation could be 

captured. Identified issues and actions of concern were tabulated in the databases 

and spreadsheets for physical, biological, and social categories already started in 

Step 1. The document source for every identified issue was cited, and these 

citation tags accompanied the issues through every subsequent stage of the 

analysis. 

Step 5: Interview knowledgeable people. Representatives of federal and 

state agencies and local jurisdictions were interviewed to identify development 

plans that had come to their attention. Agency representatives are typically well 

informed about projects proposed by the private sector, because agency review 

and approval, through permitting and other means, is usually required before such 

actions can proceed. Similarly, staff of the North Slope petroleum producers and 

of the pipeline operator were interviewed to identify planned oil and gas projects. 

Agency and industry representatives were also interviewed to identify recent or 

emerging environmental issues that had not yet been captured in the literature. 

These issues were cited as personal communications and added to the compiled 

data. 

ORGANIZING 

Step 6: Determine the structure of the analysis. The cumulative effects 

analysis was organized first by alternative (proposed action or no action), then by 

region (Alaska North Slope, Central TAPS Study Area, VMT/Prince William 

Sound), and finally by type of issue (physical, biological, social). This approach 
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acknowledged the major differences among the three regions and allowed each 

region to be discussed cohesively with respect to its distinctive and sometimes 

unique physical, biological, and social characteristics. 

Step 7: Tabulate environmental issues. Master Issues Tables were 

prepared for physical, biological, and social issues, using information gathered in 

Steps 1, 4, and 5 (Appendix C). The issues included beneficial and adverse 

environmental effects associated with TAPS construction, operation, and 

maintenance, and with Alaska North Slope oil and gas development. All were 

documented with respect to the original information sources and were organized 

into categories that would facilitate consolidation of similar issues in Step 8. 

Step 8: Consolidate similar issues. From the Master Issues Tables, 

similar issues were consolidated into general statements to make further analysis 

more convenient. Citations for the individual issues were retained with the general 

statements, so that each of the consolidated issues stayed linked to its original 

information source(s). 

Step 9: Characterize resources, impact pathways, relevant regulatory 

factors, and mitigation. The assessment team recognized that it was not 

sufficient merely to state an issue in a consolidated form consisting of a single 

sentence. Detailed characterization of every issue, however, was beyond the scope 

of the report. Therefore, the team waited until all of the consolidated issues were 

screened in Step 10 to determine which were potential cumulative effects and, 

therefore, appropriate for further characterization and detailed discussion. After 

the potential cumulative effects were identified, each was characterized with 
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respect to magnitude, probability, and associated risk; supporting evidence; 

baseline information if available; impact pathways; laws, regulations, or 

stipulations where pertinent; and mitigation opportunities. The original template 

used to facilitate consistency among the analysts for physical, biological, and 

social resources is presented in Appendix C. 

SCREENING 

Step 10: Identify potential cumulative effects of the alternatives. Each 

consolidated issue was entered in a matrix and screened to determine whether it 

qualified as a potential cumulative effect, using the steps shown schematically in 

Figure 1. The screening matrix was used to apply the following sequence of 

criteria: 

• Did the effect occur in the past? 

• Is the effect occurring now? 

• Has the effect been fully mitigated? 

• Could the effect occur in the future? 

• If adverse, is the effect unavoidable? 

• Is this a potential cumulative effect? 

• If no, why not? 

• If yes, in combination with what actions? 

• How adequate are the evaluation data, in terms of quality and quantity? 

The CEQ’s Step 10, in the left column of Table 5, indicates that 

alternatives should be modified or added to “avoid, minimize, or mitigate 

significant cumulative effects.” The team noted that either alternative would be in 
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full compliance with laws, regulations, permits, and stipulations, and would 

incorporate mitigation measures. 

 

 
Source: Prepared by the author for the Draft TAPS Right-of-Way Renewal 
Environmental Report (Copyright 2001 Trans Alaska Pipeline System Owners) 

 

Although the screening process yielded potential cumulative effects, it did 

not address their magnitude, probability, or level of risk relative to the proposed 

or no-action alternative. In other words, all of the screened cumulative effects at 

this stage were equivalent and could not be weighed against one another. The 
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final stage of evaluating the potential cumulative effects, and suggesting an 

approximate level of risk that might be associated with each, was completed in 

Step 11. 

EVALUATING 

Step 11: Organize, evaluate, and rank potential cumulative effects. 

Once the potential cumulative effects of a proposed action and its alternatives 

have been identified through the screening process described above, they must be 

organized, evaluated, and ranked. This is necessary so that readers and 

decisionmakers can compare the various alternatives with respect to the risks they 

pose, and use this knowledge to make an informed judgment. Evaluating and 

ranking are the most challenging part of the cumulative effects analysis process, 

for the following reasons: 

• There is no single, widely accepted method for ranking any type of 

potential environmental impacts, whether direct, indirect, or cumulative. 

• Guidance on determining the magnitude and significance of cumulative 

effects provided by the CEQ handbook, while pertinent and useful, 

leaves the specific approach up to the analyst (CEQ, 1997c, pp. 41-45). 

Appendix A of the CEQ handbook suggests a wide range of analytic 

methods, but none applies directly to evaluating and ranking cumulative 

effects relative to one another. 

• An extensive review of previous EISs and EAs confirmed that the 

literature yields no consistent pattern or consensus on methods for 

ranking or writing about cumulative effects. Lacking this precedent, the 
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analyst must select or devise the method to be used when undertaking 

each new cumulative effects assessment, as consistent with the CEQ 

guidance cited above. 

• Because context is so important in evaluating cumulative effects (CEQ, 

1997c, p. 44), the significance of a potential effect will depend on the 

unique circumstances (history, geographic setting, characteristics of 

human communities and ecosystems, etc.) of the project under 

consideration. Consequently, a one-size-fits-all approach is not likely to 

work well. 

• Criteria for ranking cumulative effects must also vary by environmental 

component. In this case, the criteria for ranking cumulative effects of 

the proposed and no-action alternatives must depend on whether the 

effect relates to the physical, biological, or social component of the 

environment. This situation becomes even more complicated when a 

potential effect relates to more than one component. For example, the 

significance of a predicted decline in a local moose population may be 

low or moderate from a biological standpoint, but high from a social 

standpoint if local residents depend on the moose for subsistence. 

Given these considerations, we made two decisions. First, it was essential 

to adhere closely to CEQ guidance regarding significance as a function of context 

and intensity. We decided, therefore, to adapt an approach presented by McMillen 

(1993) that focuses expressly on these two factors. McMillen interprets the 

context and intensity of potential impacts (whether direct, indirect, or cumulative) 



 

179 

using four criteria: magnitude, geographic scope, frequency or duration, and 

probability. Our team defined the first three criteria differently for physical, 

biological, and social resources, depending on the professional judgment of the 

subject specialists responsible for them. The fourth criterion, probability, was also 

a matter of professional judgment. 

The second decision was to present our significance determinations in 

terms of risk. We did this for two reasons. First, one of the primary considerations 

facing decisionmakers is the degree of risk inherent in approving a policy or 

action. By interpreting the significance of a potential environmental impact in 

terms of its attendant risk, the relevance of the impact and its implications to the 

decisionmaker is emphasized. Also, the sponsors of the Environmental Report 

were pipeline managers accustomed to risk assessment, and they saw an added 

value in bringing the concept of risk into the CEA presentation.   

Consequently, our intent was to evaluate each potential cumulative effect 

in its own specific context, in terms of magnitude, geographic extent, frequency 

and/or duration, and the probability that the effect would actually occur. Intensity 

was evaluated as low, moderate, or high in terms of the first three criteria, and 

probability (again low, moderate, or high) was estimated by professional 

judgment. In this way, each potential cumulative effect was ranked by intensity 

and probability, and these two rankings together would suggest the amount of risk 

(low, moderate, or high) associated with the effect. 

Significant outcomes were defined as those presenting a relatively high 

level of risk: (a) high intensity/high probability, (b) high intensity/moderate 
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probability, or (c) moderate intensity/high probability. Finally, the results could 

be presented in a simple matrix format, or Boston square, that would allow the 

reader to assess at a glance the distribution of potential cumulative effects and 

which ones might pose the greater risk. This approach, adapted from a matrix 

used by Muhlbauer (1996) in a simple risk assessment model discussed below, is 

shown conceptually in Figure 2. 
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Figure 2. Use of a simple matrix to show the distribution of potential 

cumulative effects (*) when ranked by Intensity and Probability. The relative risk 
posed by each effect is suggested to approximate Intensity X Probability, and to 
increase toward the upper right portion of the matrix. Effects that fall in the 
shaded areas are defined, for the purpose of this analysis, as significant, meaning 
that they pose greater risk. Adapted from Muhlbauer (1996), p. 12. (Copyright 
2001 Trans Alaska Pipeline System Owners) 
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DISCUSSION 

The approach developed from November 1999 through July 2000 for the 

TAPS Environmental Report eliminated the problems of disproportionately large 

numbers of cumulative effects and significant effects first encountered by the 

team and was our first step toward a standardized CEA method. It is important to 

re-emphasize that by standardized, I refer only to an orderly and transparent 

analytic sequence of scoping, organizing, screening, and evaluating, not to the 

technical methods used to predict or evaluate potential cumulative effects. For 

example, Kennedy (2002) and Canter (1997) describe a variety of analytic 

methods useful for CEA, and Appendix A of the CEQ (1997c) handbook presents 

examples of 11 different methods: 

• questions, interviews, and panels; 

• checklists; 

• matrices; 

• networks and system diagrams; 

• modeling; 

• trends analysis; 

• overlay mapping and geographic information systems (GIS); 

• carrying capacity analysis; 

• ecosystem analysis; 

• economic impact analysis; and 

• social impact analysis. 
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All of the above, and many others, are equally compatible with the 

methodological sequence discussed in this dissertation; in other words, the 

approach described here occurs at a higher level of organization and does not 

determine or influence the suite of analytic tools to be used at the technical level 

of impact assessment. 

Determining Significance 

Evaluating the significance of  potential direct, indirect, or cumulative 

effects is one of the most confusing aspects of environmental impact assessment. 

The CEQ regulations implementing NEPA define significance in terms of both 

context and intensity (40 CFR 1508.27). Context is a matter of scale, affected 

region, affected interests, local features, and similar considerations. Because of 

this, significance will vary with the setting of a proposed action or alternative. 

Intensity refers to the severity of the impact and can depend on many factors, such 

as the degree to which the impact would threaten public health or safety, the 

degree of uncertainty or risk involved, and whether the effect would violate a law 

or standard. Because significance is defined so broadly and variously in the CEQ 

regulations, its determination is notoriously difficult unless the significance 

criterion is established and agreed upon in advance, and unless a clear threshold 

can be established and the impact quantified relative to the threshold. It is not 

always feasible to achieve these advantages. 

As discussed above in Step 11, our team encountered the challenge of how 

to rank—that is, evaluate the significance of—potential cumulative effects. In 

essence, there should be no difference between the criterion of significance for a 
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direct or indirect effect and for a cumulative effect, as long as the resource 

component is the same. This is because significance criteria are determined by the 

characteristics of the specific resource component in question. In part, this is what 

the CEQ regulations mean by context. For example, the carrying capacity of 

caribou habitat might be a relevant significance criterion for caribou, whereas the 

exceedance of a federal toxic pollutant standard might be a relevant criterion for 

water quality. Whether the mechanism allowing a caribou population or toxic 

pollutant to attain its respective significance threshold is through a direct, indirect, 

or cumulative effect, the measurement or estimation of significance would be the 

same. 

In the case of the TAPS Environmental Report, the client was accustomed 

to risk assessment for pipelines, and the subject of the report was a pipeline 

system. For this reason, I adapted our approach from Muhlbauer’s (1996) risk 

assessment model. In addition, I believed that emphasizing the degree of risk 

associated with potential cumulative effects—that is, substituting risk for the 

conventional significance—would be helpful to regulatory agency representatives 

in weighing the conclusions of the report, and this was confirmed during ongoing 

routine consultation with the agencies. Because our approach to evaluating 

potential cumulative effects involved substantial thought, I discuss it here at some 

length so that the main considerations are captured in this dissertation. 

The NEPA literature contains many workable approaches to ranking 

environmental impacts and assigning levels of significance. For example, both 

March (1996) and McMillen (1993) emphasize the central importance of 
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significance in good NEPA practice, and both provide systematic frameworks for 

establishing the significance of potential effects in terms of context and intensity, 

in compliance with CEQ regulations (40 CFR 1508.27). 

March’s Approach      

March’s approach determines significance by applying seven specific tests 

in a specific sequence, with each step serving as a threshold test in the context of 

the particular criterion being applied: environmental receptors, activities that 

might affect the receptors, legal compliance, risk/uncertainty, cumulative effects, 

establishment of a precedent, and controversy. I found, however, that March’s 

approach does not provide an explicit method for putting all seven test results 

together and reaching a conclusion about the overall significance of the potential 

effect. He states: 

DOE’s practice, in effect, requires that the forms of evidence in support of 
significance findings be defined by a professionally knowledgeable group 
of persons taking into account all context and intensity factors, and 
responding to the criterion stated in [CEQ scoping regulation 40 CFR] 
1500.1 (b). We recommend that all NEPA document planning include a 
similar early step in which the form and scope [of] evidence in support of 
significance determinations are to be specified in detail (March 1996). 

The March approach, therefore, does not specify what to do with the test 

results once they are in hand, other than to apply professional judgment to this 

question at the beginning of the process, during scoping. In particular, no system 

or technique is provided by which to weigh, compare, or otherwise combine the 

seven test results to produce an outcome that will be readily understandable, 

resistant to misinterpretation, and widely acceptable. In this regard, March’s 
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recommended method, while closely compliant with the CEQ regulations and 

providing excellent guidance on criteria of significance, requires further 

development with regard to closure. 

McMillen’s Approach 

McMillen explicitly recognizes the problem raised by March’s paper: 

what to do about multiple significance criteria. “In reality,” he writes, “any 

number of criteria can be used in the significance assessment. However, the more 

criteria used the more difficult it is to develop the test used to identify the degree 

of magnitude of the impact (McMillen 1993, p. 199) . 

The problem is that as criteria are systematically applied, the question of 

how to integrate them in a way that makes sense becomes increasingly 

complicated. McMillen’s solution is to apply four fundamental criteria of 

significance: magnitude, geographic extent, duration and/or frequency, and 

likelihood, consistent with the subsequently published CEQ handbook (CEQ 

1997c). These criteria are applied through a series of questions with yes/no 

answers. The questions are given different weights, depending on their 

importance in the view of the practitioner. Again, these weights are an example of 

what the CEQ regulations mean by context. For example, a question about human 

health or safety is given greater weight than a question relating to violation of a 

permit. The sum of the weighted “yes” responses is then used to determine 

whether the impact rating for a particular criterion is high, medium, or low. 

In the McMillen method, the potential effect being analyzed thus receives 

four ratings, one each for magnitude, geographic extent, duration and frequency, 
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and likelihood. Each of these four ratings can be high, medium, or low. After this, 

the final step is to combine the four ratings to achieve a final score for 

significance: also high, medium, or low. McMillen is not explicit, however, about 

how the score for significance should be determined, and he does not discuss this 

aspect of his method. He does present a table (McMillen 1993, Table 1-2, p. 202) 

that shows “Criteria for Determining Significant Adverse Biological Impacts,” 

and it is apparent that this table incorporates a weighting system that gives 

priority to magnitude. But the nature of the weighting system, and the underlying 

rationale for giving priority to magnitude, are not explained.  The final ranking for 

significance clearly must depend on the relative weights as well as the relative 

scores given to the four criteria, but the reasoning behind the weighting is not 

discussed. 

Working with different disciplinary specialists on the team, I tested the 

McMillen method in an early draft of the TAPS Environmental Report CEA. All 

of the team members found it convenient and easy to apply: a major advantage. 

However, two difficulties were encountered. First was the issue of transparency: 

using McMillen’s method, the thought processes that went into the impact ratings 

for each of the criteria were not available to the reader. Although each potential 

cumulative effect was given a rating with respect to magnitude, geographic 

extent, frequency/duration, and likelihood, the reason for each rating, based on the 

practitioner’s judgment, was not documented. Without this additional explanatory 

text, the reader would have no way to determine why each potential cumulative 

effect was rated as it was. If the reader questioned a conclusion, there would be no 
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way to examine the professional judgment that led to it. As noted in the preceding 

paragraph, a related transparency problem in McMillen’s method was the lack of 

explanation regarding how the ranking system for significance was structured, 

particularly with respect to the weighting of criteria. 

A second concern was that likelihood, or the probability that a cumulative 

effect would indeed occur, seemed to be fundamentally different from the 

intensity-related criteria of magnitude, geographic extent, and frequency/duration. 

In other words, the consequence of an event, in terms of its size, scope, and 

duration, was a qualitatively different question from how likely the event was to 

occur. Yet the McMillen method essentially conflated the two concepts in an 

additive system. 

Because these two fundamental characteristics—intensity and 

probability—are what really matter in assessing the overall significance of an 

impact, I chose an alternative approach. In our method, intensity (based on the 

context of magnitude, geographic extent, and frequency/duration) and probability 

were ranked separately (low, moderate, or high), and the two rankings weighed 

against each other to suggest the significance of a potential cumulative effect. In 

this way, I relied heavily on the systematic clarity of the McMillen approach but 

developed a new method that has much in common with the separate but allied 

discipline of risk assessment. 
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Muhlbauer’s Risk Model 

In his Pipeline Risk Management Manual, Muhlbauer (1996) presents a 

basic model in which the risk of a proposed action or policy can be defined by 

answering three questions: 

• What can go wrong? 

• How likely is it? 

• What are the consequences? 

These questions suggest a parallel approach to assessing the significance 

of potential environmental impacts. Taken in order, they identify the potential 

impact, assess its probability, and describe its intensity. Answering the first 

question, “What can go wrong?”, is equivalent to stating the nature of the 

potential environmental effect. The second item, “How likely is it?”, is a 

straightforward query about probability. And the third question, “What are the 

consequences?”, really asks what the intensity of the potential impact would be, in 

the context of relevant factors such as McMillen’s magnitude, geographic scope, 

and frequency or duration. Thus the Muhlbauer model presents a clear and simple 

framework for assessing environmental effects, whether direct, indirect, or 

cumulative, that corresponds closely to the guidance presented in the CEQ 

handbook (CEQ 1997c).  

If not taken to extremes, parallels between risk assessment and 

environmental impact assessment can extend to useful similarities between risk 

and significance. A standard way of evaluating risk is to define it as a function of 

consequence and likelihood, where: 
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R = risk; 

C = consequence;  

L = likelihood; and 

R = CL. 

This suggests the parallel approach used in our analysis, where: 

S = significance; 

I = intensity; 

P = probability; and 

S = IP.  

 

Muhlbauer presents a simple hazard matrix, or Boston square, that 

provides a framework for assessing relative risk, based on consequence and 

likelihood (Figure 3). In this model, the more important risks are those with 

higher consequences and higher probability. The advantage to the reader is that 

the matrix allows a rapid grasp of how the issues are distributed, and which ones 

should be of greater concern. Consequently, we adapted Muhlbauer’s approach 

and developed the analogous matrix based on intensity and probability shown 

previously in Figure 2. 
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Figure 3. Muhlbauer’s hazard-consequence-likelihood matrix. In this 

case, the asterisks represent potential incidents. Each potential incident is ranked 
by consequence and likelihood, and these two parameters, taken together, 
represent risk. The shaded areas contain potential incidents that pose the greater 
risk. Adapted from Muhlbauer (1996), p. 12. 

 

The Question of Objectivity 

Finally, in developing an improved CEA method, the question of 

objectivity versus subjectivity had to be addressed. This became apparent to me as 

I observed professional judgment being used to evaluate potential cumulative 

effects with respect to intensity and probability. There was frequent disagreement 

among the analysts, and the evaluation sometimes represented a compromise 

more than a consensus. I learned several lessons in this regard that were 
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instrumental to the subsequent refinements described in Chapter V. First was the 

importance of a systematic and explicit method with clearly defined criteria and 

replicable procedures. McMillen is particularly eloquent on this point: 

Without a well conceived methodology, the defensibility of the document 
reverts back to the subjective instincts of the analyst (i.e., professional 
judgment). In which case, if the results of the analyses are disputed, the 
personal integrity/judgment of the analyst is directly contested. On the 
other hand, when a methodology is contested, the result is usually an 
improvement in the methodology, aided by the person or organization that 
took issue with it (i.e., they point out what is wrong and allow for 
corrections/improvements to be made). When personal judgment is 
contested, the result is at best a damaged ego, and possibly a destroyed 
reputation. Given this, the analyst’s choice concerning whether or not to 
use an explicit methodology should be self evident (McMillen 1993, p. 
197). 

Even in the most structured and methodical analysis, however, one cannot 

achieve total objectivity: professional judgment will come into play at some point. 

Although McMillen emphasizes the importance of developing quantitative (as 

well as qualitative) criteria in ranking magnitude, geographic extent, 

frequency/duration, and likelihood, professional judgment is still required. He 

provides a hypothetical example in which he uses percentages of allowable 

harvest levels for certain game species to rank the magnitude of the harvest 

impact as low, moderate, or high. However, even after extensive research to 

establish game population estimates, determine allowable harvest levels, and 

compile harvest data, the analyst must still decide what ranges between 0 percent 

and 100 percent equate to low, moderate, and high levels of magnitude (McMillen 

1993, p. 201).  
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Along with professional judgment, there will always be predictive errors 

inherent in assessing the direct, indirect, or cumulative effects of any proposed 

action or alternative. We concluded that the important goal is to achieve a spirit of 

objectivity, in which the analyst does everything possible to be objective and to 

base conclusions on documented evidence, but is self-consciously aware of the 

subjective and uncertain components of the analysis and points them out to the 

reader. The goal therefore, is to be orderly, methodical, explicit, and transparent—

but not objective in any absolute sense. 

On the basis of these lessons, I concluded that the best approach for the 

TAPS Environmental Report was to develop measurable criteria for ranking, 

employ professional judgment in applying the criteria, and—most important—

explain to the reader the logic and rationale used to determine each ranking. With 

this approach, the reader might disagree with a conclusion but would always be 

able to trace it back to a specific statement explaining the reasons for that 

conclusion. In other words, the thought processes behind each ranking would be 

made explicit so that the reader could judge their validity. This combination of a 

methodical, easy-to-apply approach along with a clear explanation of the context 

for each evaluation worked well for the TAPS Environmental Report, but further 

refinement was still needed to reduce the role of professional judgment and 

increase the transparency of the CEA. Opportunities to make these refinements 

would come, as explained in Chapter V.   
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Conclusion 

The task of preparing the CEA for the TAPS Right-of-Way Renewal 

Environmental Report (TAPS Owners 2001) gave our team the ability to become 

immersed in cumulative effects concepts and methods, understand the challenges 

of devising an effective CEA approach, and follow through by developing a 

workable prototype CEA method based on a thorough reading of the literature and 

sustained thinking about the problem. In the course of that effort, we found that 

the CEQ (1997c) handbook, while helpful, was ambiguous in many places, and 

that substantial time and thought were required to follow the handbook’s 

guidance. This led our team to develop a modified approach, based on and 

consistent with the CEQ guidance, but reflective of the sequence of steps an 

experienced NEPA practitioner might actually take in conducting a CEA. 

Despite this progress, the CEA approach in the TAPS Environmental 

Report had a major disadvantage: because the Environmental Report was not a 

NEPA document, but instead a submittal by the TAPS owner companies, public 

involvement was weak. The preparers, including our team, did consult agency 

representatives and resource specialists in academia and the private sector, but 

scoping, public meetings, and public review and comment were lacking. This 

means that the TAPS Environmental Report was not an adequate test of our CEA 

methodology, and that the potential for the sustainability of TAPS during the 

proposed 30-year lease renewal period, at least from the standpoint of stakeholder 

participation and acceptance, could not be ascertained. Because a forthcoming 

EIS on the lease renewal question would include a full public involvement 
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process, however, the lack of stakeholder participation in the Environmental 

Report was not considered a problem. 

In addition, the screening process needed refinement, because the large, 

unwieldy spreadsheets developed and used for screening did not provide the 

transparency required for a standard method (Appendix C). Although these 

spreadsheets included explanatory information, the truncated statements in the 

individual cells were somewhat cryptic, and they were confined to appendices. 

The decision rationale for the evaluation of each potential cumulative effect was 

presented in the text, but the explanation was typically so well balanced, and had 

so many caveats and provisos, that the reader would not necessarily see a clear 

and definitive statement explaining the decision.   

I also believed that the intensity/probability approach used to display the 

ranked cumulative effects in a single matrix would not, by itself, be sufficient for 

use in NEPA documents, except as an insightful summary illustration. This is 

because the adequacy and usefulness of a NEPA document, both technically and 

legally, depend on the degree to which it presents the process leading to its impact 

evaluations, including the significance criteria and the relationship of each 

identified impact to its particular significance threshold. 

I concluded that a more systematic and transparent CEA methodology 

would be required, and that it would be most useful to solicit the help of 

regulatory experts on the NEPA process. With this in mind, I received corporate 

support to organize and conduct a CEA workshop with agency representatives, 

with the goal of producing a more systematic and transparent method for 
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conducting and communicating the results of assessments. And just as the 

workshop was being organized, our team received a major new opportunity to 

refine and test our CEA approach in a major Programmatic EIS. Chapter V 

describes how these refinements were made and publicly tested under intense 

legal and technical scrutiny and with extensive stakeholder participation. 
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CHAPTER V: REFINING AND TESTING THE METHOD 

After completing the cumulative effects assessment (CEA) for the TAPS 

Right-of-Way Renewal Environmental Report, I received two crucial 

opportunities to refine and test the methodology. The first was the opportunity, 

starting in May 2000 and continuing until August 2004, to design and implement 

the CEA methodology for a major Programmatic Supplemental EIS (PSEIS) that 

would frame the future management policy for the world’s largest commercial 

fisheries: the federally administered Bering Sea and Gulf of Alaska groundfish 

fisheries. The second was the opportunity to organize and lead a CEA workshop 

with NEPA regulatory specialists on November 6, 2001. This brought together 

key Alaskan agency representatives for a day to focus solely on critiquing and 

strengthening our CEA methodology. 

As discussed in the preceding chapter, the CEA developed for the TAPS 

Environmental Report had two main weaknesses. First, the TAPS Environmental 

Report, which was not a NEPA document, did not constitute an adequate test of 

the CEA methodology because stakeholder participation through public 

involvement was missing. And although representatives of resource and 

regulatory agencies were consulted on the technical subjects of the Environmental 

Report, they were not involved in developing the CEA approach. 

 The second main weakness was that the presentation of results was not 

transparent and easily accessible to the reader. The text provided discussions of 

the identified cumulative effects and their rankings, but the significance criteria 
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and thresholds were not always explicit. Supporting tables summarizing the 

screening and ranking processes were used as tools by the analysts but were not 

made available to the reader. Although the matrix-based display based on 

Muhlbauer’s (1996) hazard-consequence-likelihood matrix provided a convenient 

summary, it did not provide information on the rationale for each ranking. 

I concluded that our CEA approach required a trial by fire: testing through 

scrutiny by regulatory agency representatives and expert NEPA practitioners, and 

exposure to broad public review and comment. Agency representatives could 

provide the technical and legal scrutiny needed to ensure that the sequence of 

analytic steps was logically ordered and consistent with NEPA, the CEQ 

regulations, the CEA handbook (CEQ 1997c), and EPA guidance (EPA 1999). 

Furthermore, we needed direct participation by the public: stakeholders whose 

lives might be affected by the CEA conclusions and who were willing to 

challenge the results and the procedures used to arrive at them. 

In addition, I wanted to find a way to display not only the results of the 

CEA analysis, but the architecture of the analytic process. This is where the 

matrix presentation in the TAPS Environmental Report had failed. The problem 

involved more than simply presentation: it was a matter of trust. It concerned the 

ability of the reader to understand the reasoning process used to reach conclusions 

about potential cumulative effects. I believed that if the reviewer could not easily 

and quickly grasp the sequence of decisions used to arrive at a result, he or she 

could not trust that result. And I believed that whether or not the reader agreed 
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with a conclusion, he or she must always be able to understand how it was derived 

and, if desired, to replicate it in an independent analysis.       

As our team completed the CEA for the TAPS Environmental Report, 

therefore, I was actively seeking new opportunities to perform the kinds of testing 

and refinement needed to enable our CEA approach to mature into a standardized 

methodology. The Alaska Groundfish Fisheries PSEIS and CEA workshop 

provided those opportunities. 

The Alaska Groundfish Fisheries PSEIS 

As noted in Chapter I, the Alaska Groundfish Fisheries PSEIS was 

required by U.S. District Court Judge Thomas S. Zilly in rulings in Greenpeace v. 

NOAA Fisheries. This document was the key decisionmaking basis for future 

federal management of the Alaskan commercial fisheries, a controversial, high-

stakes issue because of concerns by Greenpeace and other nongovernmental 

organizations that overfishing, bottom trawling, excessive bycatch, and other 

practices were leading to the ecological impoverishment of the Bering Sea and 

Gulf of Alaska, as indicated by drastic declines in Steller sea lion populations.54  

The PSEIS was prepared jointly by the North Pacific Fisheries 

Management Council and the National Oceanic and Atmospheric Administration 

(NOAA Fisheries) in three successive drafts over a five-year period: the January 

                                                 
54 A detailed description of the Alaska Groundfish Fisheries PSEIS, its legal background, and the 
technical methods used to prepare the 2001, 2003, and 2004 documents would be a lengthy 
undertaking beyond the scope of this dissertation. These details are available in the documents 
themselves (U.S. Department of Commerce 2001, 2003, 2004) and can be accessed on the Internet 
at http://www.fakr.noaa.gov/sustainablefisheries/seis/default.com.  



2001 Draft PSEIS; a second Draft PSEIS, with modified alternatives, in 

September 2003; and the June 2004 Final PSEIS  (U.S. Department of Commerce 

2001, 2003, 2004). The first and second drafts were subjected to intense legal and 

technical scrutiny by federal, state, and local agencies, academic institutions, 

nongovernmental organizations, stakeholder organizations and individual 

stakeholders, and the general public. These reviews provided a public and 

independently conducted test of the CEA approach described in this dissertation. 

As the cumulative effects leader for the Groundfish Fisheries PSEIS, I had 

the responsibility to develop, with my team, the methodology for the cumulative 

effects assessments (CEAs) of a larger assemblage of physical, biological, and 

social resource components than I had ever encountered in my career. In addition, 

the complexity of the numerous alternative fisheries management policies in the 

successive drafts of the PSEIS in combination with the complexity of the resource 

components—including the physical oceanography of a vast international region; 

77 distinct marine fish, bird, and mammal species and groups; and social 

components within many coastal communities that had to receive separate 

assessments—provided a significant technical challenge, requiring data 

compilation, advanced simulation modeling, and expert analyses by the 

professional staff of the NOAA Alaska Fisheries Science Center in Seattle. 

The 21,361 letters and testimony transcripts received by NOAA Fisheries 

on the eight-volume, 3,300-page Draft PSEIS of January 2001 produced 4,044 

substantive comments on cumulative effects from government agencies at all 

levels; stakeholders and their organizations, particularly the commercial fishing 
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industry of the Pacific coastal states; nongovernmental organizations challenging 

federal fisheries management policies; and a broad diversity of views from the 

general public. Communications were received from all 50 states and from 28 

other nations. Of these comments, approximately 10 percent were derived from 

testimony at public hearings and teleconferences, 10 percent from form letters, 

and the remaining 80 percent from personal letters or faxes (NOAA Fisheries 

2001).  

There were two major themes to the comments: first, that the scope of the 

cumulative effects analysis was inadequately narrow, with many comments listing 

factors that should have been incorporated and issues that should have been 

addressed; and second, that the conclusions of the analysis were inadequate, 

particularly with respect to the standards used to evaluate whether predicted 

cumulative effects were likely to be adverse, neutral, or beneficial. The details of 

these comments are available in the Comment Analysis Report included in the 

September 2003 Draft PSEIS (U.S. Department of Commerce 2003). 

In addition to public comment, our team received a valuable and 

substantive critique of all aspects of the PSEIS in a one-day workshop conducted 

in Juneau, Alaska on June 16, 2001. The workshop, sponsored by NOAA 

Fisheries, was presented by noted EIA experts Larry W. Canter, Ph.D., and 

Samuel F. Atkinson, Ph.D. In addition, the General Counsel’s Office of NOAA 

Fisheries participated actively in the process and provided internal guidance on 

our CEA methodology, helping to ensure that our approach was in legal 
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compliance with Judge Zilly’s requirements and consistent with the goals and 

procedures of NOAA Fisheries.  

Along with this guidance, the pressure on our team to produce a CEA that 

would withstand legal and technical scrutiny at the highest levels of NEPA 

procedural review led to major improvements in the CEA methodology described 

in this dissertation. Although a recounting of the particulars would be excessive 

here, there were three main refinements: first, the development of a compact 

tabular screening method that displays the inner workings of the assessment; 

second, a historical approach to the Affected Environment chapter of the EIS that 

facilitates use of the EPA’s recommended environmental reference point concept; 

and third, a broad consensus to apply clearly defined significance criteria and 

thresholds, based on the resource components, consistently to the direct, indirect, 

and cumulative effects assessments, so that all three types of impact prediction for 

one resource component are based on the same assumptions and metrics. These 

improvements are described below in the Discussion. 

It is important to note, however, that the PSEIS itself was not the only 

source of refinement to our CEA methodology. One year into the preparation of 

the first Draft PSEIS, just at the time when I was most aware of the need for 

improvements and most receptive to new sources of informed input, I had the 

opportunity to organize an intensive, eight-hour workshop with key regulators to 

request their advice on strengthening our CEA approach. The following section 

describes the main features of the workshop.  
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The November 6, 2001 CEA Workshop 

Completion of the TAPS Environmental Report, discussed in Chapter IV, 

drew the attention of the Alaskan petroleum industry to the CEA methodology 

presented in that report, and to the newly prominent role of CEA in the impact 

assessment process conducted for the TAPS right-of-way renewal effort. As 

previously noted, I was aware of the shortcomings inherent in our approach, and I 

was facing the challenge of developing a CEA method for the Alaska Groundfish 

Fisheries PSEIS that would withstand legal and technical scrutiny. When the 

opportunity arose, therefore, to work with BP Exploration (Alaska) Inc. (BPXA) 

on refining our CEA approach as a standard method applicable to the company’s 

Alaskan environmental reports, I suggested a workshop with experienced 

regulatory agency representatives as an efficient way to receive focused, 

interactive feedback on the method. 

Working closely with the workshop sponsor, Dr. Bill J. Streever of BPXA, 

I organized, over a six-month period, an all-day workshop funded by BPXA and 

Conoco Phillips Alaska Inc. I led the workshop at the BPXA headquarters in 

Anchorage, Alaska on November 6, 2001. 

The workshop process moved forward in five steps, summarized below. 

Documentation, including the agenda, participants, and the finalized June 2002 

draft report, is presented in Appendix D. The workshop sponsor preferred the 

recommendations to remain in draft indefinitely, so that they would be subject to 

repeated feedback and refinement as the CEA procedure was applied to future 

proposed actions.   
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Step 1: Workshop invitations were sent to representatives of federal, state, 

and local (borough and municipal) regulatory agencies in Alaska. Three agency 

representatives and three industry NEPA specialists, all workshop invitees, were 

interviewed to determine approaches, methods, and features they believed should 

be included in future cumulative effects assessments. Their ideas were 

incorporated into the preliminary draft guidelines in Step 3. 

Step 2: Following the interviews, preliminary guidelines for a standardized 

CEA method were prepared, incorporating ideas and preferences expressed by the 

interviewees, the analytic sequence previously developed for the TAPS 

Environmental Report (Chapter IV), and criteria developed with BPXA input and 

approval. The purpose of the latter was to ensure that considerations important to 

industry, such as cost-effectiveness, technical feasibility, and compatibility with 

project scheduling constraints, were incorporated. The draft guidelines were 

distributed to the invited workshop participants with a request that they provide 

recommendations for improvement. 

Step 3: After receiving comments on the preliminary guidelines, I 

reviewed and discussed them with BPXA, and the guidelines were modified 

accordingly. A brief read-ahead document (Appendix D), incorporating the 

modified guidelines, was prepared and sent to the invited participants 

approximately two weeks before the workshop.  

Step 4: The one-day workshop, led by the author, was conducted on 

November 6, 2001.  There were 20 participants (Appendix D) in addition to the 

leader, apportioned as follows: 
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Federal agency representatives: 9 

State of Alaska agency representatives: 4 

Industry representatives: 6 

Academic participant: 155 

In my introductory remarks at the start of the workshop, I stated two goals 

for the day: first, to reach consensus on a recommended CEA analytic procedure 

that was systematic, efficient, and in full compliance with CEQ and EPA 

guidance; and second, to devise a presentation method that would enhance the 

transparency of the CEA procedure, revealing the logical skeleton of the analysis 

to the reader. 

I also stated that although the industry environmental reports are not 

NEPA documents, the sponsor’s intent was to follow the NEPA process in 

preparing future environmental reports. Consequently, the workshop 

recommendations would be designed for a fully compliant NEPA CEA procedure. 

Finally, I emphasized that the workshop sponsor was seeking advice on a 

workable CEA approach that would conform with regulatory requirements and 

the CEQ (1997c) handbook, and was not proposing a particular approach for 

acceptance by the participants. In that spirit, the workshop progressed step by 

step, with the sequence and outcome determined by open discussion among the 

participants. The workshop proceedings were recorded on audio tape for later 

reference, and detailed notes were taken by an administrative assistant. In 

                                                 
55 A visitor from the University of Cambridge participated actively in the workshop. 
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addition, key input was written on easel-mounted pads throughout the day for 

reference following the workshop.  

Step 5: After reviewing the workshop proceedings in detail, I prepared a 

concise report with draft CEA guidelines representing the consensus 

recommendations of the workshop participants. The draft document was 

distributed for review and comment by the workshop participants and sponsor. 

The purpose of the review was to ensure that the draft guidelines accurately 

represented the conclusions of the participants. Once comments on the draft 

guidelines were received, a next-to-final document was prepared for BPXA 

review.  Following that review, the document was made final and distributed to 

the workshop participants. The workshop report is presented in Appendix D. 

Discussion 

By (1) starting with the CEA approach designed for the TAPS Right-of-

Way Environmental Report (TAPS Owners 2001); then (2) modifying and 

repeatedly testing that approach with successive drafts of the Alaska Groundfish 

Fisheries PSEIS; and (3) incorporating the advice of expert agency NEPA 

practitioners participating in the November 2001 workshop, our team developed a 

practical and cost-effective CEA methodology that clarifies guidance from the 

CEQ (1997c) handbook, incorporates EPA (1999) recommendations, and offers a 

systematic, transparent, and replicable process that can be applied to any NEPA 

document, whether environmental assessment report or environmental impact 

statement. Our process is capable of serving as a standard approach, to be 
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improved further as it is applied to a variety of situations in the future. Below, I 

summarize the process step by step, emphasizing only the distinctive features for 

brevity’s sake. Additional information on these steps is available in the CEA 

workshop report in Appendix D. 

Table 6 presents a comparison of the CEA approach used in the TAPS 

Environmental Report (Senner 2001) with the refined method developed 

subsequently (Senner et al. 2002). My team members and the CEA workshop 

participants, all familiar with the TAPS approach, agreed that the same four 

categorical stages first used in the TAPS document—Scoping, Organizing, 

Screening, and Evaluating—be retained. The analytic sequence within those four 

categories, was modified with further experience from the Alaska Groundfish 

Fisheries PSEIS and the CEA workshop. The following discussion summarizes 

the later, modified analytic procedure, shown in the right-hand column of Table 6. 

It is instructive to compare the following step-by-step explanation of the modified 

procedure with the equivalent stepwise explanation, in Chapter IV, of the 

procedure developed for the TAPS Environmental Report. 

SCOPING 

  Scoping is essential to the NEPA process and should be conducted as the 

first step in the impact assessment. After preliminary familiarization with the 

proposed action and its setting, there are five stages to scoping for the CEA: 

agency consultation and one or more public meetings; identification of the 

relevant resource components; identification of past, current, and reasonably 

foreseeable future human actions and natural events that affect, or could affect,  
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 Table 6. Comparison of the Prototype CEA Process from the TAPS ROW Environmental 
Report (TAPS Owners 2001) with the Tested Approach Presented in this Dissertation 

Approach Used in TAPS Report (Senner 2001) Tested Approach (Senner et al.  2002) 
A. Scoping: Identify Issues, Resource Components, and Boundaries 

1. Review the predicted direct and indirect effects of the 
Preferred and No Action alternatives on the physical, 
biological, and social environments. 

1. Agency and public meetings: Conduct early scoping 
meetings with agency representatives and stakeholders. 
Identify past, current, and emerging concerns and 
incorporate traditional knowledge. Address alternatives as 
fully as the proposed action. 

2. Establish geographic scope. 2. Resource components: Identify physical, biological, and 
social resource components. 

3. Establish time frame. 3. External actions and events: Conduct research and 
interviews to identify past, current, and reasonably 
foreseeable future external actions and natural events that 
could affect the resource components. 

4. Review past environmental impact statements, 
environmental reports, and the peer-reviewed literature 
to identify actions and issues of concern. 

4. Geographic scopes: Define appropriate geographic 
scopes for the physical, biological, and social 
environments on the basis of the resource components.  

5. Interview agency personnel to determine potential future 
actions that have received preliminary agency notice or 
review, and to identify new or emerging issues of 
concern. 

5. Time scope: Establish a time scope that extends from the 
past environmental reference point (EPA 1999) through 
the present baseline to the reasonably foreseeable future. 
Define future cutoff criteria. 

B. Organizing: Characterize the Affected Environment; Predicted Direct and Indirect Effects; and 
External Past, Present, and Reasonably Foreseeable Future Actions and Events 

6. Organize identified issues hierarchically by: 
a. Preferred or No Action alternative 
b. Resource category 

6. Affected environment: Prepare the Affected Environment 
chapter on the basis of the geographic and time scopes 
established for the CEA. 

7. Identify and document issues relating to physical, 
biological, and social features and to laws, regulations, 
permits, and stipulations.  

7. Direct and indirect effects: Review predicted direct and 
indirect effects and their significance criteria and thresholds 
(defined in terms of the resource components). 

8. Consolidate similar issues. 8. CEA matrix: One alternative at a time, prepare a CEA 
matrix for each resource component. 

9. Explain baseline conditions and impact pathways. 9. External actions and events: Add columns to CEA matrix 
for relevant past, present, and reasonably foreseeable 
future actions and events. 

C. Screening: Identify Potential Cumulative Effects 
10. From the consolidated issues, identify potential 

cumulative effects of the Preferred and No Action 
alternatives.  

10. Information entry: Complete each cell in summary form, 
citing the supporting text section. Include rationale for 
each significance rating. 

D. Evaluating: Determine Significance 
11. Using appropriate evaluation criteria, rank cumulative 

effects by magnitude and probability, using a matrix to 
show risk associated with each. 

11. Significance: Apply the same significance criteria to 
cumulative effects as used for direct and indirect effects. 
Criteria are based on resource components. 

E. Mitigation and Adaptive Management: Modify Alternatives, Monitor, and Adapt Management 
The alternatives were in full legal compliance and would 
incorporate appropriate mitigation measures. 

12. Mitigation: Modify or add alternatives to avoid or 
mitigate potential adverse cumulative effects. 

Monitoring was beyond the scope of the report. 13. Adaptive management: Monitor cumulative effects and 
adapt management to mitigate if adverse. 
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the resource components; definition of geographic scopes for the CEA, based on 

the characteristics of the resource components; and setting a time scope starting 

with a past environmental reference point, setting a baseline in the present, and 

ending at a defined point in the reasonably foreseeable future (see Glossary, 

Appendix B). 

Agency and Public Meetings 

The first step in scoping procedure presented here is to meet with 

representatives of regulatory agencies with jurisdictional involvement in the 

proposed action, and with stakeholders and other members of the general public. 

It is usually more productive to meet with federal, state, and local agency 

representatives first, either individually or as a group. One advantage of meeting 

with the agencies first is to inform the analyst about regulatory requirements, 

permit conditions, or environmental or engineering constraints that could affect 

the scheduling, siting, funding, or other aspect of the proposed action,  so that this 

information can be accurately communicated during the public meetings. Another 

advantage is to learn in advance about local sensitivities or controversies that 

might be pitfalls at the first public meeting. 

In contrast, the first step in the CEA scoping procedure recommended in 

the CEQ (1997c) handbook is to identify cumulative effects issues. The handbook 

does not define this term, but it does state (p. 11) that identifying cumulative 

effects issues involves defining the direct and indirect effects of the proposed 

action, the resources affected, and which effects are important from a cumulative 

effects perspective. This advice cannot be followed as the first step in scoping, 
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unless a separate, second scoping process is conducted for the CEA after a first 

scoping, the characterization of the affected environment, and the prediction of 

potential direct and indirect effects of the proposed action and its alternatives have 

all been completed, well into the NEPA process. This is apparently the intent of 

the CEQ guidance, although it is not stated explicitly. 

This part of the CEQ guidance seems inefficient and impractical. Instead, 

the first step of scoping—meeting with the agencies and with the public—should 

be conducted for direct, indirect, and cumulative effects all at the same time. In 

addition to efficiency, as reflected in the remaining steps of the refined CEA 

process discussed below, a consolidated or unified scoping process ensures that 

cumulative effects will be emphasized from the beginning of the impact 

assessment, rather than isolated for separate treatment at the end, and that all three 

types of potential impact—direct, indirect, and cumulative—are discussed with 

the agencies and the public in ways that reflect the functional relationships among 

the three. Often, concerns expressed at public meetings about future 

environmental impacts relate to accumulating or cascading effects from a 

multitude of different sources: in other words, cumulative effects. Furthermore, 

from a practical standpoint, if the scoping process is designed to cover the entire 

EIA, rather than fragmented into a first scoping for direct and indirect effects and 

a second scoping for cumulative effects, the second round of agency and public 

meetings is eliminated, saving time and money for the agencies, the public, and 

the project sponsor. 



 

210 

There is, however, a sense in which issues can and should be identified 

during scoping, quite different from the sense used in the CEQ handbook. Stated 

plainly, issues are the things people care about and that the analyst should pay 

attention to. As noted by a CEA workshop participant, “what resource 

components and external actions and events to treat as important will depend on 

the cultural lens of the stakeholders.” A major goal of the scoping meetings, 

therefore, is to understand the priorities of the agencies and of the stakeholders. 

These will, to a large degree, define the context which the CEQ regulations 

require as a determinant of significance (40 CFR 1508.27). From the standpoint of 

legal and technical adequacy, the analyst should be aware of this crucial link 

during scoping. 

In addition, traditional knowledge (see Glossary, Appendix B) is a useful 

and legitimate information source. By conducting the public meeting, and 

individual interviews, in a way that inspires confidence and puts stakeholders at 

ease, the analyst is more likely to elicit traditional knowledge, or other pertinent 

local information, that might otherwise remain hidden. 

Alternatives to the proposed action, including the no-action alternative, 

should receive as much attention and discussion in the agency and public 

meetings as the proposed action. Throughout the NEPA process, all of the 

alternatives—proposed action, no action, and others—are on the same footing and 

considered equally likely to be implemented. It is important to reflect this in 

scoping, and not convey the impression that the proposed action is assumed to be 

the alternative most likely to be implemented. 
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Resource Components 

After the scoping meetings have been conducted, the information received 

from them is used to identify the resource components of the physical, biological, 

and social environments. For example, air quality is a resource component of the 

physical environment, salmon spawning habitat is a biological resource 

component, and archaeological sites, the unemployment rate, and land use are all 

social resource components. The particular suite of resource components 

identified for analysis will depend on the nature of the alternatives and their 

setting. The relevant information will come from the scoping meetings and from 

literature reviews, interviews, and other sources. It is important to identify the 

resource components at this early stage, because they will help to determine the 

particular past, current, and reasonably foreseeable future actions pertinent to the 

CEA. They will also serve as the basis for the geographic scope of the CEA and 

even the time scope, in cases where the recovery time of a particular resource 

component, such as a biological population, is a factor in the assessment. 

What determines which resource components are relevant to include in the 

assessment? The CEA workshop participants emphasized that importance to the 

stakeholders, as determined during the scoping meeting(s), is a key criterion. 

Another criterion would be resources that are subject to regulation, permitting, or 

other legal protection, such as drinking water quality, jurisdictional wetlands, 

Endangered Species, and sites on the National Register of Historic Places. A third 

criterion would relate to the functional importance of a resource, even if it is not 

important to stakeholders or legally protected. For example, an invertebrate 
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species known to serve a functional role in an ecological food web, such as a 

marine copepod, might be selected as one of several indicator species for 

simulation modeling of the ecosystem. 

Another consideration is that it makes sense to use the same resource 

components for the direct, indirect, and cumulative effects assessments. 

Addressing all three types of impacts in a unified scoping process, as discussed 

above, facilitates this. If the resource components are consistent in all three 

analyses, the same significance criteria will apply, and the results for a single 

resource component will be comparable across the direct, indirect, and cumulative 

effects assessments. This can have information content in cases, for example, 

where the direct effect on a particular resource component is evaluated as not 

significant, but the indirect or cumulative effect is evaluated as significant. One is 

led to ask why the difference, and the assessment should be capable of providing 

the answer.  

At the end of this step in the scoping process, the analyst should have lists 

of resource components for the physical, biological, and social environments, 

along with the pertinent supporting literature, research data, and other information 

such as traditional knowledge. Some of the listed resource components may 

change as additional information on their relevance becomes available. 

External Actions and Events 

Once the physical, biological, and social resource components have been 

listed, at least on a preliminary basis, human actions and natural events external to 

the proposed action and its alternatives can be identified. It is important to 
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identify the relevant resource components before the external actions and events, 

because there must be some basis for discriminating and selecting among a near-

infinite population of actions and events in the past, present, and reasonably 

foreseeable future. If an external action or event has no documented or other 

apparent relationship to any relevant resource component, there is no reason to 

include it in the assessment. This point reiterates the CEQ’s admonition that “It is 

not practical to analyze the cumulative effects of an action on the universe; the list 

of environmental effects must focus on those that are truly meaningful” (CEQ 

1997c, p. 8). 

Geographic Scopes 

With respect to placing spatial boundaries on the CEA, geographic 

scoping should be based on the distribution or spatial extent of the resource 

components. This means that impact assessments performed for different resource 

components are likely to have different geographic boundaries. For instance, the 

assessment of construction impacts on a site-specific feature, such as a black bear 

den, is likely to have tighter boundaries than the assessment of the same 

construction activity on regional air quality. 

In the case of a widely distributed resource component, such as ambient 

air quality, the intensity of an impact may decrease with distance from the impact 

source. It may be feasible to place the assessment boundary at the point where the 

effect of removing the contribution of the proposed action or alternative (either 

alone or in combination with external actions) cannot be discerned. Furthermore, 

a cumulative effect, with greater intensity from the combined impacts of several 
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actions, may influence a broader area than the direct effect of a single action. 

Effects like these can be missed if the geographic scope is defined too narrowly. 

The CEA workshop participants added an important caveat: a local change may 

cause a distant effect, as with acid rain, arctic haze, or antarctic ozone depletion. 

Time Scope 

Three particular problems, among others, are commonly encountered 

during temporal scoping for cumulative effects: 

• how to comply with the EPA (1999) guidance regarding the naturally 

occurring or  ecologically sustainable condition; 

• how to treat trends and projections when establishing the baseline; and 

• how to determine the cutoff points for scoping in the reasonably 

foreseeable future. 

The Naturally Occurring or Ecologically Sustainable Condition 

The first question, how to address the naturally occurring or ecologically 

sustainable condition called for by the EPA guidance, has important implications 

for how information is organized in environmental impact statements (and also 

environmental assessment reports). Under Section 309 of the Clean Air Act (42 

USC 7401-7661), the EPA is charged with reviewing proposed actions of other 

federal agencies assessed under NEPA and making the reviews public. If the 

proposing (lead) agency does not respond to the EPA’s review comments by 

making appropriate revisions and the project remains environmentally 
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unsatisfactory, the EPA is authorized refer the matter to the CEQ for mediation 

(40 CFR 1504). 

The EPA’s review requirement gives the agency substantial authority over 

the preparation of NEPA documents, and the EPA Office of Federal Activities is 

responsible for the reviews. The Office of Federal Activities has established 

criteria to guide its staff consistently in reviewing the draft and final EIS 

documents produced nationwide each year, and it has reviewed almost all of the 

approximately 20,000 EISs produced since NEPA was signed into law in 1970.   

In May 1999, the EPA Office of Federal Activities augmented its review 

criteria with guidance regarding cumulative effects in a directive titled 

Consideration of Cumulative Impacts in EPA Review of NEPA Documents (EPA 

1999). This guidance states that cumulative effects assessments should compare 

the environment in its naturally occurring condition (that is, unaffected by human 

influence) with the expected impacts of the proposed action and its alternatives 

when combined with other past, present, and reasonably foreseeable actions. 

 The directive raises two concerns, however, that are inherent in the CEA 

process. First, using the conventional baseline (see Appendix B), which 

represents present conditions, will usually not serve as a basis for describing the 

naturally occurring condition, because impacts of past and ongoing human 

activities will have altered the condition of the environment from its naturally 

occurring state. Second, it may not be feasible to characterize the naturally 

occurring condition because it no longer exists in most present-day environments 



 

216 

and, furthermore, it may not have been described in the past at all, or in sufficient 

detail to use as a benchmark. 

To resolve these concerns, the EPA recommends two approaches. First, it 

may be feasible to use the predicted effects of the no-action alternative to 

characterize existing conditions, provided that the persisting effects of past 

actions are factored into the description of current, or baseline, conditions. The 

predicted effects of the no-action alternative would, the EPA appears to presume, 

represent a continuation of the baseline conditions into the future. This approach 

can become complicated, however, because cumulative effects are dynamic. 

Selection of the no-action alternative does not imply that the environment will 

remain unchanged from the baseline condition. As actions and events external to 

the proposed action and its alternatives continue to interact in complex ways in 

the future, the environment will change even if the no-action alternative is 

selected. This is especially true regarding ecosystems, as Botkin (1990) has 

emphasized. Furthermore, the ability to factor human impacts into the baseline 

description, as suggested by the EPA, implies that the analyst must somehow 

know what the naturally occurring condition was; otherwise, it would not be 

feasible to characterize the human impacts in the first place. That being the case, 

why not simply use the naturally occurring condition as the benchmark?    

To avoid such conundrums, the second approach recommended by the 

EPA is the more practical and is the approach adopted here: establish an 

environmental reference point at a defined year in the past that represents the 

naturally occurring condition. If the naturally occurring condition cannot be 
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described on the basis of evidence, a modified but ecologically sustainable 

condition can serve as a proxy for the naturally occurring condition. The EPA 

explains that “In this context, ecologically sustainable means the system supports 

biological processes, maintains its level of biological productivity, functions with 

minimal external management, and repairs itself when stressed” (EPA 1999, 

p.14). 

To establish the time scope for the CEA, therefore, the analyst can begin 

with a defensible environmental reference point, based on evidence of an 

ecologically sustainable condition that is likely to have existed at a particular 

point in the past that can be represented by a specific year. For example, in the 

Alaska Groundfish Fisheries PSEIS I selected the year 1760, one year before the 

first voyage of Vitus Bering to Alaskan waters, as the environmental reference 

point. I defended this reference point by arguing that the Bering Sea and Gulf of 

Alaska were likely to be in an ecologically sustainable condition prior to the 

unprecedented impacts of the Russian fur trade and other human activities that 

Bering’s voyage unleashed. This approach was accepted by the EPA and did not 

receive objections during the intensive public reviews of the two draft PSEIS 

documents. 

Because it emphasizes ecological sustainability, the EPA (1999) CEA 

guidance appears to be oriented toward the biological environment. Criteria for 

establishing environmental reference points for the physical and social 

environments are not addressed. Nevertheless, there is value, beyond mere 

consistency, in applying an analogous approach to physical and social resource 
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components, which must be assessed in NEPA documents as fully as biological 

resources. The value lies in the fact the physical and social environments are also 

dynamic and have also been affected by past actions and events. For the physical 

environment, an appropriate reference point might be the historical condition of 

the landscape at the time of first non-aboriginal settlement, or a past year selected 

because it is well documented with respect to the resource components under 

discussion, or represents the condition of the landscape just before a major 

transformational event such as the establishment of a pervasive new industry, 

mine, or other impact source affecting the selected resource components. In a 

sense, it does not matter: the real purpose is to establish a point in the past, 

represented by a specific year, from which the story of the selected physical 

resource components can be told up to the present, with explanations of the major 

factors contributing to their change—particularly past actions or events that 

produced, or continue to produce, impacts that persist in influencing the physical 

resource components in the present. These must be taken into account in the 

CEA, and the recommended approach accomplishes this in a straightforward 

manner that corresponds to the treatment of the biological environment and to 

EPA guidance. 

With respect to the social environment, where cultural and socioeconomic 

topics dominate, a useful approach is to establish a hypothetical reference point 

that represents a suite of desirable conditions for the resource components: a low 

inflation rate, low unemployment rate, high mean longevity, high rate of 

graduation from secondary school, desirable per capita income, or other generally 
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accepted indices that are well documented within the geographic scoping area. By 

describing these desirable conditions, the analyst establishes benchmarks for the 

individual resource components. Then an environmental reference point can be 

established at a point in the past, and changes in the indicators can be tracked 

relative to the desirable benchmarks. Of course, if a year in the past actually came 

close to a majority of the benchmarks, it would be an appropriate reference point. 

Again, with this approach the story of changes in the social resource components 

in response to past actions and events can be told as with the physical and 

biological environments, and persisting impacts from past or ongoing actions can 

be emphasized. 

Baseline Trends and Projections    

 In contrast to the environmental reference point, which is set in the past, 

the baseline represents the existing environmental condition immediately prior to 

implementation of the proposed action, one of its alternative actions, or no action. 

It serves as the benchmark or “jumping-off point” for the direct, indirect, and 

cumulative impact assessments, all of which are predictions of future 

consequences. As such, the baseline is a snapshot of a particular moment in time, 

usually the most recent year for which data are available to characterize the 

“current” or “existing” condition of the resource components comprising the 

affected environment. Of course, the year of most recent data may vary from one 

resource component to another, and if such cases are few, individual baselines 

may be used. It is usually defensible and more practical, however, to define a 

single representative baseline for all of the resource components and for all of the 
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direct, indirect, and cumulative effects assessments, if representative data are 

available for years close to the baseline. 

As previously noted, the physical, biological, and social resource 

components that together comprise the baseline condition are dynamic. The 

baseline will usually represent a cross-section through a trend that starts at the 

environmental reference point, crosses the baseline, and is projected into the 

future. In our CEA approach, and generally in NEPA practice, these trends are 

important and should be described with supporting data, but they are not the 

baseline. In other words, the baseline is a slice through a trend, a snapshot that 

artificially freezes the trend’s motion at a particular point in time. 

In describing cumulative effects, a trend can be illustrated graphically on 

the basis of past data, and projected into the future by regression analysis, 

simulation modeling, or other appropriate means. The predicted cumulative effect 

can thus be characterized as dynamic, because it changes with the influence of the 

projected trend. Other actions in the reasonably foreseeable future may also be 

characterized by upward or downward trends in magnitude or distribution, 

complicating the picture. It is the analyst’s job to take these trends into account to 

a reasonable extent: it may not be practical to quantify their interaction, but it is 

important to discuss them in qualitative terms to present a word-picture of what 

might be expected in the future. With the refinement of simulation modeling, 

however, it is often feasible to generate predictions of future conditions resulting 

from the interaction of several dynamic processes, as in ecological modeling or 

economic forecasting. In the Alaska Groundfish Fisheries PSEIS, predicted direct, 
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indirect, and cumulative effects for biological species and groups, and for 

community and statewide economic conditions, were modeled in this manner. 

Cutoff Points for Scoping in the Reasonably Foreseeable Future 

Whereas the environmental reference point and baseline are specific years 

set in the past and near-present, respectively, the reasonably foreseeable future 

does not have an obvious end point, and it is up to the CEA analyst to establish 

one. In the case of the Trans Alaska Pipeline right-of-way renewal in 2004, it was 

easy to use the 30-year lease agreement as the project life, with the end point set 

at the year 2034. In that case, the reasonably foreseeable future was a 30-year 

period. In most cases, however, there is no obvious future cutoff point for time 

scoping, and the boundary is largely a matter of context specific to the nature of 

the proposed action, the types of resource components involved, permit conditions 

and expiration dates, community or regional planning, and the goals of affected 

stakeholders, organizations, and businesses. 

It is reasonable to expect that different resource components likely to be 

affected by a proposed action or by its alternatives will have different temporal 

cutoff points, depending on their characteristics. For example, as noted during the 

November 6, 2001 CEA workshop, the future cutoff point for a particular species 

could be based on evidence regarding the time required to recover from stress 

relating to a population-limiting factor. In such cases, the recovery times, and 

therefore the future cutoff points, will vary from one species to another (e.g., 

caribou or humpback whale, with long recovery periods, versus northern lemming 

or arctic fox, with short recovery periods ). For efficiency, it is best to limit the 
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number of different cutoff points, and using a single year far enough in the future 

to include all of the resource components under one temporal “umbrella” works 

well, as long as the rationale is clearly explained and justified to the reader. 

ORGANIZING 

Organizing involves four steps: (1) planning, researching, and writing the 

Affected Environment chapter, incorporating information from the agency 

consultation and public scoping meetings; (2) reviewing the predicted direct and 

indirect effects of the proposed action and its alternatives on the selected physical, 

biological, and social resource components, with special attention to significance 

criteria and rankings; (3) preparing a CEA matrix for each resource component; 

and (4) adding columns to each CEA matrix for the past, present, and reasonably 

foreseeable future actions and events relevant to the subject resource component. 

Affected Environment 

The temporal scoping considerations discussed above have a major 

bearing on how the Affected Environment chapter is organized, creating a 

departure from past NEPA practice. The Affected Environment chapter sets the 

stage for the direct, indirect, and cumulative effects assessments, which typically 

follow in the Environmental Consequences chapter. In conventional NEPA 

practice, which is geared to the analysis of direct and indirect impacts, the 

Affected Environment chapter describes the resource components in their baseline 

condition: their characteristics and vulnerabilities as they exist in the present, just 

before the implementation of the proposed action or other selected alternative. 
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In the approach presented here, the Affected Environment chapter is 

written to incorporate both historical and future perspectives, thereby providing 

the basis for the cumulative effects assessments in the Environmental 

Consequences chapter. In other words, the Affected Environment chapter not only 

characterizes the present baseline conditions; it explains how those conditions 

came to be and how they are likely to change in the future. To accomplish this, 

the analyst concisely tells the story of the physical, biological, and social resource 

components, organized in manageable groupings, from the environmental 

reference point forward in time to the baseline (present conditions). Supporting 

historical and recent past quantitative data are used where available, and trends 

are identified. At the baseline, environmental conditions are described in the 

conventional manner, but they are more meaningful because of the background 

information already provided, and they are more accurately seen, at least in some 

cases, as representing a snapshot of dynamic trends rather than a static condition. 

The trends are then projected into the future as far as the temporal cutoff point, 

discussed above. 

Along the way, past, ongoing, and reasonably foreseeable future human 

actions and natural events (for example, the El Niño phenomenon) are 

documented where evidence indicates they produced impacts significant enough 

to drive the described changes in the resource components, particularly in cases 

where impacts of past actions or events persist into the present and are likely to be 

projected into the future. These residual effects will be a crucial part of the CEA 

to be developed subsequently in the Environmental Consequences chapter. 
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Direct and Indirect Effects 

 After they have been completed, the analyst reviews the assessments of 

the direct and indirect effects of the proposed action and its alternatives on the 

resource components. At this stage it is essential to note which impacts are 

evaluated as significant and the criteria used to make that determination, including 

the definition of the significance threshold applied to each resource component. It 

is also important to note whether each predicted direct or indirect effect is 

considered beneficial or adverse. To conduct the later CEA, however, the analyst 

must accomplish a third objective: it is necessary to understand the impact 

pathways or mechanisms through which the alternatives are expected to act on the 

resource components to produce the predicted direct or indirect impacts. Without 

this understanding, the analyst will not be in a position to predict additive or 

synergistic effects of external actions and events interacting with the direct and 

indirect effects. For this reason, it is desirable that the CEA performed on a 

particular type of resource component be conducted by a specialist familiar with 

the subject. It also makes sense for the same individual to perform the direct, 

indirect, and cumulative effects assessments on the same resource components—

subject to peer review by colleagues—because the impact pathways must be 

understood before interactive effects can be predicted. 

CEA Matrix 

At the beginning of this chapter, I noted that I was looking for a way to 

display not only the results of the CEA, but the architecture of the analytic 

process. A distinctive and essential feature of our team’s approach, therefore, was 
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the development of the CEA matrix. This is simply a table organized to serve as a 

tool for conducting the CEA in a logical sequence, from left to right and top to 

bottom. When completed, the table illustrates the results of the CEA so that all of 

the component features are visible at a glance. The combination of functionality 

and communication in a single matrix brings greater transparency to the CEA 

process, correcting a problem raised in Chapter III in the discussion of 

McLaughlin’s findings (McLaughlin 2001). 

A hypothetical example of a filled-out CEA matrix, with numbered step-

by-step guidance, is provided in Appendix A. Examples of CEA matrices actually 

used in the Alaska Groundfish PSEIS (U.S. Department of Commerce 2004) are 

presented in Appendix E. 

To building a matrix, the analyst starts with a single alternative. The 

matrix starts with the left-hand column, which lists the resource components 

affected by the alternative. If the scope of the analysis is small, all physical 

resource components, for example, might be listed in a single matrix. For 

assessments larger in scope, a single resource component may require its own 

matrix, with different types of impacts on the resource component listed in the 

left-hand column, and the complete matrix may consist of several pages.  

The next column lists the predicted direct and indirect effect of the 

alternative on that resource component and whether the predicted effect has been 

evaluated as significant (S) or not significant (NS). At this stage, the CEA matrix 

consists of two left-hand columns, the first listing the resource components and 
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the second listing the predicted direct and indirect impacts of the alternative on 

those resource components, along with their significance evaluations. 

External Actions and Events 

Continuing from the left, the analyst adds one or more columns listing 

persistent influences from past actions or events that still affect the baseline 

condition.  Next, present and reasonably foreseeable human actions not associated 

with the subject alternative are arrayed along the top as column headings. These 

are the human-controlled actions and natural events identified above in the 

External Actions and Events step. Proceeding from left to right, additional column 

headings are added for present or reasonably foreseeable future natural events.   

Finally, two more columns are added. The first indicates whether or not 

there is a cumulative effect and, if so, summarizes its impact pathway or 

mechanism. The second presents its significance rating, the supporting rationale, 

and whether the predicted cumulative effects is expected to be beneficial or 

adverse. At this stage, a complete matrix has been prepared, but the cells of the 

matrix, except for the headings, are still blank because screening has not yet been 

conducted. 

SCREENING 

In the screening process, the predicted direct and indirect effects of the 

alternative are assessed with respect to the persistent past, present, and reasonably 

foreseeable future effects listed in the other columns. This is the heart of the CEA 
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process as presented in the CEQ (1997c) handbook. The CEA matrix provides an 

organized template for conducting the screening in a logical and systematic way. 

Information Entry 

In this step, the analyst enters the appropriate information for every cell in 

summary form. Each cell should reference the corresponding section of the text 

that contains the rationale supporting the cell content. For past, present, and 

reasonably foreseeable future external actions and natural events, the analyst 

summarizes how each external influence might add to or interact with each listed 

direct or indirect effect of the alternative under consideration. Where no 

involvement by the external influence is foreseen, the analyst enters N/A. 

When the appropriate information has been entered, it will be evident 

whether there is the potential for a cumulative effect to be associated with each 

predicted direct or indirect effect of the alternative under consideration. 

Therefore, in the “Potential Cumulative Effect?” column, the analyst can now 

briefly characterize each identified cumulative effect. If no potential for a 

cumulative effect is identified, No is entered in the appropriate cell of the 

“Cumulative Effect?” column. It is important to ensure that the referenced 

document section provides the necessary evidence and literature citations to 

support the conclusions stated in each cell of the matrix, so that text and matrix 

are consistent and securely linked. 
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EVALUATING 

At this point, all of the cells in the CEA matrix should be completed 

except for those in the far right-hand column. This column asks whether each 

identified potential cumulative effect would be significant and, if so, whether the 

effect would be beneficial or adverse. 

Significance 

To determine whether a potential cumulative effect would be significant, it 

is important to apply the same criteria and significance threshold that were 

applied to the predicted direct and indirect effects of the alternative. This is 

because the same alternative and the same resource components are involved. 

When a determination has been made, Yes is entered if the potential cumulative 

effect meets the significance criteria and passes the significance threshold, or No 

if the cumulative effect does not qualify as significant. If Yes, a (+) or (–) is 

entered to indicate whether the potential significant effect would be beneficial or 

adverse, respectively. 

Finally, the analyst enters a summary in each cell of the far right-hand 

column, listing the key points considered in making the significance and 

beneficial/adverse determinations, with supporting citations. The referenced 

document text should explain the significance threshold and estimate, if feasible, 

the approximate percent contribution of the alternative under discussion to the 

total cumulative effect. 
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MITIGATION AND ADAPTIVE MANAGEMENT 

The final two steps in cumulative effects analysis recommended by the 

CEQ (1997c) are important follow-through actions. The first (Step 12, Mitigation) 

occurs in the NEPA document (i.e., on paper). It involves the modification or 

addition of alternatives to mitigate (avoid or reduce) potential cumulative effects 

that have been evaluated as significant. The second (Step 13, Adaptive 

Management) is executed in the field. It calls for monitoring and adaptive 

management of actual cumulative effects that are observed to occur after the 

proposed action or an alternative has been selected and implemented. Kennedy 

(2000) provides a thorough review of the emerging field of cumulative effects 

management. 

Conclusion 

Starting with the prototype approach used in the Environmental Report for 

the TAPS Right-of-Way Renewal (Senner 2001), our team of NEPA practitioners 

developed a modified CEA approach designed to correct guidance in the CEQ 

(1997c) handbook that we found, through practical application, to be ambiguous 

or out of logical sequence. Subsequently, we had major opportunities to refine and 

test our CEA approach in three successive versions of the Alaska Groundfish 

Fisheries PSEIS (U.S. Department of Commerce 2001, 2003, 2004), and in a 

CEA workshop with regulatory agency specialists in NEPA practice which I 

organized and led on November 6, 2001 (Appendix D). The resulting approach 

(Senner et al. 2002), which can be applied to any CEA for any type of proposed 

action, is intended as a contribution toward a more transparent, systematic, cost-



effective, and replicable methodology suitable for application as a standard 

procedure. It is fully consistent with the CEQ (1997c) guidance and incorporates 

the requirements of the EPA (1999) CEA directive. The approach presented here 

is intended to clarify the CEQ guidance and make it easier to apply, not to 

challenge or supplant that guidance. The two approaches are compared, step by 

step, in Table 7. 

As discussed in the following chapter, the CEA method presented in this 

dissertation makes it more practical to assess the probable sustainability of a 

proposed development. By doing so, it provides the decisionmaker with a 

predictive tool that can help to assess the level of risk, that is, unintended 

consequences, associated with a proposed public policy or action. If widely 

implemented, it could also provide a consistent basis for collating and comparing 

predicted cumulative effects among many different NEPA documents, thereby 

allowing CEA data to be aggregated for the analysis of trends and patterns over 

the long term. 

The approach described here has standing, because it was successfully 

applied to a complex and consequential policy problem and was subjected to 

rigorous legal and technical scrutiny on an international scale. It meets existing 

regulatory standards and conforms to the CEQ guidelines for cumulative effects 

assessments, and it can be readily used by any governmental agency or 

jurisdiction in the United States and elsewhere. For these reasons, it has the 

potential to elevate the role of CEA, and sustainability, in public policy decisions. 
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Table 7. Comparison of the CEA Process from the CEQ Handbook with the Tested CEA 
Approach Presented in this Dissertation 

Recommendations from CEQ (1997c) Tested Approach (Senner et al. 2002) 
A. Scoping: Identify Issues, Resource Components, and Boundaries 

1. Identify the significant cumulative effects issues 
associated with the proposed action and define the 
assessment goals. 

1. Agency and public meetings: Conduct early scoping 
meetings with agency representatives and stakeholders. 
Identify past, current, and emerging concerns and 
incorporate traditional knowledge. Address alternatives as 
fully as the proposed action. 

2. Establish the geographic scope for the analysis. 2. Resource components: Identify physical, biological, and 
social resource components. 

3. Establish the time frame for the analysis. 3. External actions and events: Conduct research and 
interviews to identify past, current, and reasonably 
foreseeable future external actions and natural events that 
could affect the resource components. 

4. Identify other actions affecting the resources, 
ecosystems, and human communities of concern. 

4. Geographic scopes: Define appropriate geographic scopes 
for the physical, biological, and social environments on the 
basis of the resource components.  

 5. Time scope: Establish a time scope that extends from the 
past environmental reference point (EPA 1999) through the 
present baseline to the reasonably foreseeable future. 
Define future cutoff criteria. 

B. Organizing: Characterize the Affected Environment; Predicted Direct and Indirect Effects; and 
External Past, Present, and Reasonably Foreseeable Future Actions and Events 

5. Characterize the resources, ecosystems, and human 
communities identified during scoping in terms of their 
response to change and capacity to withstand stresses. 

6. Affected environment: Prepare the Affected Environment 
chapter on the basis of the geographic and time scopes 
established for the CEA. 

6. Characterize the stresses affecting these resources, 
ecosystems, and human communities and their relation 
to regulatory thresholds 

7. Direct and indirect effects: Review predicted direct and 
indirect effects and their significance criteria and thresholds 
(defined in terms of the resource components). 

7. Define a baseline condition for the resources, 
ecosystems, and human communities. 

8. CEA matrix: One alternative at a time, prepare a CEA 
matrix for each resource component. 

 9. External actions and events: Add columns to CEA matrix 
for relevant past, present, and reasonably foreseeable 
future actions and events. 

C. Screening: Identify Potential Cumulative Effects 
8. Identify the important cause-and-effect relationships 

between human activities and resources, ecosystems, 
and human communities.  

10. Information entry: Complete each cell in summary form, 
citing the supporting text section. Include rationale for 
each significance rating. 

D. Evaluating: Determine Significance 
9. Determine the magnitude and significance of 

cumulative effects. 
11. Significance: Apply the same significance criteria to 

cumulative effects as used for direct and indirect effects. 
Criteria are based on resource components. 

E. Mitigation and Adaptive Management: Modify Alternatives, Monitor, and Adapt Management 
10. Modify or add alternatives to avoid, minimize, or 

mitigate significant cumulative effects. 
12. Mitigation: Modify or add alternatives to avoid or 

mitigate potential adverse cumulative effects. 
11. Monitor the cumulative effects of the selected 

alternative and adapt management. 
13. Adaptive management: Monitor cumulative effects and 

adapt management to mitigate if adverse. 
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CHAPTER VI: CONCLUSION AND DISCUSSION 

In this dissertation, I have presented a systematic approach to cumulative 

effects assessment (CEA) that complies with federal policy: the National 

Environmental Policy Act (NEPA), the regulations of the President’s Council on 

Environmental Quality (CEQ) implementing NEPA, CEQ guidance on how to 

perform CEA (CEQ 1997c), and additional CEA guidance from the U.S. 

Environmental Protection Agency (EPA 1999). The purpose of the approach 

presented here is to provide a systematic and rigorous method that is simpler and 

more efficient than the more ambiguous guidance offered by the CEQ while, at 

the same time, remaining fully consistent with, and achieving the same goals as, 

the CEQ guidelines. I hope the method will assist other NEPA practitioners and 

become widely used, while undergoing further modification and refinement by 

others. The state of the practice regarding CEA is fluid at present, and a standard 

method has yet to solidify. As discussed below, there are strong reasons to 

support a standard approach, and my intent is that the one presented here will be a 

contribution toward advancing the state of the practice. 

Thematic Development 

The dissertation is structured in five stages to explore the connections 

between CEA practice and sustainable development, culminating in the 

presentation of the applied and tested CEA method. Chapter I discusses the 

origins of sustainability questions in energy development proposals for Alaska 

and northwest Canada in the early 1970s, and further explains the awakening of 
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my own awareness about sustainability through my professional involvement with 

northern pipeline projects toward the end of that decade. The key point 

concerning this nexus is that stakeholder opposition, particularly among 

aboriginal people contesting unresolved land claims, prevented the construction of  

oil and natural gas pipelines that had been proposed on largely economic grounds. 

 In one case, through the Alaska Native Claims Settlement Act of 1971 

(ANILCA), resolution of this conflict cleared the way for construction of the 

Trans Alaska Pipeline System. In a contrasting case, in Canada, the failure to 

establish an institutional remedy analogous to ANILCA led to a royal 

commission, the Mackenzie Valley Pipeline Inquiry or Berger Commission, that 

put all pipeline development on hold for at least ten years, until the land claims of 

the Dene people had been resolved. With the resolution of the land claims through 

appropriate institutional frameworks, and the resulting  empowerment to use the 

land base for Native-owned economic enterprise, stakeholders such as Frank 

T’Seleie and Stephen Kakfwi, who had strenuously opposed energy development 

in northwest Canada, now support such development. 

The lesson I learned from my own participation in this story as an 

environmental policy consultant is that what I have termed the institutional 

mobilization of stakeholder participation, with the ability of stakeholders to exert 

control over development and shape its outcomes to support their goals, was 

crucial to the change in attitude and thereby increased the sustainability of the 

developments in question. 
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With this awareness, I wanted to develop a deeper familiarity with the 

sustainable development literature to ascertain to what extent the concepts I had 

learned in Alaska were reflected in theory and application. Chapter II explores 

this question in some detail. After examining two other forms of sustainability— 

the sustainable yield of renewable resources and sustainable fish and wildlife 

management—I discovered a vast and diverse sustainable development literature 

that covered a multitude of disciplinary approaches. Within this literature I 

discerned two basic lines of argument, which I called the intergenerational equity 

and human development strands. These were not explicitly differentiated in the 

literature as separate theoretical lenses. As I explored the literature, however, it 

became clear that the two strands, while not mutually exclusive, were based on 

different premises and articulated different goals. 

The intergenerational equity strand, with its origins in the environmental 

movement of the late 1960s and 1970s, is symbolized by the Brundtland Report 

(WCED 1987), which explicitly defined sustainability in terms of 

intergenerational equity, with the altruistic imperative of limiting present 

consumption to ensure adequate resources for future generations. It is represented 

by authors such as Harris and Goodwin (2001), who argue that sustainable 

development has four essential dimensions: social, ecological, economic, and 

ethical. As discussed in Chapter II, I found the intergenerational equity strand of 

the sustainable development literature to have weaknesses in three key areas: (1) 

lack of consensus on a theoretical foundation; (2) lack of practical methods for 

implementation, including predictive tools, and (3) a strongly normative social 
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agenda aimed at placing limits on consumption and change, and thus framed in a 

negative context. 

As I read the literature of the intergenerational equity strand, I concluded 

that it lacks a coherent unifying paradigm. The central organizing principle is 

“doing without today in order to help those who follow in the future.” This seems 

to be more a normative goal than an intellectually testable proposition about the 

world. Its weakness is emphasized by critics such as Beckerman (2002) who 

argue that, particularly in developing countries, sacrificing present welfare 

maximization out of concern for abstract future generations is neither a realistic 

nor altruistic policy. This is reflected, they argue, in the recent trend toward 

“weak” versions of sustainable development, which allow tradeoffs in which 

some natural resources can be depleted if there is compensation through increases 

in, or protection of, other natural resources or—weaker yet—substitution of man-

made capital for natural capital. 

As Chapter II suggests, the basic philosophical question regarding 

intergenerational equity is whether future generations can be shown to have rights 

that trump current welfare maximization. In particularized form, the questions 

become “Do future generations have the right to non-declining welfare?” and, if 

so, “Does this right require present generations to avoid maximizing welfare?” 

Because these questions are not empirically resolvable, the intergenerational 

equity concept remains a matter of opinion and is difficult to frame as a coherent 

research program. As a result, the literature abounds with a rich diversity of 

papers from ecological, communitarian, economic, ethical, and many other 
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perspectives, rich in ideas, largely theoretical, and difficult to unify and 

operationalize. This inchoate diversity leads, as Sen (2001) notes, to the “wide 

variance of contexts and concerns” and valuational priorities that typifies the 

intergenerational equity literature as “what may or may not be an embarrassment 

of riches but certainly is an embarrassment of some sort.” 

In contrast, the human development strand, which has roots in South Asia 

and is represented by humanistic economists such as Sen, Mahbub ul Haq, and 

Streeten, is pragmatically organized around the principle that improving the 

quality of life, and indeed the freedom, of present generations will create 

conditions that become self-sustaining and thus increase the likelihood of future 

well-being. The emphasis is on the present, and the potential of current 

improvements to be sustainable is secondary, although acknowledged as 

necessary and important. As discussed in Chapter II, the human development 

literature presents abundant empirical evidence that improvements in living 

standards do tend to be perpetuated through higher education, higher per capita 

income, lower infant mortality rates, better nutrition for children, improved health 

care delivery, and other pathways that can be monitored and measured over time. 

The human development paradigm has two obvious advantages over the 

intergenerational equity strand. The first is that the human development strand has 

money. It is supported by stable international lending institutions, which fund not 

only investments in developing countries but also investments in research and 

publication, as demonstrated by a large and coherent body of reports on 

sustainable development from the World Bank, the United Nations Human 
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Development Programme, the Organization for Economic Cooperation and 

Development, and others. 

A second advantage, which stems from the first, is that the human 

development framework is far more operationalized than the intergenerational 

equity concept. I invoked the research program model of Imre Lakatos (1978) to 

contrast the two strands, suggesting that the intergenerational equity paradigm 

lacks the hard theoretical core and robust protective belts of auxiliary hypotheses 

so evident in the human development literature. I noted that the protective belts of 

the human development paradigm include an almost infinite number of 

opportunities to test community- or country-specific hypotheses using tools to 

predict, monitor, measure, and publish the results. 

I concluded that in the long run, the two strands may coalesce, with the 

more effectively operationalized human development strand providing a vehicle 

for the implementation of intergenerational equity goals. The prospect of this 

outcome is supported by examples such as the work of Putnam et al. (1993) on 

civic and political institutions in modern Italy and of Moffatt et al. (2001) on 

sustainable development in Scotland under European Union membership, which I 

consider hybrids, or connecting bridges, between the two strands, because they 

frame intergenerational equity considerations in terms of economic and 

institutional functions that can be modeled, observed, and measured. 

I went on to suggest that there are connections between the energy 

development conflicts recounted in Chapter I and the sustainable development 

concepts explored in Chapter II, in that the empowerment of stakeholders, as 
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emphasized by Sen, is a key to sustainable development. In the two contrasted 

cases of Alaska Native people and the Dene people of northwest Canada, oil and 

gas development became a practical possibility over the long term only after legal 

and economic institutions were established to facilitate, or mobilize, stakeholder 

participation in shaping the outcomes to their own benefit. 

In Chapter III, I returned to NEPA and reviewed its history and regulatory 

development over the past three decades to establish the context for discussing 

cumulative effects assessment, or CEA. I argued that the increasing interest in 

CEA among regulatory agencies can be explained by a desire to reduce the risk 

inherent in the piecemeal approval of individual development projects. The 

perceived risk, confirmed repeatedly by agency representatives participating in 

the November 6, 2001 CEA workshop discussed in Chapter V, is that the meta-

development resulting from agency decisions—the regional, long-term change in 

environmental conditions created by individual approvals fragmented among 

different agencies with different missions—might not be sustainable. This was the 

point made by Mr. Mike Sotak, the former Federal Power Commission staffer 

discussed in Chapter I who, in his May 1, 2000 interview, explained that the 

decision to “float” the Alcan pipeline route was based on his perception that the 

Arctic Gas route, while supported economically and technically, would not be 

sustainable politically. 

In this context, federal agencies—and, increasingly, state and local 

jurisdictions, as shown, for example, by the Maryland State Highway 

Administration’s Secondary and Cumulative Effects Analysis Guidelines (MSHA 
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2000)—regard CEA as a means to anticipate the unintended consequences of 

well-intended actions. Because NEPA is explicitly multidisciplinary, it is, in the 

United States, the only federal legal institution designed to synthesize the 

ecological, social, economic, and ethical (Environmental Justice) components of 

development decisions and, at the same time, ensure that stakeholders have a role 

in shaping those decisions. For this reason, I argued, NEPA is an enabler for 

intergenerational equity goals, and CEA is the NEPA implementation tool 

specifically intended to further those sustainability goals. 

Continuing, I noted a number of weaknesses in the current state of the 

CEA practice, particularly with respect to variability of method, as documented 

by McLaughlin (2001), McCold and Holman (1995), and others. This set the 

stage for the presentation, in Chapters IV and V, of a new approach to facilitate 

implementation of the CEA guidelines published by the CEQ (1997c) and EPA 

(1999). 

In Chapter IV, I established the context for the proposed renewal of the 

federal right-of-way lease for the Trans Alaska Pipeline System (TAPS) by 

providing historical background recounting past conflicts about the question of 

whether the pipeline system would be sustainable. Then, I explained my own 

involvement as the methodology leader of a team of consultants hired to prepare 

the CEA for the TAPS Right-of-Way Renewal Environmental Report (TAPS 

Owners 2001). The team had encountered difficulty in interpreting and following 

ambiguous steps in the otherwise useful guidance contained in the CEQ’s 

handbook, Considering Cumulative Effects under the National Environmental 



 

240 

Policy Act (CEQ 1997c). The chapter explains how our team developed a 

modified approach that was based on the CEQ guidance but structured with 

greater clarity and precision, and in a sequence more representative of the process 

an analyst might actually follow to perform the CEA. The chapter presents the 

sequence step by step, including an original approach taken to present the 

predicted cumulative effects associated with the TAPS lease renewal in terms of 

risk assessment.  

I concluded that the prototype method developed for the TAPS 

Environmental Report had several disadvantages. There had been no public 

scoping process in which stakeholders might well have shaped and improved the 

eventual CEA methodology that emerged, in addition to providing information on 

the content of the analysis. In addition, our screening process relied on large 

spreadsheets (Appendix C) that were used as analytic tools but not made available 

for public scrutiny. Consequently, the approach lacked transparency, because the 

reader could not see firsthand the analytic framework used to identify potential 

cumulative effects, although the results and rationale were summarized in the text 

discussions. 

Chapter IV also explains that the intensity/probability matrices used to 

display the ranked cumulative effects would not be sufficient for use in NEPA 

documents, because they did not communicate the process leading to the impact 

evaluations, especially the significance criteria and the position of each identified 

impact relative to its significance threshold. 
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Although the chapter concludes that a more systematic and transparent 

CEA methodology would be required, it shows how the original prototype that 

would provide the foundation for subsequent refinements was developed, and it 

presents the rationale for modifying some elements of the sequence recommended 

in the federal guidance. At the end of the CEA process, our team believed that we 

had made significant progress toward a clarifying approach, but that more still 

had to be done. 

Chapter V describes how a substantially improved CEA approach was 

developed through our team’s involvement in the Alaska Groundfish Fisheries 

PSEIS (U.S. Department of Commerce 2001, 2003, 2004) and with the help of 

regulatory agency representatives who participated in a one-day CEA workshop 

that I organized and led in November 2001. Again, the resulting analytic 

methodology is presented step by step and compared in tables with the earlier 

TAPS procedure and with the CEQ’s recommended procedure. Chapter V argues 

that the active stakeholder participation, wide agency and public review, and legal 

and technical scrutiny which our CEA method received as a result of its role in a 

consequential public policy decision provided an extraordinarily rigorous public 

testing of the approach. 

The necessity of preparing three complete drafts of the PSEIS, with the 

first two incorporating a large volume of public and agency comments, provided 

the advantage of an iterative process through which successive refinements were 

made. The chapter concludes that the resulting CEA approach is a transparent, 



systematic, cost-effective, and replicable methodology suitable for use as a 

standard procedure, and fully consistent with CEQ and EPA guidance. 

 Reflections in Hindsight 

In retrospect, there are several things that I would have done differently, 

from a technical standpoint, in performing the work described in this dissertation. 

I would have avoided the risk assessment approach to rating impact significance 

used in the TAPS Environmental Report, because that approach did not conform 

to standard NEPA practice. More substantively, the intensity/probability ranking 

of potential cumulative effects failed to display the rationale or justification that 

led to the positioning of each individual cumulative effect within the matrix. 

Although this information was available in the text, it was not provided in a 

graphic that allowed the reader to understand it at a glance. In this sense, the 

probability/intensity matrix was a secondary or ancillary treatment of the results 

that was presented without first displaying the primary evaluation, which was 

based on significance criteria and thresholds. The positive aspect of this failing, 

however, was that it alerted me to the need for greater transparency in the refined 

approach. 

In preparing the Alaska Groundfish Fisheries PSEIS, I would have 

consolidated the text discussions, which were prepared by many marine 

specialists and were, while technically accurate, overly fragmented and expansive. 

At the same time, I would have interviewed those same marine specialists to 

develop a synthesis of the CEA results, allowing the team to communicate a high-
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level, big-picture perspective on their environmental implications for future 

fisheries management. The team did make an effort to consolidate the text and 

tables, going from nine volumes in the 2003 draft to seven in the final 2004 

version, but the final document was still daunting in its size and complexity. 

In the November 6, 2001 CEA workshop with agency representatives, I 

would have questioned the participants regarding future CEA applications 

planned to further their agencies’ missions. Our focus was on developing a 

standard method, and that effort occupied the day, but it would have been useful 

to have future applications in mind at the start of the process, and to explore the 

potential for greater interagency coordination in CEA practice. 

Finally, it is important to note that the ideas explored in these pages have 

many implications for political science that I have considered beyond the scope of 

the dissertation. For example, I have chosen not to examine the political dynamics 

of the stakeholder role. Stakeholders include all those affected by a policy or 

project: the sponsors as well as local residents. Individuals within either group can 

be further differentiated in many ways. Which stakeholders, or stakeholder 

categories, are the more “important”? Examining the implications of this question 

would open many lines of inquiry. For example, policy learning will occur when 

seemingly powerless local people come to grips with powerful sponsors. These 

sponsors, whether in the public or private sector, are also stakeholders, because 

they will be affected by the outcome of the policy or project. Both groups will 

learn from the process, and the outcome is likely to be altered as a result. 

Institutional mobilization may be a defining factor in determining the degree and 
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nature of policy learning that will occur as groups of stakeholders with seemingly 

little in common come together to bargain in confrontational or cooperative ways. 

Frank T’Seleie and other Dene who testified before the Berger Commission were 

not financially wealthy or politically powerful in the conventional Western sense, 

but they stopped the Arctic Gas pipeline in the 1970s.  From the standpoint of 

political science, therefore, the interaction between more and less powerful 

stakeholder groups, and the resulting tradeoffs, are of great interest.  

I have chosen not to explore the many implications for environmental 

justice inherent in CEA, but this is a practical topic with parallels between 

developing countries and the developed world. Environmental justice is a 

fundamental element of sustainability and plays an increasing role in 

environmental case law. Because it ties directly to the ethics component of the 

intergenerational equity strand in the sustainable development literature and, more 

to the point, affects the fairness of policy outcomes and the quality of real lives, 

environmental justice methodology deserves further examination as a component 

of environmental impact assessment. 

 Finally, governmental agencies have a stake in controlling their 

procedures for shaping environmental policy, including the way in which CEA is 

conducted. Policy innovation has political conditions, and I have chosen not to 

examine these conditions as they relate to my case studies, and to CEA in general, 

simply because additional time and many more pages would be required. 

Nevertheless, the interesting questions are there, waiting to be explored, and I 

would be remiss not to point them out. 
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 Advantages of a Standard CEA Method 

The analytic approach presented in this dissertation is intended as a 

contribution toward the standardization of CEA methodology. By this, I do not 

imply that a standard method would be a “cookbook” approach to be followed in 

rote fashion by NEPA practitioners (who would not do so, in any case). The 

method presented here is essentially a clarification of the informal guidance in the 

CEQ handbook, modified to make the analytic process more systematic, 

transparent, and efficient. The wider use of this approach would not affect the 

procedures used to identify and evaluate resource-specific impacts, but it would 

afford a degree of assurance that cumulative effects assessments, regardless of 

their specific topics, were organized, conducted, and documented in 

approximately the same way from one agency to another. As noted by agency 

representatives participating in the 2001 CEA workshop, different agencies 

presently interpret the CEQ handbook guidance in different ways, establishing 

procedural precedents that become codified in internal directives, which in turn 

influence the consulting community that performs much of the work. Over time, 

the procedural pathways established by agency precedent will increasingly 

diverge, making it even more difficult to obtain a synoptic view of regional 

cumulative effects. Yet the ability to discern these larger impact patterns is a 

rationale for performing cumulative effects analyses in the first place. 

Standardization would also facilitate cross-cutting analyses that selectively 

examine similar kinds of proposed actions from region to region, or from year to 

year, to see whether there are correlations between similar types of actions and the 
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suite of cumulative effects predicted for them. In addition, time-series analyses 

would be more feasible, for example, in cases where an agency wants to know 

whether a particular management policy has led to a diminution of predicted 

cumulative effects over a period of time. Obtaining this type of feedback is 

difficult when results cannot be systematically compared and aggregated in 

different ways for the analysis of trends and patterns. The basic problem is that 

agency resources are expended in conducting CEA, but the information-rich 

results of the analyses have little utility beyond their influence on the immediate 

decision. 

Another important advantage of using a standardized CEA approach 

applies to tiering. Under the CEQ regulations implementing NEPA (40 CFR 

1508.28), a broad EIS—typically a programmatic EIS, like the one discussed in 

Chapter V of this dissertation, that examines alternative public policies—can 

serve as the basis upon which more narrowly scoped EIS and EA documents 

within the same policy framework can be prepared subsequently. One of the main 

purposes of the Alaska Groundfish Fisheries Programmatic SEIS was to serve this 

role by defining a broad range of alternative policy-level fishery management 

plans (FMPs). After the selected FMPs for the Bering Sea/Aleutian Islands and 

Gulf of Alaska regions are put into effect, they will be implemented and managed 

in future years through a series of amendments, each of which will be preceded by 

an EA which examines alternative management provisions. These future 

documents will be tiered to the Programmatic “parent” SEIS. Consequently, the 

assessments of direct, indirect, and cumulative effects in the tiered EAs will be 
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based upon, and extensions of, the detailed assessments in the earlier, policy-level 

PSEIS. For the tiering system to work properly, however, the future assessments 

must be performed to the same standards as those in the PSEIS, so that the future 

results can be linked to the earlier ones. Use of a standardized CEA procedure 

will help to ensure that this goal is accomplished, as in the case of future NEPA 

documents that will be tiered to the Alaska Groundfish Fisheries PSEIS. 

Finally, use of a standardized CEA approach would make possible a 

number of future innovations in environmental impact assessment, two of which 

are briefly surveyed in the following discussion. 

 Future Possibilities 

The CEA approach presented in this dissertation has been designed to 

expand the potential for future impact assessment innovations that would be 

difficult to achieve without a standard method. Some of these, relating to the need 

to develop a synoptic or big-picture view, in space and time, through data 

aggregation and cross-cutting analyses to identify patterns, trends, and 

correlations, have already been noted. There are two additional applications, 

however, that hold great promise for future CEA practice: the development of 

relational databases and the application of CEA to strategic environmental 

assessment (SEA). 
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THE CEA DATABASE 

Our team is currently developing a relational database of persistent past, 

present, and potential future effects that will allow NOAA Fisheries1 and North 

Pacific Fishery Management Council staff and their contractors to streamline 

future NEPA compliance efforts related to CEA. 

The database, which is now a working prototype, captures and organizes 

the identified past, present, and reasonably foreseeable future effects documented 

in the 2004 Final Alaska Groundfish Fisheries PSEIS that could contribute to the 

potential cumulative impacts of proposed new fisheries management actions and 

their alternatives. In this way, the database, if it is eventually used, could facilitate 

the preparation of future NEPA documents (EAs) tiered from the PSEIS. It could 

also provide a consistent starting point for analysts preparing cumulative effects 

analyses, and allow updating by NOAA Fisheries and Council staff on a regular 

basis.  

Because the database is relational, it can allow users to collate past, 

present, and future effects by standard NEPA compliance document descriptors 

such as the affected species, ecosystem component, or fishing community; time 

period; geographic location; type of human action or natural event producing the 

effect; and resulting potential cumulative effect(s). Data are linked to full 

literature citations. If implemented on a trial basis, the database will be distributed 

on CD and confined at first to information from the PSEIS. It would be possible 

in the future to update and expand the database on an ongoing basis to incorporate 

                                                 
1 NOAA Fisheries is the current informal designation for the National Marine Fisheries Service. 
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additional information from other NEPA documents. The database is being 

designed for suitability as a web-based application. 

The point of the CEA database is to provide a “rolling” electronic 

document that would be continually updated with information relevant to 

predicted cumulative effects within the Alaska Region of NOAA Fisheries. It 

would serve as a web-based resource for NEPA practitioners responsible for 

preparing the succession of EAs for future FMP amendments that will be tiered to 

the Alaska Groundfish Fisheries PSEIS. If the database actually becomes 

available, these analysts will be able to access the updated information in cross-

cutting ways by pairing different data fields. This will allow them to incorporate 

new information already tiered to the PSEIS in the database. For example, 

analysts will be able to see the results of CEAs performed for other tiered EA 

reports prepared after the PSEIS, and they will also have access to the resource 

components; past, present, and reasonably foreseeable actions and events; 

significance criteria and thresholds; and CEA rankings in those documents. This 

will allow future NEPA practitioners to build on previously compiled information 

and to avoid redundant analyses, thereby facilitating compliance with the 

regulatory intent of tiering. 

CEA APPLICATION TO STRATEGIC ENVIRONMENTAL ASSESSMENT 

Canada and the European Union have adopted an approach to 

environmental impact assessment (EIA) called strategic environmental 

assessment (SEA). In brief, the idea behind SEA is to elevate the level of EIA 

from individual development projects to the examination of sustainability at the 
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regional or even national planning level, or for broad economic and industrial 

sectors. In Canada, for example, regional resource management or planning 

studies consider past, present, and potential future environmental change over 

large geographic regions and long (10 to 100 years) time frames. These studies, 

like the Mackenzie Basin Impact Study  (Environment Canada 1997) discussed in 

Chapter II, are designed to assess regional baseline conditions before major new 

activities, such as mining or petroleum development, are introduced to a region, 

or to measure changes already occurring across a region, and they are typically 

conducted by governmental agencies with broad stakeholder participation 

(Antoniuk 2002). Individual project assessments, which include CEA, are still 

required, but the SEA approach can provide a regional context and environmental 

management goals to guide individual project-specific assessments. 

In a far-reaching paper, Creasey (2002) argues that the incremental 

budgetary paradigm of Wildavsky (1964) characterizes project-specific CEA in 

Canada, in that the fragmentary, piecemeal assessment of individual project 

proposals results in incremental approvals and incremental change. This is also 

true in the United States, as discussed in this dissertation. In Canada, however, 

SEA is conducted at the regional level to detect and measure ongoing incremental 

environmental change, whereas there is no comparable process formally 

conducted in the United States to develop a synoptic view of the meta-impact. 

Under NEPA, the Programmatic EIS comes closest to this standard through the 

CEA process, but we have seen that the state of CEA practice in the United States 

is still in its formative stage. Even in Canada, the agencies conducting regional 

250 



CEA programs rarely have the authority to implement recommended mitigation 

and adaptive management measures, the final two steps of both the CEQ guidance 

and the CEA approach presented in this dissertation (Spaling et al. 2000). 

In the United Kingdom, CEA has been required for project EIAs since 

1988, but it is still infrequently conducted and not clearly defined in legislation. 

Cooper and Sheate (2004) point out, however, that the incorporation of the 

European Union SEA Directive of 2001 into U.K. law in 2004 provides a legal 

and institutional basis for conducting CEA at the planning, programmatic, and 

project-specific levels in the U.K. They note that NEPA provides a similar 

potential for programmatic EIA in the United States. 

CEA is ideally suited for regional and programmatic assessments, because 

it incorporates (1) a broad geographic scope, (2) a long time scale, and (3) the 

continuity and trends inherent in past, ongoing, and reasonably foreseeable future 

actions. And, like, SEA, it should at its best produce a synoptic view that reveals 

the pattern of interconnected environmental changes that are occurring and 

expected to occur across a region. 

Any form of regional environmental assessment, whether by SEA in 

Canada and Europe, or by Programmatic EIS in the United States, will be 

facilitated by consistency of method. It is possible that, with time, programmatic 

or strategic assessments will become more frequent in the United States, as they 

have in other developed nations. If so, the incorporation of a standard CEA 

methodology will help to increase the likelihood that future development 

initiatives will be sustainable. 
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Hypothetical Example of a Cumulative Effects Assessment (CEA) Matrix 
 

For each alternative, prepare matrices that group resource components for the physical, 
biological, and socioeconomic environments. (The hypothetical example used here applies to 
selected resource components for the physical environment under Alternative 1, Proposed 
Action.) Note that an endangered or threatened species, a particular caribou herd, or other 
resource component with unique characteristics or special regulatory standing may warrant 
an individual table of its own to document potential cumulative effects in greater detail. 

The following table is an example of a cumulative effects assessment (CEA) matrix. 
Moving from left to right across the table, the procedure for filling in the matrix is as follows. 
Columns  and : This information is based on discussions presented in the Environmental 

Consequences chapter, Direct and Indirect Effects sections, of the environmental report 
(ER). In matrix column 1, provide the topic heading for the type of environmental effect 
under consideration. In column 2, summarize (a) the predicted direct or indirect effect of 
the alternative under consideration, (b) whether the effect is predicted to be beneficial (+) 
or adverse (-), and whether the effect is predicted to be significant (S) or not significant 
(NS). Reference the supporting text sections of the ER. 

Column  asks if there is any lingering or persisting effect from a past external influence, 
whether human action or natural event. This information is based on the results of the 
past external action research and on the text of the Affected Environment chapter. State 
whether the effect is beneficial (+) or adverse (-), and cite the appropriate sources. 

In columns  and , summarize each identified external influence to assess if it might have 
a potential additive or interactive (synergistic) contribution to the listed direct and 
indirect project effects. State whether the influence is beneficial (+) or adverse (-), and 
cite the appropriate information sources. 

Column  asks if there is a potential cumulative effect. The determination of a cumulative 
effect results from identifying an additive or interactive process between a predicted 
direct or indirect effect of the alternative under consideration (column 2) and one or more 
of the external influences reviewed in columns 3, 4, and 5. 

 Column  asks whether the potential cumulative effect identified in column 6 would be 
significant. Enter Yes or No, followed by the rationale you used to make that 
determination. If Yes, state whether the potential effect is beneficial (+) or adverse (-), 
with supporting literature citations. Indicate the degree of contribution that the alternative 
will make to the cumulative effect, relative to the external influences. Reference the 
appropriate ER section where the supporting explanatory text can be found.1 

 
1 You may find it works best to write the explanatory text for the Cumulative Effects section after you complete 
the CEA matrix, allowing the matrix to serve as an organizational tool. Either way, text and table should be 
securely linked and consistent with each other.  



 

 
 

 
Hypothetical Example of a Cumulative Effects Assessment (CEA) Matrix (2) 
Alternative 1: Proposed Action 
Physical Resources  

 
 

  PRESENT and REASONABLY FORESEEABLE FUTURE EXTERNAL INFLUENCES   
   

Human Actions 

 
Natural Events 

 
 

Potential 
Cumulative 

Effect? 

 
 

Significant? 
Beneficial (+) or Adverse (-)? 

 
 

 
Type of Effect 

 
 

 
 

 
Predicted 
Direct or 
Indirect 
Project 

Effects? 
 
 

 

 
 

 
Persistent 
Influence 
from Past 
External 
Action or 
Natural 
Event? 

  
Existing 
Project A 

 
Existing 
Project B  

 
Future 

Project C 

 
Global 

Pollutants / 
Arctic Haze 

 
Flooding 
at Spring 
Breakup 

 
Storm 
Surge  

    

DEGRADATION 
OF AIR QUALITY 
 

Yes (-)  (NS) 

New 
stationary- 
source 
emissions will 
occur within 
permitted 
thresholds 
(Citation). 

 No 

 
 Yes (-) 

Permitted 
stationary-

source 
emissions 
will add to 

project 
emissions 
(Citation).  

Yes (-) 
Permitted 
stationary-
source and 
mobile 
equipment 
emissions will 
add to project 
emissions 
(Citation). 

Yes (-) 
Emissions from 
limited mobile 
equipment 
operations will 
add a minor 
increment to 
project 
emissions 
(Citation). 

Yes (-) 
Background levels 
of gaseous and 
particulate 
contaminants will 
add to project 
emissions 
(Citation). 

N/A N/A  Yes 
Project will add to 
emissions from 
existing and future 
projects and to 
arctic haze 
(Citation). 

 No 
• Other projects in area will also fall under New Source 

Performance standards (Citation). 
• The regulated increase in total emissions will not exceed the 

ADEC Ambient Air Quality threshold for the North Slope 
(Citation).  

• The Proposed Action is not expected to contribute measurably to 
arctic haze (Citation). 

CHANGES IN 
SURFACE 
HYDROLOGY 
 
 

Yes (-) (S) 

Construction 
of a 3.5 km 
bermed gravel 
road through 
wet sedge 
tundra will 
block sheet 
flow, creating 
ponding on 
the upstream 
side and drier 
conditions 
downstream 
(Citation). 

 Yes (-) 

Gravel roads 
and pads 
built to 
support 
former 
projects are 
still present 
in the vicinity 
and produce 
about 15 km 
of linear 
ponding 
(Citation).  

 Yes (-) 
Ponding 
occurs along 
a 2.7 km 
portion of  
the access 
road to 
Project A 
(Citation).   

Yes (-) 
Ponding is 
documented 
along a 5.2 
km portion of  
the access 
road to Project 
B and on the 
east side of 
the gravel 
support pad 
(Citation).  

Yes (-) 
Project C will be 
built in wet 
sedge tundra 
and is expected 
to block sheet 
flow along an 
estimated 4 km. 
Serial 
equalization 
culverts will be 
incorporated into 
the project 
design to 
mitigate ponding 
(Citation). 

N/A Yes (-) 
Spring 
flooding would 
augment 
ponding along 
the access 
road, and the 
flooded 
condition 
would persist 
longer than 
normal 
because of 
blockage 
(Citation). 

Yes (-) 
Storm surge 
would augment 
roadside 
ponding 
(Citation). 

 Yes 
The additive result 
of ponding along 
3.5 km of the 
proposed access 
road in combination 
with ponding from 
past and existing 
projects, spring 
flooding, and storm 
surge events would 
produce an 
adverse cumulative 
effect (Citation). 

 Yes (-) 
• The proposed action would add about 3.5 km to the existing 7.9 

km of roadside ponding from Projects A and B, an increment of 
about 44%. This exceeds the cumulative significance threshold 
of a 10% linear increment in ponding. Additional cumulative 
effect would result from ponding along gravel roads and pads 
remaining from past projects and from the future construction of 
Project C. In total, over 30 km of cumulative ponding would 
occur, with about 11.5% due to the proposed action (Citation). 

• Spring flooding and storm surge events will increase the volume 
of impounded water and create a potential for road breaching 
and washouts (Citation). 

• Ponding from fill placement is considered adverse from a 
regulatory standpoint, because it alters pre-existing habitats 
(Citation). However, impoundments tend to melt earlier in the 
spring than natural water bodies and provide beneficial ice-free 
aquatic habitats for early-arriving migratory waterfowl and 
shorebirds (Citation).  

DEGRADATION 
OF 
FRESHWATER 
QUALITY 

 

Yes (-) (NS) 

Short-term 
increases in 
turbidity will 
not produce 
lasting 
changes that 
exceed ADEC 
turbidity 
thresholds 
(Citation).  

 Yes (-) 

There is a 
potential for 
increased 
turbidity and 
sediment 
load at or 
near old 
exploratory 
pads 
(Citation). 

 Yes (-) 
Minor water 
quality 
changes 
(increases in 
turbidity) 
have 
occurred in 
tundra ponds 
near this 
facility 
(Citation). 

Yes (-) 
Lead and 
chromium 
concentrations 
slightly above 
background 
levels have 
been detected 
in tundra 
ponds near 
this facility 
(Citation). 

Yes (-) 
Localized water 
quality changes, 
which can be 
mitigated, are 
expected to 
result from 
construction and 
operation of 
Project C 
(Citation). 

N/A Yes 
Flooding could 
distribute 
water quality 
contaminants 
(Citation). 

Yes 
Storm surge 
could distribute 
water quality 
contaminants 
(Citation). 

 Yes 
Local sediment and 
contaminant 
releases from other 
projects could add 
to small sediment 
and contaminant 
releases from 
Proposed Action 
and be 
exacerbated by 
flooding and storm 
surge (Citation). 

 No 
• Turbidity increases will be minimized by winter construction and 

will not cumulatively exceed ADEC thresholds (Citation). 
• Incremental contaminant releases by the Proposed Action, if 

any, would be too small to increase cumulative background 
levels (Citation). 

• Effects of flooding and storm surge may temporarily increase 
turbidity but will not  lead to cumulative increases in water quality 
contaminants in combination with the Proposed Action (Citation). 

CHANGES IN 
PERMAFROST 
SOILS 

Yes (-) (NS) 

Localized 
thermal 
erosion is 
expected and 
will be 
minimized by 
standard 
permafrost 
construction 
techniques 
(Citation). 

 Yes (-) 
Past 
construction 
of roads and 
pads has led 
to persistent 
but localized  
thermal 
erosion, 
slumping, 
and 
thermokarst 
(Citation). 

 Yes (-) 
Site-specific 
cases of 
thermal 
erosion have 
been 
documented 
for this 
project 
(Citation). 

Yes (-) 
Site-specific 
cases of 
thermal 
erosion have 
been 
documented 
for this project 
(Citation). 

Yes (-) 
Localized 
thermal erosion 
is expected and 
will be minimized 
by standard 
permafrost 
construction 
techniques 
(Citation). 

N/A N/A N/A  Yes 
Unintended 
changes to 
permafrost soils 
could result even 
with mitigative 
construction 
techniques, but 
they are expected 
to be minimal 
(Citation). 

 No 
• Changes in permafrost soils from new construction will be 

avoided or minimized and, where they do occur, site-specific 
(Citation). 

• No additive or interactive cumulative effect is predicted from 
localized cases of thermal erosion resulting from former or new 
construction (Citation). 
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 A Glossary of CEA Terms 
By Robert Senner 

 

Listed terms are in italics. 
 

Baseline: The baseline is a “snapshot” of the affected environment at a 
particular time (usually a year, e.g., 2002), against which the effects of a 
subsequent or future action can be compared. It systematically describes the 
conditions of the resource components comprising the physical, biological, and 
socioeconomic environments at a specified point in time shortly before the 
proposed action or any alternative action would begin. A defensible baseline 
consists of the pre-project environmental conditions as documented by evidence 
from research and is usually set in the present or the very recent past (because 
descriptions of even the near future are necessarily speculative and cannot be 
documented). Wherever feasible, baseline conditions should be stated in 
quantitative terms. By starting from a quantitative baseline, predicted effects of 
the proposed action and its alternatives can be compared most effectively to 
existing environmental conditions, legal standards, and significance thresholds. 
For further perspective on the baseline concept, including the addition of a 
second, separate benchmark for assessing cumulative effects, see below: 
Environmental reference point. 
 
Biological environment: As used here, the term biological environment refers 
to living characteristics of the environment other than those involving human 
beings, i.e., “natural” biological features such as microbes, plant communities, 
wetlands, wildlife, and habitats. The biological environment is not a NEPA 
concept, but the term has come into use as a convenient means of organizing 
discussions of the affected environment and environmental consequences. 
 
Cumulative effect: As defined by the federal regulations implementing NEPA 
(40 CFR 1508.7), a cumulative effect or “Cumulative impact is the impact on the 
environment which results from the incremental impact of the action when added 
to other past, present, and reasonably foreseeable future actions regardless of what 
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agency (Federal or non-Federal) or person undertakes such other actions. 
Cumulative impacts can result from individually minor but collectively significant 
actions taking place over a period of time.” Note that the regulatory definition 
does not include natural events, such as climatic regime shifts or global warming, 
as part of the past, present, and reasonably foreseeable actions that must be 
considered. Nevertheless, current NEPA practice does incorporate natural 
phenomena, when appropriate, into cumulative effects assessment. 
 
Cumulative effects assessment (CEA) matrix: A CEA matrix is a table 
that facilitates bringing together the necessary analytic components to perform a 
systematic cumulative effects evaluation in compliance with the CEQ guidelines 
(1997). The advantage of a CEA matrix is that it functions as an analytic tool and 
informational table at the same time, thereby allowing the logical structure of the 
analysis to be apparent along with the results.  
 
 Ecologically sustainable condition: This term was introduced in May 1999 
by the U.S. Environmental Protection Agency’s Office of Federal Activities to 
guide EPA staff in their consideration of cumulative effects during reviews of 
NEPA documents under Section 309 of the Clean Air Act (EPA 1999). In Section 
4.4, Describing the Condition of the Environment, the EPA guidelines state: 

The NEPA analysis should establish the magnitude and 
significance of cumulative impacts by comparing the 
environment in its naturally occurring state with the 
expected impacts of the proposed action when combined 
with the [past, existing, and reasonably foreseeable future] 
impacts of other actions. …If it is not possible to establish 
the “naturally occurring” condition, a description of a 
modified but ecologically sustainable condition can be used 
in the analysis. In this context, ecologically sustainable 
means the system supports biological processes, maintains 
its level of biological productivity, functions with minimal 
external management, and repairs itself when stressed. 

The EPA guidelines recommend designating an environmental reference point as 
a benchmark to represent the environment in its naturally occurring condition (see 
the following entry). Because in many cases involving developed areas, the 
naturally occurring condition would have occurred in the past, documented 
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evidence may not be available to characterize it. In such cases, the EPA 
guidelines recommend substituting “a modified but sustainable ecosystem 
condition” as the environmental reference point. This would most likely occur at a 
point in the past more recent than the naturally occurring condition. For additional 
discussion of the ecologically sustainable condition, see Bass et al. (2001), p. 109. 
 
Note: In Alaska, most of the land area is undeveloped and could defensibly be 
described as being in its naturally occurring condition today (although even in 
remote areas, air and water quality parameters may show differences from pristine 
conditions). Even for developed areas of Alaska altered by urbanization, low-
density human settlement, mining, oil and gas production, timber harvest, and 
other activities that modify the environment from its naturally occurring 
condition, the environmental reference point representing the ecologically 
sustainable condition will not be far in the past. For the North Slope, for example, 
it can be argued that the environment meets the EPA’s four criteria for an 
ecologically sustainable condition now, and that the environmental reference 
point would be the same as the present-day baseline used for assessing direct and 
indirect effects of the alternatives. Or, the environmental reference point might be 
represented as 1968, the year of the Prudhoe Bay discovery well. These are 
matters of judgment, but they must be supported in the text and applied 
consistently throughout the cumulative effects assessment.    
 
Environmental reference point: As explained in the preceding entry for the 
ecologically sustainable condition, the concept of using an environmental 
reference point in the past as a benchmark for assessing cumulative effects is 
recommended by the EPA (1999). This idea amplifies the CEQ guidance that the 
baseline for cumulative effects should not just describe current environmental 
conditions, but also “how conditions have changed over time and how they are 
likely to change in the future without the proposed action” (CEQ 1997[c]). In 
practice, this means that the description of the affected environment must include 
a historical discussion of how past human activities and natural events have 
changed environmental conditions, thus explaining existing conditions, and then 
project, on the basis of available evidence, how environmental conditions would 
most likely change in the future in the absence of the proposed action and its 
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alternatives. (The latter discussion can thus support the environmental analysis of 
the no-action alternative.)  
 
The Affected Environment chapter is the foundation for the subsequent analyses 
of direct, indirect, and cumulative effects in the Environmental Consequences 
chapter. The Affected Environment chapter identifies and characterizes the 
resource components that comprise the physical, biological, and socioeconomic 
environments, establishes and explains the environmental reference point, tells the 
documented history of how the environment got from the environmental reference 
point to its present condition (i.e., the baseline used to assess direct and indirect 
effects of the alternatives), and projects what is likely to happen in the future 
without the proposed action and alternatives. This allows the direct, indirect, and 
cumulative effects analyses to utilize the same description of the affected 
environment and provides an integrated continuum of the full sweep of the past, 
present, and reasonably foreseeable future. This historical account should 
emphasize the major trends in environmental change that have occurred in the 
past, persist today, and are likely to continue in the reasonably foreseeable future. 
Wherever feasible, environmental conditions should be described in quantitative 
terms. This allows predicted effects of the proposed action and its alternatives to 
be compared most effectively to former and existing environmental conditions, 
regulatory standards, and significance thresholds. 
 
External human actions and natural events: The CEQ guidelines (CEQ 
1997c, Table 1-5) recommend that practitioners “Identify the significant 
cumulative effects issues associated with the proposed action” and also “Identify 
other actions affecting the resources, ecosystems, and human communities of 
concern.” Predictions of cumulative effects emerge when these two steps are put 
together, as in the cumulative effects analysis matrix (Attachment B). As used in 
these guidelines, the terms external human actions and natural events are the 
“other actions” referred to by the CEQ. External human actions are activities in 
the past, present, or reasonably foreseeable future performed by people (e.g., 
construction or resource development projects, regulatory policy, major federal 
funding), but not directly involving the proposed action or its alternatives. Direct 
or indirect environmental effects of these external human actions could add to or 
interact with the predicted effects of the proposed action or its alternatives to 
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produce cumulative effects. Similarly, natural events (earthquakes, storms, floods, 
climate change) in the past, present, or reasonably foreseeable future could also 
add to or interact with effects of the proposed action or its alternatives to produce 
cumulative effects. Care must be taken in the case of a NEPA document prepared 
for a new phase of an ongoing project or program. In such a case, past and present 
direct and indirect effects of previously implemented phases, and of reasonably 
foreseeable future phases to be implemented parallel to the proposed action or its 
alternatives, would be considered external human actions and should be included 
in the cumulative effects analysis. 
 
NEPA documents: For the most part, NEPA documents are generally 
understood to be environmental assessments (EAs), environmental impact 
statements (EISs), Findings of No Significant Impact (FONSIs), and Records of 
Decision (RODs) prepared in compliance with the National Environmental Policy 
Act of 1969 (NEPA). These documents must be prepared to the content and 
process standards set forth by NEPA and the federal regulations (40 CFR 1500-
1508) and agency guidelines implementing NEPA. 
 
Physical environment: As used here, the term physical environment refers to 
non-living characteristics of the environment such as air, water, geological 
features, natural resources and energy sources, and chemical constituents and 
contaminants. The physical environment is not a NEPA concept, but the term has 
come into use as a convenient means of organizing discussions of the affected 
environment and environmental consequences. 
 
Reasonably foreseeable future: The term reasonably foreseeable future is 
not precisely defined. In general, the guidance here is to use good judgment and 
back it up with supporting assumptions and, where available, evidence (e.g., an 
existing land use or resource management plan, engineering design document, 
capital budget item, etc.). According to the CEQ guidelines, precedent from case 
law has made it clear that “reasonable forecasting” is implicit in NEPA and that it 
is the responsibility of federal agencies (and, by extension, NEPA practitioners) to 
predict the environmental effects of proposed actions before those effects can be 
fully known (CEQ 1997c). The CEQ guidelines state that “Whenever speculative 
projections of future development are used, the analyst should provide an explicit 
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description of the assumptions involved.” The guidelines also recommend that “In 
general, future actions can be excluded from the analysis of cumulative effects if 

• the action is outside the geographic boundaries or time frame established 
for the cumulative effects analysis; 

• the action will not affect resources that are the subject of the cumulative 
effects analysis; or 

• including…the action would be arbitrary.” 
 
Resource component: As used here, a resource component is any aspect of 
the physical, biological, or socioeconomic environment that might receive direct, 
indirect, or cumulative effects from the proposed action or any of its alternatives. 
For example, resource components of the physical environment might include air 
quality, water quality, soils, and gravel, among others. Resource components of 
the biological environment might include, but not be limited to, vegetation 
communities, wetlands, fish, waterfowl, raptors, songbirds, small mammals, and 
large mammals. Endangered, threatened, or otherwise protected species can 
receive individual treatment as resource components (e.g., bowhead whale, polar 
bear, Steller sea lion, spectacled eider, bald eagle). For the socioeconomic or 
social environment, resource components can span a multitude of factors, 
including social services (e.g., education, health care, transportation 
infrastructure), economic indicators (e.g., unemployment, inflation, per capita 
income), subsistence and land use (e.g., plant harvesting, hunting, and trapping 
areas, farmland, designated wilderness and recreation areas), and cultural features 
(e.g., archaeological sites, historic buildings). Comprehensive and thorough 
scoping is essential to identify the resource components that are relevant to a 
particular proposed action and its alternatives. 
 
Scoping: Scoping is the initial public involvement process by which the lead 
federal agency or its representatives solicit information and advice from 
stakeholders, including members of the public and agencies representing other 
federal, state, and local jurisdictions. The National Environmental Policy Act 
(NEPA) requires the lead agency to consult with federal agencies that have 
jurisdiction by law or special expertise on the proposed action. The lead agency 
must also solicit information from the public during document preparation 
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 (40 CFR 1501.7, 1506.6). The CEQ NEPA regulations [40 CFR 1501.7(a),(b)] 
require the scoping process to: 

• Invite affected federal, state, and local agencies, Native American 
organizations, project proponents, and other interested persons to 
participate; 

• Determine the potentially significant environmental issues to be analyzed 
in depth in the NEPA document; 

• Identify and eliminate issues determined to be insignificant or addressed in 
other documents; 

• Allocate assignments among the lead agency and cooperating agencies 
regarding preparation of the NEPA document, including the analysis of 
environmental effects and the identification of mitigation measures; 

• Identify related environmental documents being prepared; and 
• Identify other environmental review and consultation requirements. 

 
The scoping process should be conducted as early as possible in the project, 
usually by holding one or more meetings with stakeholders. It is important, as part 
of this process, to identify the goals of the assessment and to distinguish the goals 
of the applicant versus the goals of the agencies. In addition, an important goal of 
the scoping process is to identify mitigation measures that should be built into the 
project design from its inception.  Key to the successful implementation of 
suggested mitigation measures is the involvement of the design team during 
scoping.  This integrated team approach (scoping, permitting, engineering 
personnel) will insure that mitigation objectives are practicable and feasible as 
they are integrated into the project design. Detailed information on scoping is 
available from a CEQ memorandum on Scoping Guidance dated April 30, 1981. 
 
Significance threshold: To evaluate the significance of a predicted 
environmental effect, the analyst must define a threshold of significance–a 
criterion–specific to the type of environmental effect under consideration. If the 
threshold can be defined in measurable, quantitative terms, it should be. In some 
cases (e.g., air quality, water quality, wastewater standards), the threshold of 
significance can be a legal or regulatory standard. In other cases, the criterion 
should reflect a professional consensus or an approach supported in the peer-
reviewed literature. For example, biological significance thresholds can be 
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defined as a measurable change in one or more known population-limiting factors 
(habitat carrying capacity, severe climatic conditions on overwintering grounds, 
mortality from hunting or trapping, disease), and some economic significance 
thresholds can be defined in terms of policy goals and standards (poverty level, 
secondary school matriculation rates, minimum wage, employment or inflation 
targets, etc.). 
 
Significant: The term significant, as used in NEPA, does not necessarily or even 
primarily refer to statistical significance. Instead, the term is used more broadly 
and more generally to mean “important” or “making a noteworthy difference.” 
Significance must be defined in terms of both context and intensity (40 CFR 
1508.27). 
 
Social environment: As used here, the term social environment refers to the 
broad range of features characterizing human society. For example, these features 
can include health, education, census data, employment and income, economic 
multiplier effects, transportation, land use, and cultural resources, among many 
others. Resource components such as wilderness, recreation, and natural resource 
protected areas may be appropriately included in the social, rather than the 
biological, environment. The social environment is not a NEPA concept, but the 
term has come into use as a convenient means for organizing discussions of the 
affected environment and environmental consequences. Care must be taken, 
however, with respect to the term “human environment.” NEPA uses this term to 
mean the total environment–physical, biological, and social–experienced by and 
affecting people (42 USC 4332). Therefore, the human environment as used in 
NEPA is not the same as the social environment as used here. In current practice, 
the NEPA term “human environment” is synonymous with, and has been largely 
replaced by, “environment.” 
 
Traditional knowledge: Traditional knowledge is not an original NEPA term, 
but in NEPA practice it generally refers to the observations, beliefs, and practices 
of indigenous cultures. Traditional knowledge can facilitate the identification of 
past, current, and potential future environmental effects that might not be readily 
discerned using conventional science. It can also provide perspective on the value 
of environmental resource components and on the significance of changes in 

264 



them. For these reasons, traditional knowledge should be sought during scoping 
and used both to enrich the description of the affected environment and to help 
determine the range of alternatives and their potential environmental effects. The 
role of traditional knowledge is gradually being accepted and encouraged at the 
institutional level. For example, Article 8(j) of the international treaty known as 
the Convention on Biological Diversity, adopted in 1992 under the auspices of the 
United Nations Environment Programme, requires signatories “to protect and 
promote this knowledge, to engage indigenous and local communities in policy 
planning, and to encourage the equitable sharing of the benefits arising from 
traditional knowledge.” For more information, see CBD (1992) and Sellenave 
(1994). 
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Appendix C. Examples of CEA Tables used for the Draft  
TAPS Right-of-Way Environmental Report 

(TAPS Owners 2001) 

 
Note:  These tables were draft working documents prepared and used by the 

CEA team but not included in the TAPS Environmental Report. They are 
included here to show the analytic process used to assess cumulative 
effects for the TAPS right-of-way lease renewal effort. Tables were 
prepared for physical, biological, and social resource components. There 
were two categories: Issues Master Lists and Screening Tables. First, the 
Issues Master Lists compiled descriptions of predicted or actual 
environmental impacts from past documents such as environmental impact 
statements. Second, the Screening Tables were used to answer a sequence 
of questions leading to the prediction of cumulative effects in the 
reasonably foreseeable future. The tables are no longer current and are 
shown here for illustrative purposes only. 
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           Table C-1 Physical Issues Master List

Category Source* Past Issues 

TAPS CORRIDOR
   LANDFORMS

Erosion/Sedimentation TAPs FEIS 1 Soil erosion problems will demand unusual 
vigilance and maintenance.

TAPs FEIS 2 Accelerated river bank erosion resulting from 
thaw of frozen banks could occur.

TAPs FEIS 3 Erosion would occur if fine soils were not 
protected therefore damaged surfaces must be 
insulated and revegetated.

TAPs FEIS 4 Sediment concentration in streams would be 
increased by the accelerated erosion caused by 
construction activities.

TAGs FEIS 5 Cumulative effects include changes to 
streamflow induced by the presence of river-
crossing structures and sedimentation due to 
dredging for buried stream crossings.

TAGs FEIS 6  Stream crossings between the Yukon River 
and the Elliot Hwy may exhibit increased 
erosion and sedimentation due to icings which 
could impact TAPs, ANGTs or the highway.

Land Scars TAPs FEIS 7 Quarry sites will leave scars along ridgetops 
and require erosion control practices

TAPs FEIS 8 Construction scars would be visible for the life 
of the project and for years after the pipeline 
had been removed.

Permafrost /Thermal TAPs FEIS 9 Differential settlement problems will occur at 
Pumps 2 and 3.

TAPs FEIS 10 Thawing of permafrost by heat from the pipeline 
and by redirected surface and ground water 
could result in slope failure and differential 
settlement in areas underlain by ice-rich 
sediments. 

TAGs FEIS 11 Cumulative effects could also result from 
thermal degradation of fine-grained, 
discontinuously frozen soils at pipeline 
crossings and where permanent TAGS access 
roads would cross TAPs in the Copper River 
basin.  

TAGs FEIS 12 Cumulative impacts along the Yukon-Tanana 
Uplands could result from several pipelines 
passing through thermal degradation areas of 
relatively warm, ice-rich permafrost.

               *Primary source; may appear elsewhere
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           Table C-1 Physical Issues Master List

Category Source* Past Issues 
TAPs FEIS 13 In most cases, the road would thicken the 

active layer, and the underlying permafrost 
would thaw.  Differential settlement of the road 
would occur especially where the road is 
underlain by ice wedges.  

Change in Drainage 
Patterns

TAPs FEIS 14 The road embankment would divert surface 
drainage along the embankment if the road is 
along a slope.  This drainage would accelerate 
thawing of the permafrost, resulting in gullying 
and slope instability on the steeper hillside 
slopes.

TAPs FEIS 15 Surface drainage would be affected by the 
construction pad, berms, cuts and other 
structures.  The disruption of surface drainage 
could have significant consequences if proper 
control measures are not taken.

ANGTS FEIS 16 Roads or berms that cross actively forming 
icings will act as barriers increasing the size of 
the icing to the point that the spring breakup 
flows will be diverted away from normal 
channels.

Gravel Borrow Sources TAGs FEIS 17  Borrow material has been greatly depleted in 
certain areas.  Development of new sources or 
additional extraction from existing sources 
could affect the supply available for highway 
and TAPS maintenance.

STRUCTURAL  INTEGRITY OF THE PIPELINE/FACILITIES

Permafrost /Thermal TAPS EIS  1 An unusual amount of pipe centerline 
adjustment may be required at some above-
ground sections, because of the slow thawing of 
permafrost under and around supports. 
Maintenance would also be required where 
buried sections settle differentially as a result. 

TAPS EIS  2 Runs of the special instrumented pig at 3-month 
intervals may not be frequent enough for 
certain portions of the line subject to sever thaw-
settlement and erosion conditions.  Runs may 
be required at other times at other times.

ANGTS FEIS 3 The impact of permafrost on the pipeline is 
considered significant because if uncontrolled, it 
could contribute to pipeline failure, leading to 
pollution of streams and land, degradation of 
water quality and could initiate repair actions.

ANGTS FEIS 4 Frost heave is likely to occur when the active 
layer is thawed, which could create a significant 
surface impact should there be a need for 
summer repairs.

               *Primary source; may appear elsewhere
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           Table C-1 Physical Issues Master List

Category Source* Past Issues 
TAPs FEIS 5 The proposed pipeline is within the potential 

area of effect of active glaciers and glacier-
dammed lakes if precautions were not taken, 
this would constitute a potential adverse impact.

OIL AND OTHER SPILLS

Spill Size/Effects TAPS EIS  1 Limited information on possible spill size, 
location, and frequency and on the effects of 
North Slope oil on the biotic systems of Alaska 
makes quantitative prediction of the impacts of 
oil upon the various biological systems 
impossible, 

TAPS EIS  2 A major spill in the Yukon River system could 
affect areas many tens or hundreds of miles 
downstream.

TAPS EIS  3 The greatest threat would be that of potential oil 
spillage, especially in a major river.  Such 
impacts could be detrimental to the livelihood of 
the local population.

Spill Frequency ANGTS FEIS 4 It is probable that spills of fuels and lubricants 
will occur and that all spills cannot be 
completely removed before contaminating soil.

Intended (Permitted) Discharges

TAPS EIS  1 Organic pollutants derived from human or 
animal wastes would affect the biological quality 
of surface or ground water locally but would not 
affect the overall quality of streams or ground 
water, if good sanitation practices are followed.

AIR QUALITY
Amount of Emmissions TAPS EIS  1 Estimated hydrocarbon emissions are 115 

pounds per hour at pump stations with topping 
units and 15 pounds per hour at pump stations 
without topping plants.

TAPS EIS  2 Station emissions would generally contain less 
than 1 ppm sulfur.

TAPS EIS  3 Estimated SO2 emissions for the eight southern 
stations may be too high at times to meet air 
quality standards for a region lying 
approximately half a mile to a mile downwind of 
the station.

Effects of Emissions TAPS EIS  4 Emissions of sulfur dioxide at concentrations as 
low as 0.05 ppm are of particular concern 
because of their effects on lichen. Although the 
annual average concentration (of SO2) would 
be only 0.032 ppm, lichens are susceptible at 
concentrations this low.

               *Primary source; may appear elsewhere
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           Table C-1 Physical Issues Master List

Category Source* Past Issues 
TAPS EIS  5 Organisms such as Cladonia sp., the caribou 

forage lichens, have been found to be sensitive 
to SO2 concentrations down to 0.05 ppm.

SOLID WASTE

TAGs FEIS 1 Cumulative impacts due to solid and hazardous 
waste would be in shortened useful life of 
existing disposal sites.  

NORTH SLOPE

LANDFORMS
Erosion/Sedimentation TAPS EIS  1 Soil erosion problems will demand unusual 

vigilance and maintenance.
TAPS EIS  2 Erosion would occur if fine soils were not 

protected therefore damaged surfaces must be 
insulated and revegetated.

TAPS EIS  3 Erosion of the coastline at the pipeline landfall 
point could expose the gravel backfill.  Exposed 
gravel could alter natural sediment transport 
processes along the coast.

TAPS EIS  4 Accelerated river bank erosion resulting from 
thaw of frozen banks could occur.

TAPS EIS  5 Sediment concentration in streams would be 
increased by the accelerated erosion caused by 
construction activities.

NS EIS 6 Island slopes may be damaged by ice or 
oceanographic processes each year, potentially 
causing sedimentation impacts to the seafloor.

NPRA FEIS 7 Removal of the surface organic mat exposes 
the mineral portion of the soils to the erosive 
forces.  Wind and water will transport sediment 
from these soils and this sediment may be 
deposited in sensitive areas.

Permafrost /Thermal NPRA FEIS 8 Within 30 ft of pads, dust and gravel may 
smother original vegetation resulting in 
thermokarsting leading to the development of 
high-centered polygons with deep moats.

NPRA FEIS 9 Effects of dust fallout include advanced 
snowmelt (up to 2 weeks early) increased thaw 
depth and thermokarsting and development of 
barren areas.

NPRA FEIS 10 The process of warming, melting, and slumping 
can continue well beyond the area of initial 
disturbances and may take several years to 
stabilize, even if the soils are only lightly 
disturbed.

NPRA FEIS 11 Spill cleanup is likely to damage soils.
Alpine, 1997               
p. 4-183

12 Expansion of thermokarst terrain beyond the 
initially affected area is an indirect impact of 
continued development in permafrost regions. 

               *Primary source; may appear elsewhere
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           Table C-1 Physical Issues Master List

Category Source* Past Issues 
Change in Drainage 
Patterns

TAPs FEIS; 
Waterflood Project, 
1980. Vol 1, pp. 4-7,   
4-32, 4-33 

13 Surface drainage would be affected by the 
construction pad, berms, cuts and other 
structures.  The disruption of surface drainage 
could have significant consequences if proper 
control measures were not taken. 
ex: Modifications of wetland characteristics 

ANGTS FEIS 14 Snow/ice roads will melt more slowly than 
adjacent areas, temporarily blocking surface 
drainage.

ANGTS FEIS 15 Compaction, resulting from the use of snow/ice 
roads for several winters may produce serious 
long-term shifts of surface drainage patterns.

ANGTS FEIS 16 Roads or berms that cross actively forming 
icings will act as barriers increasing the size of 
the icing to the point that the spring breakup 
flows will be diverted away from normal 
channels.

Gravel Borrow Sources TAGs FEIS 17 Borrow material has been greatly depleted in 
certain areas. Development of new sources or 
additional extraction from existing sources 
could affect the supply available for highway 
and TAPs maintenance.  

TAGs FEIS 18 At the Sag River, gravel mining operations 
could adversely alter surface water flow near 
the TAPS river crossings.  

STRUCTURAL  INTEGRITY OF THE PIPELINE/FACILITIES

Permafrost/Thermal NS EIS 1 Local residents are concerned about the 
potential effects of permafrost on the pipeline 
shore approach.

ANGTS FEIS 2 The impact of permafrost on the pipeline is 
considered significant because if uncontrolled, it 
could contribute to pipeline failure, leading to 
pollution of streams and land, degradation of 
water quality and could initiate repair actions.

ANGTS FEIS 3 Frost heave is likely to occur when the active 
layer is thawed, which could create a significant 
surface impact should there be a need for 
summer repairs.

Other NS EIS 4 Nuiqsut residents are concerned that the 
pipeline could vibrate during operation, work its 
way out of the sediment, and float to the 
surface. Due to the pipeline's specific gravity 
and density and depth of overlying sediments 
this would be highly unlikely.

               *Primary source; may appear elsewhere
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           Table C-1 Physical Issues Master List

Category Source* Past Issues 

OIL AND OTHER SPILLS
Spill Size/Frequency NPRA FEIS 1 A number of small crude spills averaging 4 bbl 

and smaller fuel spills averaging 0.7 bbs are 
projected to occur under the preferred 
alternative.

Spill Effects NPRA FEIS 2 Dissolved Oxygen concentration in tundra 
waters could be affected by spilled oil in 
summer.

ANGTS FEIS 3 It is probable that spills of fuels and lubricants 
will occur and that all spills cannot be 
completely removed before contaminating soil.

Intended (Permitted) Discharges

TAPs FEIS 1 Organic pollutants derived from human or 
animal wastes would affect the biological quality 
of surface or ground water locally but would not 
affect the overall quality of streams or ground 
water, if good sanitation practices are followed.

Water Quality

Muds/Cuttings NPRA FEIS 1 If muds and cuttings are stored on the surface, 
sediments and other contaminants could be 
flushed into the watershed.

Endicott EIS            
p. 4-253                vol 
II

2 Increased development will increase the 
probability of oil spill and leachate from onshore 
muds and cuttings disposal area(s) reaching 
surface water resources.

NS EIS 3 Disposal of waste materials in injection wells is 
a concern of residents.

Sewage ANGTS FEIS 4 Human sewage in lakes could have a major 
impact on human health since water for human 
consumption is used as is or without treatment.

Water Useage/Ice Road 
construction

NPRA FEIS 5 Winter extraction of water or ice from NPRA 
waters could change the chemistry or the 
waters.

NPRA FEIS 6 Ice road construction could affect water quality 
through modification of the local hydrology 
along the ice road.

Trenching for offshore 
piepline

NS EIS 7 The trenching and backfilling activities 
associated with installation of the offshore 
pipeline would result in a turbid suspended 
sediment plume in the water column during the 
3-month activity.

NS EIS 8 The settlement of excess spoils is expected to 
create a pile on the seafloor less than 1-2 ft 
high.

               *Primary source; may appear elsewhere
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           Table C-1 Physical Issues Master List

Category Source* Past Issues 

AIR QUALITY
Amount of Emmissions TAPs FEIS 1 Emissions of sulfur dioxide at concentrations as 

low as 0.05 ppm are of particular concern 
because of their effects on lichen. Although the 
annual average concentration (of SO2) would 
be only 0.032 ppm, lichens are susceptible at 
concentrations this low.

Effects of Emissions TAPs FEIS 2 Organisms such as Cladonia sp., the caribou 
forage lichens, have been found to be sensitive 
to SO2 concentrations down to 0.05 ppm.

NPRA FEIS 3 Helicopter and light-plane use would have a 
transitory effect on local air quality.

NPRA FEIS 4 Other effects of air pollution include the 
possibility of damage to vegetation and 
acidification.

NS EIS 5 The cumulative introduction of multiple 
industrial emissions sources in an undeveloped 
areas is considered significant by some 
observers without regard to regulatory 
standards.

SOLID WASTE

TAGs FEIS 1 Cumulative impacts due to solid and hazardous 
waste would be in shortened useful life of 
existing disposal sites.  

VALDEZ

LANDFORMS

STRUCTURAL  INTEGRITY OF THE PIPELINE/TERMINAL

Alpetco EIS 1 Earthquakes could damage refinery facilities in 
Valdez, leading to potentiall catastrophic spills.

2 The underwater diffuser for the proposed 
refinery's ballast water treatment plant could be 
sbject to submarine slides in the event of an 
earthquake.

3 High powered rifles have the potential to 
puncture product and crude oil pipelines.  
Restrict the discharge of firearms within a 
specified radius of the plant site.

               *Primary source; may appear elsewhere
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           Table C-1 Physical Issues Master List

Category Source* Past Issues 

OIL AND OTHER SPILLS
Spill Size/Frequency TAPS EIS  1 Perfect no-spill performance would be unlikely 

during the lifetime of the pipeline.  Various 
models indicate an average of 1.6 to 6.0 barrels 
per day could be lost from the whole system 
during transfer operations and an average of 
384 barrels per day.

TAPS EIS  2 Based on PIRS transfer data an average of 3 
bbls/day would be spilled and an average of 
0.023 accidental discharges per day would 
occur.  This would be equivalent to one spill of 
129 bbl. every 43 days.

TAPS EIS  3 Based on PIRS data An average of 1.80 
bbls/day would be spilled with an average of 
0.0077 accidental discharges per day for Port 
Valdez.  This would be equivalent to one spill of 
234 bbl. every 130 days.

TAPS EIS  4 The PIRS data (open water) gives an average 
of 384 bbls/day or 140,000 barrels per 
‘average’ year discharged during casualties.

TAPS EIS  5 The average daily amounts for the different 
cases ranges from 402 to 929 barrels  These 
estimates give a 30-year spill total of between 
4.4-10.17 million bbls of oil. The Exxon Valdez 
spilled approx. 262,000.  Taking into account all 
other PWS/ open-water spills the total volume 
of oil spilled does not approach the lower of 
these figures--even including the EVOS.  

Spill Effects TAPS EIS  6 The threat to bird resources cannot be 
quantitatively evaluated.  The long-term 
damage to bird habitat from chronic oil pollution 
may exceed that caused by irregularly occurring 
major spills.

TAPS EIS  7 Heavy coating of oil on seals is harmful, 
although adequate observations have not been 
made.

TAPS EIS  8 A tanker accident in Prince William Sound or 
other salmon producing area where more than 
a small part of salmon spawn intertidally could 
have a similar detrimental effect.

Recovery/Cleanup TAPS EIS  9 Present state-of-the art equipment and 
techniques for containing spilled oil can recover 
less than 20% of oil spilled almost all of the oil 
spilled would constitute an adverse impact on 
the marine ecosystem.

Intended (Permitted) Discharges
TAPS EIS  1 Discharge of an indeterminate amount of oil 

from tank cleaning operations will occur at sea.

TAPS EIS  2 The single largest source of intentionally 
discharged oil is from tanker tank cleaning 
operations. Three separate analyses are 
available: 1,480 bbls/day, 540 bbls/day, and 
133 bbls/day. Discharge from these operations 
would not be concentrated at any part
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           Table C-1 Physical Issues Master List

Category Source* Past Issues 
TAPS EIS  3 Low-level oil pollution from intentional oil 

discharge from tank cleaning operations at sea 
would very likely kill sea otters, and it is likely 
that fur seals would also die.

TAPS EIS  4 If all ballast material and tank-cleaning residues 
were discharged into the ballast treatment 
facility at the terminal, none of the above 
discharge-at-sea situations would occur.

TAPS EIS  5 An estimated 2.4 to 26 bbls of oil per day would 
be discharged from the ballast treatment facility. 
Over the long term persistent low-level 
discharge from the ballast treatment facility and 
tank cleaning operations at sea could have a 
greater adverse effect.

TAPS EIS  6 A gradual build-up and accumulation of 
pollutant hydrocarbons would be expected 
during the life of the project (in Port Valdez and 
PWS).

TAPS EIS  7 Chronic oil pollution in the Port Valdez-PWS 
region resulting from small spills and effluent 
from the proposed terminal facilities would have 
permanent and far-reaching effects upon 
certain forms of plankton.

TAPS EIS  8 Oil transfer operations at the Valdez terminal 
would also contribute to the chronic pollution of 
Port Valdez.  Losses have been estimated to 
amount to about an average of two barrels per 
day.

TAPS EIS  9 It is likely that commercial and recreational 
harvest of Dungeness crabs in Port Valdez 
would be lost as a result of normal terminal 
operations.

TAPS EIS  10 Chronic low-level oil pollution would decrease 
the production of pink and chum salmon fry in 
Port Valdez and perhaps in Valdez Arm.  It may 
cause a loss of those salmon populations that 
spawn intertidally adjacent to the marine 
terminal site.

TAPS EIS  11 Some part of the herring resource of Valdez 
Arm would be adversely impacted by the oil 
losses associated with the tanker terminal 
operations.  A large part of the shellfish 
resources in Port Valdez would suffer adverse 
effects.

TAPS EIS  12 Losses due to the intentional oil discharge and 
terminal operation spillage would be  most 
severe in Port Valdez and somewhat less 
severe in Valdez Arm.  The maximum loss to 
salmon fishermen in these areas could amount 
of $400,000 per year.

TAPS EIS  13 An irreversible commitment of some marine 
biotic resources would occur in Valdez Arm as a 
result of chronic oil pollution from the ballast 
treatment facility operation at Valdez and from 
losses during loading operations.
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           Table C-1 Physical Issues Master List

Category Source* Past Issues 

AIR QUALITY

Effects of Emissions TAPS EIS  1 Available information does not fully describe the 
emissions that would occur and it is therefore 
not possible to evaluate the effects of the 
emissions on the environment of the proposed 
marine terminal system.

TAGs FEIS 2 Cumulative effects on air quality within  the 
entire project area would likely be important 
only in Port Valdez.

3 Particulates NO2 and SO2 would increase 
slightly due to additionally equipment, traffic 
and on-site construction.

WATER QUALITY
ALPETCO EIS 1 Storm runoff from the facility could be 

contaminated and may need phycical 
separation of oil and grease and treatment for 
removal of other contaminants.  

ALPETCO EIS 2 A snow removal storage site will need to be 
designated.

SOLID WASTE

TAGs FEIS 1 Cumulative impacts due to solid and hazardous 
waste would be in shortened useful life of 
existing disposal sites.  

ALPETCO EIS 2 The city of Valdez' landfill is nearing capacity 
and should not be considered as a site for 
project non-hazardous solid waste disposal. 
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 Physical Issues Screening
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Quality Quantity
TAPS CORRIDOR  Land Forms
Erosion/Sedimentation 1 Potentially increased erosion of stream beds at  

pipeline crossings could be detrimental to fish 
and vegetation.

Yes Yes Yes 
Fully

Yes No No Fully mitigated good abundant

Land Scars 2 Construction scars along the pipeline corridor, 
associated mine sites and access points will be 
visible throughout the project life and for years 
after DR&R.

Yes Yes Yes 
Partial

Yes Yes Yes Construction 
associated with:
1) Gas 
commercialization
2) Tourism
3) Military
4) Other industry 
(refineries)

Permafrost /Thermal 3 Thawing of permafrost could result in 
differential settlement and slope failures.

Yes Yes Yes 
Fully

Yes No No Fully mitigated good abundant

Change in Drainage 
Patterns

4 Surface drainage would be affected by the 
construction activities (pad, berms, roads, cuts 
and other structures), possibly resulting in 
erosion, sedimentation, thermokarsting, and 
increased winter icing.

Yes Yes Yes 
Fully

Yes No No Fully mitigated good abundant

5 Gravel mining operations could adversely alter 
surface water flow. (TAGS FEIS)

No No Yes 
Fully

No No No Fully mitigated good abundant

Gravel Resources 6  Development of new gravel sources or 
additional extraction from existing sources 
could affect the available supply. (TAGS FEIS)

No No na No na No Issue did not occur good abundant

TAPS CORRIDOR (cont.)    Structural Integrity of the Pipeline
Permafrost /Thermal 7 Degradation of permafrost by the pipeline and 

associated facilities is considered significant 
because if uncontrolled, it could contribute to 
pipeline failure.

No No na No No No Not an issue good abundant

Natural Events 8 Earthquakes, floods, fires, lightening strikes, 
and glacial advances could lead to 
pipeline/facility failure.

No Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization
2) Military
3) Other industry

good abundant 
monitoring 
data

Corrosion 9 Unmitigated corrosion could lead to pipeline 
failure.

No Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization 
specifically use of 
TAPS "as is" for 
GTL or other 
liquids.

excellent abundant pig 
data

                         1 Source: TAPS FEIS unless otherwise noted.
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Quality Quantity
10 Pipeline vibration leading to pipeline failure. 

(new issue not in Administrative record)
Yes Yes Yes 

Partial
Yes Yes Yes 1) Gas 

commercialization 
specifically use of 
TAPS "as is" for 
GTL or other 
liquids.

TAPS CORRIDOR (cont.)    Oil and Other Spills
Spills 11 Pipeline failure could result in a catastrophic 

crude oil spill.  
No Yes Yes 

Partial
Yes Yes Yes Construction 

accident related to:
1)Gas 
Commercialization
2) Tourism
3) Miliary
4)Other industry 
(refineries)
could damage the 
pipeline.

excellent spills well 
documented

12 Chronic leaks and spills at valves and other 
points along the pipeline are possible.  Crude 
oil from these spills could contact surface 
water, ground water and/or soil.  

Yes Yes Yes Yes No Yes 1) Gas 
commercialization 
specifically use of 
TAPS for GTL or 
other liquids.

excellent spills well 
documented

13 It is probable that spills of fuels and lubricants 
will occur and that all spills cannot be 
completely contained or removed before 
contacting soil and/or water (ANGTS FEIS)

Yes Yes Yes 
Partial

Yes Yes Yes Operations 
associated with: 
1) Gas 
commercialization
2) Tourism
3) Military

good some spills 
may be un-
documented

TAPS CORRIDOR (cont.)    Intended (Permitted) Discharges
Water/Wastewater 14 Wastewater discharges could affect surface 

and groundwater resources if not managed 
within permit stipulations.

Yes Yes Yes 
Partial

Yes Yes Yes Operations 
associated with: 
1) Gas 
commercialization
2) Tourism
3) Military
4)Other industry 
(refineries)

fair minimal

                         1 Source: TAPS FEIS unless otherwise noted.
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Quality Quantity
Air 15 Air emissions could affect human, wildlife and 

plant populations if not managed within permit 
stipulations.

Yes Yes Yes 
Partial

Yes Yes Yes Operations 
associated with: 
1) Gas 
commercialization
2) Tourism
3) Military
4) Other industry 
(refineries

poor minimal

Solid Waste 16 Solid and hazardous wastes could affect 
natural and human resources if not managed 
within permit stipulations. (TAGS FEIS)

Yes Yes Yes 
Partial

Yes Yes Yes Operations 
associated with: 
1) Gas 
commercialization
2) Tourism
3) Military
4) Other Industry 
(refineries)

good abundant 
waste handling 
records

NORTH SLOPE  Land Forms
Erosion/Sedimentation 1 Potentially increased erosion of stream beds at 

pipeline and road crossings. ( Identical to 
corridor issue #1)

Yes Yes Yes 
Fully

Yes No No Fully mitigated good frequent 
inspections

Permafrost /Thermal 2 Thawing of permafrost could result in 
differential settlement and slope failures. 
(Identical to corridor issue #3)

Yes Yes Yes 
Fully

Yes No No Fully mitigated good abundant 
temperature 
data

3 Dust associated with gravel roads and pads 
could initiate thermokarsting and adversely 
affect native vegetation. (NPRA FEIS)

Yes Yes No Yes Yes Yes 1) Gas 
commercialization
2) Tourism

Change in Drainage 
Patterns

4 Surface drainage would be affected by the 
construction activities (pad, berms, roads, cuts 
and other structures), possibly resulting in 
erosion, sedimentation, thermokarsting, and 
increased winter icing. (Identical to corridor 
issue #4)

Yes Yes Yes 
Fully

Yes No No Fully mitigated good abundant air 
photos

5 Gravel mining operations could adversely alter 
surface water flow. (TAGS FEIS) (Identical to 
corridor issue #5)

Yes Yes Yes 
Fully

Yes No No Fully mitigated good abundant air 
photos

Gravel Resources 6  Development of new gravel sources or 
additional extraction from existing sources 
could affect the available supply. (TAGS FEIS) 
(Identical to corridor issue #6)

Yes Yes Yes 
Fully

Yes No No Fully mitigated

                         1 Source: TAPS FEIS unless otherwise noted.
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NORTH SLOPE (cont.)    Structural Integrity of the Pipeline and Production Facilities

Permafrost/Thermal 7 Degradation of permafrost by the pipeline and 
associated facilities is considered significant 
because if uncontrolled, it could contribute to 
pipeline failure. (Identical to corridor issue #7)

No No na No na No Issue not realized good abundant 
monitoring 
data

Natural Events 8 Earthquakes, floods, and fires, could lead to 
pipeline/facility failure. (Identical to corridor 
issue #8)

Yes Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization

9 Coastal or offshore facilities could be damaged 
by sea ice or ocean processes each year.

No Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization

Corrosion 10 Unmitigated corrosion could lead to North 
Slope pipeline or facility failure. (Identical to 
corridor issue #9).

Yes Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization

11 Pipeline vibration leading to North Slope 
pipeline failure (new issue)

Yes Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization

NORTH SLOPE (cont.)      Oil and Other Spills

12 North Slope pipeline or facility failure could 
result in a catastrophic crude oil spill. (Similar 
to TAPS issue #12)

No Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization

poor minimal

Spills 13 Chronic leaks and spills at valves and other 
points along North Slope pipelines and at drill 
sites or other facilities are possible.  Crude oil 
from these spills could contact surface water, 
ground water, and/or soil (Similar to corridor 
issue #12).

Yes Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization

poor minimal

14 It is probable that spills of fuels and lubricants 
will occur and that all spills cannot be 
completely contained or removed before 
contacting soil and/or water (ANGTS FEIS) 
(Identical to corridor issue #13)

Yes Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization
2) Tourism

fair fair

                         1 Source: TAPS FEIS unless otherwise noted.
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NORTH SLOPE (cont.)       Intended (Permitted) Discharges
Water/Wastewater 15 Wastewater discharges could affect surface 

and groundwater resources if not managed 
within permit stipulations. (Identical to corridor 
issue #14)

Yes Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization
2) Tourism

fair fair

16 Extraction of large quantities of water or ice 
from tundra lakes to build ice roads or pads 
could change the chemistry of these waters. 
(NPRA FEIS)

? na na No No No not known if effect 
occurred; any 
effects would be 
insignificant and 
temporary

poor very minimal

17 Increased suspended sediments in the water 
column associated with offshore trenching and 
melting of spoil piles could affect marine 
resources if not managed as per permit 
stipulations. (North Star FEIS)

No Yes Yes 
Partial

Yes Yes No Anticipated 
action(s) will be 
mitigated, have a 
short-term 
duration, and are 
one-time events

good good

Air Quality 18 Air emissions could affect human, wildlife and 
plant populations if not managed within permit 
stipulations. (Identical to corridor issue #15).

Yes Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization

good good

Solid Waste 19 Solid and hazardous wastes could affect 
natural and human resources if not managed 
within permit stipulations. (TAGS FEIS) 
(Identical to corridor issue #16)

Yes Yes Yes 
Partial

Yes Yes Yes 1) Gas 
commercialization
2) Tourism

good good

Muds/Cuttings 20 Onshore storage of muds and cuttings could 
affect surface and groundwater resources if not 
managed within permitstipulations. (NPRA 
FEIS; Endicott FEIS)

No Yes Yes 
Partial

Yes Yes No Additional fields & 
new developments 
discharge muds & 
cuttings in the 
deep subsurface

good good

                         1 Source: TAPS FEIS unless otherwise noted.
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Natural Events 1 Earthquakes, floods, or fires could damage the 
marine terminal and other facilities in Valdez, 
leading to potentially catastrophic spills. 
(Alpetco FEIS). (Identical to corridor issue #8).

No Yes Yes 
Partial

Yes Yes Yes 1) Refinery
2) Gas 
commercialization
3) Tourism

good good

Corrosion 2 Unmitigated corrosion could lead to pipeline 
failure or problems within the marine terminal. 
(Identical to corridor issue #9).

No Yes Yes 
Partial

Yes Yes Yes 1) Refinery
2) Gas 
commercialization

good good

VALDEZ (cont.)      Oil and Other Spills
Spills 3 Spills at the terminal could consist of crude oil 

(both acute and chronic) and/or fuels and 
lubricants (generally chronic).  All spills cannot 
be completely contained or removed before 
contacting soil and/or water.  (Similar to corridor 
issues #10 and #11)

Yes Yes Yes 
Partial

Yes Yes Yes 1) Refinery
2) Gas 
commercialization

good good

4 Chronic spills of crude oil associated with 
tanker loading operations in Port Valdez could 
affect the marine environment (Similar to 
corridor issue #10) .

Yes Yes Yes 
Partial

Yes Yes No No other 
reasonably 
forseeable actions 
include tanker 
shipping of crude 
oil

good good

5 Catastrophic crude oil spills in the tanker routes 
associated with marine accidents would affect 
the marine environment. (Similar to corridor 
issue #11).

Yes Yes Yes 
Partial

Yes Yes No No other 
reasonably 
forseeable actions 
include tanker 
shipping of crude 
oil

varies abundant from 
EVOS

Recovery/Cleanup 6 Present state-of-the art equipment and 
techniques for containing spilled crude oil can 
recover less than 20% of oil spilled.

Yes Yes na Yes Yes No No other 
reasonably 
forseeable actions 
include tanker 
shipping of crude 
oil

varies abundant from 
EVOS

VALDEZ, PWS, MARINE TRANSPORTATION
           Structural Integrity of the Marine Terminal

                         1 Source: TAPS FEIS unless otherwise noted.
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VALDEZ (cont.)   Intended (Permitted) Discharges
Water/Wastewater 7 Wastewater discharges from operations  could 

affect marine resources if not managed within 
permit stipulations. 

Yes Yes Yes 
Partial

Yes Yes Yes 1) Refinery
2) Gas 
commercialization
3) Tourism

fair fair

Stormwater 8 Stormwater runoff and contaminated snowmelt 
runoff could affect the quality of freshwater and 
marine resources if not managed within permit 
stipulations (Alpetco FEIS).

Yes Yes Yes 
Partial

Yes Yes Yes 1) Refinery
2) Gas 
commercialization
3) Tourism

Air Quality 9 Air emissions could affect human, wildlife and 
plant populations if not managed within permit 
stipulations. (Identical to corridor issue #15).

Yes Yes Yes 
Partial

Yes Yes Yes 1) Refinery
2) Gas 
commercialization

good good

Solid Waste

10 Solid and hazardous wastes could affect 
natural and human resources if not managed 
within permit stipulations. (TAGS FEIS) 
(identical to corridor issue #16)

Yes Yes Yes 
Partial

Yes Yes Yes 1) Refinery
2) Gas 
commercialization
3) Tourism

11 The city of Valdez' landfill is nearing capacity 
and should not be considered as a site for 
project non-hazardous solid waste disposal.  
(Alpetco FEIS)

? Yes Yes Yes No No identify and obtain 
permits for a new 
landfill

                         1 Source: TAPS FEIS unless otherwise noted.
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TAPS CORRIDOR

Obstructions to 
Movement

1 Animals (caribou, moose, bison, 
muskoxen, birds) will be unable 
to cross elevated sections of the 
pipeline which will result in 
interference with traditional 
movements (USDI-FWS 1970; 
USDI 1972; USDI 1989). 

Yes, well documented for ungulates, 
especially caribou, but not documented 
for birds. Strong adverse reactions by 
caribou to elevated pipe occurred early 
on in TAPS and NS oil development, but 
frequency of animals "unable to cross" 
was minor.  Delays and 

No not for TAPS 
(Alyeska/Agency 
Interviews 1999)

Yes, big game 
crossing areas.

No not for TAPS 
(Alyeska/Agency 
Interviews 1999)

High quality data for 
caribou, no data for 
birds.

Abundant data for 
ungulates, especially 
caribou. ABR Kuparuk 1981-
82, Roby 1978, various LGL 
reports.

2 Potential deterrents to the 
animal movements across the 
above-ground portion of the 
pipeline would include odors 
from the insulation or other 
materials used in construction, 
sound generated by the flowing 
oil, and differential snow 
accumulation, or where 

No along most of TAPS corridor for 
ungulates, but for far northern end TAPS 
corridor issue is unresolved for 
ungulates (TM).

No, probably not No, probably not No, probably not Low None for mammals. Low for 
birds.

3 Traffic would be an additional 
deterrent to animal movement 
(USDI 1972).

No along most of TAPS corridor.  But on 
far northern end of TAPS corridor yes, 
caribou crossings reduced at >15 
vehicles/hr in insect season.

No along most of TAPS 
corridor, but on far 
northern end of TAPS 
corridor yes on high-traffic 
roads or during high-
volume periods.

No No along most of TAPS 
corridor, but on far 
northern end of TAPS 
corridor yes, there is a 
predator avoidance 
response; some bulls 
habituated, not females 
w/ young.

High Moderate

4 Drainage structures may impede 
fish migration (BLM and USACE 
1988), and fish passage 
obstructions at low water 
crossings (Alyeska Interviews, 
KM,DS; JPO Phil Brna). 

Yes, need monitoring of maintenance 
activities to reduce problems.

Yes. Requires 
Maintenance Program.

Yes, but only 
partially.

Yes. Requires 
Maintenance Program.

High Abundant   ADFG field 
surveillance reports.

Disturbance and 
Displacement

1 Disturbances associated wth 
TAPS construction activities and 
road and pipeline maintenance 
and operation would have 
adverse effects on large 
mammals (USDI-FWS 1970; 
USDI 1972; BLM and USACE 
1988; USDI 1989). TM

Yes, at level of individual; evidence for 
population-level impacts equivocal and 
theoretical based on reproductive 
effects; subject of dispute among 
biologists

Yes.  Construction 
impacts not applicable.   
Otherwise, experts 
disagree, but most 
probably would agree that 
it's not a major problem. 

Yes for 
maintenance 
activities.

Yes for individual 
effects, but population 
effects unlikely or 
equivocal at current 
population levels.

High for individual 
effects; low for 
population effects.

Moderate for individual 
effects/activity budgets.

2 Displaced animals could be 
expected to succumb to 
mortality or to displace other 
resident animals (USDI 1972). 
TM

Unknown -- not evaluated but probably 
No.

Unknown but probably No. No Unknown but probably 
No.

Low Low
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3 Large mammals would be 

affected by aircraft and other 
forms of human disturbance 
(USDI 1972, USDI 1976).

Yes.  General increase in aircraft traffic 
presumably led to greater disturbance 
through harassment and certainly 
through illegal aerial hunting.  No 
evidence of other forms of harassment.

No. Yes, aircraft and 
harassment 
restrictions in 
place.

Yes, possibly at low 
levels or not at all.

Abundant High

4 Noise or human activity within 
sight or hearing of established 
wolf dens would cause them to 
be abandoned (USDI 1976)

No No Yes No

5 Increased access and increased 
human presence will intensify 
hunting, trapping of wolves 
(USDI 1976).

Yes, access and human presence 
increasing.   No CALL WARREN

Yes, access increasing 
yearly, but wolf harvest at 
lower level now

Yes partially 
through 
regulations

Yes, access and use 
increasing yearly, but 
wolf harvests at low 
level.

High Moderate

6 Construction and operation of 
the proposed pipeline would 
result in displacement of 
furbearers such as marten, lynx, 
wolves, and wolverines (USDI 
1989) and result in reductions in 
their numbers (USDI 1976).

Yes inititally at local level due to 
incidental harvest and increased 
trapping access.

No, not perceived as 
problem by ADFG.

No No, not perceived as 
problem by ADFG.

Moderate Moderate

7 Potential cumulative impacts to 
birds would be primarily derived 
from construction-related 
activity, including human 
presence, noise from heavy 
equipment, and aircraft (BLM 
and USACE 1988, USDI 1989).

Yes, but little bird data collected during 
construction; GHX studies in PUO 
(Anderson et al. 1992) demonstrated 
some displacement from constant high-
decibel noise for a few species; aircraft 
overflight data is in scattered locations 
(see the aircraft dist

Yes. Low-altitude 
surveillance helicopter 
flights occur weekly or 
more often; probably 
some habituation has 
occurred to these, but 
some disturbance is likely 
for some sensitive species 
(waterfowl -- See Murphy 
and Anderson 1993) and 
raptors (see Ritchie 1

Yes Yes for aircraft 
overlfights.

High. Aircraft 
disturbance -- good to 
excellent (Brant at 
Izembek); Noise -- fair 
to good, limited # of 
species.

Abundant. Aircraft 
disturbance literature is 
relatively abundant (see 
aircraft disturbanc biblio); 
some noise data available 
on Alaska species 
(peregrines, gyrfalcons, 
GHX area, Alpine [in 
progress], various other 
reports have incidental data 
on aircraft 

8 TAPS operations may affect 
endangered plant species.

No No Yes No Medium Moderate, Janet Kidd-ABR

9 Year round human presence 
(mainly recreational RV's, 
ATV's, snow machines) along 
the Dalton Highway and pipeline 
workpad will cause noise and 
disturbance which could displace
wildlife (R. Senner  pers. 
comm.).

Yes, public access related. Yes, public access 
related.

No Yes Medium Moderate

Habitat Alteration or 
Loss

1 Improper disposal of spruce 
slash could lead to spruce beetle 
outbreaks, and project-related 
wildfires could also lead to such 
outbreaks (USDI 1972).

No No Yes No High Moderate. Ed Packee @ 
UAF for references
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2 Commercial grasses used for 

revegetation could introduce 
new or exotic species into 
northern environments (USDI 
1976)

Yes, only in TAPS corridor however. Yes Yes Yes High Moderate. CREEL 81-12, 
Larry and Al Johnson

3 Commercial grasses used for 
revegetation could introduce 
new or exotic species that inhibit 
colonization by native species 
(USDI 1976)

Yes, but report by Native Plants Inc. 
indicated natural revegetation better 
than artificial revegetation and in fact, 
there is evidence that cultivation of grass 
cultivars along the pipeline did 
negatively affect the natural 
recolonization of an area thre

No,  native species are 
starting to move in (pers. 
observ., JGK) and exotic 
species no longer used 
(JM/DF).

Yes No (JM/DF) Low Low (D. Funk, Bryce 
Thompson)

4 There could be an increase in 
fires of human origin as a result 
of pipeline activities (USDI 
1976)

No No Yes No High Moderate. Data from AK 
State Dept. Forestry, USFW

5 Induced sedimentation, as well 
as additional low water 
crossings, culverts, and training 
structures, may cause long-term 
habitat loss or loss of spawning 
beds particularly in areas where 
multiple pipeline and road 
crossings impact a particular 
river or st

Yes, need monitoring of maintenance 
activities to reduce problems

Requires Maintenance 
Program

Yes Requires Maintenance 
Program

High Moderate

6 Some impacts to sensitive fish 
habitat such as spawning areas 
and overwintering locations will 
occur along TAPS and adjacent 
highway system as a result of 
TAPS maintenance activities to 
prevent washouts during flood 
events (BLM and USACE 1988; 
R. Senner, pers. comm.) 

Yes Yes Yes Yes High Moderate

7 Wetland impacts would include 
the drying up of some areas due 
to restriction of sheet drainage 
flow volume or duration and 
possibly flooding of some 
wetlands, resulting in loss of 
species and wildlife habitat (BLM 
and USACE 1988). JM/DF

No, but some minor problems with 
drainage near pump stations and culvert 
icing and upstream icing and local 
flooding effecting trees along TAPS, but 
there is insufficient information to 
answer this question for most of corridor. 

No Yes Yes Medium for northern 
terminus and tundra, 
Low for TAPS corridor.

Abundant for northern 
terminus, little for most of 
TAPS corridor.  Arctophyla 
studies, Walker pubs, Larry 
Hinzeman @UAF, LGL 
impoundment study (Noel et 
al.).  Along the TAPS 
corridor the occurrence is 
documented but 
extent/magnitude probably 
not measured.
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8 Fire suppression as part of 

TAPS management in boreal 
forest will reduce browse 
production and ultimately result 
in fewer mammals (USDI 1972). 
JM/DF

No No No No High Abundant. No fire 
suppression program 
conducted by Alyeska along 
TAPS (R. Senner, pers. 
comm.).

9 Thermokarst associated with 
dust, impoundments, gravel 
spray, off-road traffic, and thin 
gravel fill (USDI 1976)

No. Areas along the TAPS corridor with 
thermokarst are minor.  Minor 
polygonization of workpad but little 
thermokarst on adjacent tundra because 
dust effects were negligible. (JM/DF).

No (JM/DF). Yes No (JM/DF). Low Low. No data for TAPS, only 
North Slope.

10 Air pollution effects would 
include the possibility of damage 
to vegetation and acidification 
(USDI 1972).

No.  Note contrast of predicted 
acidification and the observed opposite 
effect due to dust on the NS  (DMT). 
NEED ABR INPUT

No, now have information 
(JM/DF).

Yes No, how have 
information (JM/DF).

High Moderate. Reduced effects 
in wet vs. dry site and in 
winter vs. summer.  Ken 
Hart has data, fide Jay 
McKendrick

11 The caribou forage lichens 
(Cladonia  spp.), have been 
found to be sensitive to SO2 

concentrations down to 0.05 
ppm (USDI 1972) and will be 
effected by air pollution 
(J.McKendrick pers. comm.). 
JM/DF

Yes Yes Yes Yes High Abundant

12 Development-induced changes 
in habitats (including those 
induced by road dust) may 
cause local redistributions of 
waterfowl and shorebirds (USDI 
1989). 

Yes Yes Yes partially Yes High Moderate. Troy P-Pad 
study,Moitoret similar study 
to Troy.

Mortality 1 Bear densities could undergo 
pronounced reductions (USDI 
1972; USDI 1989). TM

No, but data are equivocal re early 
TAPS due to lack of baseline population 
data, but introduction of major human-
related mortality factor increased 
mortality; may have been offset by 
population augmentation due to 
garbage/feeding.

Yes, but human take & 
DLP largest mortality 
factor.

Yes Yes Medium Moderate

2 Improper human garbage 
disposal will attract wildlife and 
result in additional mortality 
(USDI 1972).

Yes.   Not sure if mortality has been 
significant (even birds---gulls, ravens) 
(DMT).

Yes, though magnitude 
reduced through 
mitigation and 
enforcement.

Yes. Yes, though magnitude 
reduced through 
mitigation and 
enforcement.

High Abundant

3 Use of herbicides along TAPS 
right-of-way and sulfur dioxide 
emissions from pump stations 
may have adverse effects on 
wildlife (USDI 1972). JM/DF

No.  No herbicides used along TAPS 
corridor by Alyeska. Only manual 
removal  of vegetation along TAPS 
corridor (R. Senner pers. comm.). No 
documented effects of SO2.

No Yes No High Low.
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4 Improved and increased 

access(e.g., more traffic) via 
Dalton Highway and other TAPS 
access roads had resulted in 
increased human pressure on 
wildlife resouces via roadkills 
(Agency and Alyeska 
Interviews).

Yes Yes Yes Yes Moderate Moderate

5 Bird use of dust shadows along 
TAPs corridor may attract birds 
in spring; their proximity to 
traffic increases likelihood for 
vehicular collisions 
(Alyeska/Agency Interviews 
1999). 

Yes, numerous species of birds found 
dead on highway, suggestive of 
occasional collisions: ptarmigan 
(particularly in spring); geese; young 
raptors

Yes partially Yes, partially yes Moderate Moderate. spotty anecdotal 
observations; record of Pefa 
death (Ambrose, USFWS, 
pers com)

6 Incidental bird mortality occurs 
at TAPS pump stations (R. 
Senner pers. comm.).

Yes.  Occasional injury or death of 
individual birds at pump stations 
(entrainment, entrapment, collisions).

Yes Yes, partially by 
screening turbine 
intakes and 
discouraging 
birds from 
nesting on 
structures.

Yes High Low. Agency and Alyeska 
Interviews (Mac Shoulders 
pers. comm.).

Human Harvest 1 Improved and increased access 
via Dalton Highway and other 
TAPS access roads result in 
increased human pressure on 
wildlife resouces via hunting 
(USDI-FWS 1970; USDI 1989). 
Slow-growing indigenous fish 
populations can't withstand 
heavy fishing pressure.

Yes, North of Yukon River some lakes 
now totally fished out due to heavy 
fishing pressure resulting from easier 
access.

Yes Yes Yes High for fish and big 
game, low for 
furbearers and birds.

Low. Agency and Alyeska 
Interviews (KM,DS,MT); 
Mike Thompson, AFDC, 
pers. comm.to MC and SM.

NORTH SLOPE

Obstructions to 
Movement

1 Road and pipeline construction, 
operation, and maintenance will 
interfere with the movement of 
caribou (USACE 1999; USDI 
1972; USDI-FWS 1970).

Yes, well documented for  caribou. 
Strong adverse reactions to elevated 
pipe occurred early in  NS oil 
development, but frequency of animals 
"unable to cross" was minor.  Delays and 
deflections of ungulates common and of 
much greater magnitude than total 

Yes Yes. Yes, but probably not 
population-level effect.

High. Abundant. ABR Kuparuk 
1981-82, Roby 1978, 
various ADFG and LGL 
pubs.and reports.

2 Causeway and artificial island 
construction will obstruct 
traditional movements of 
anadromous fish (USACE 1984). 
LM/WW

No.  There were alterations to 
movement, but not obstruction.

No. Breaches in Endicott 
Causeway had no 
significant effects on fish 
passage, but breaches in 
West Dock Causeway 
improved fish passage.

Yes, by 
constructed 
breaches

No, because low 
likelihood of future 
causeways.

High. Excellent

288



Table C-3      Biological Issues Master List
Adequacy of Data  to Evaluate

Consolidated Issues Issue Issue Realized? Issue Still Current? Mitigated? Likely Future Issue? Data Quality Data Quantity
3 Road and causeway 

construction will obstruct 
traditional movements of molting 
and brood-rearing geese 
(USACE 1984).

Yes.  Some initial reluctance of brood-
rearing geese to cross Endicott 
road/causeway (Burgess et al. 1990), but
no long-term obstruction (Johnson 
1998).  No apparent changes in Prudhoe 
or Kuparuk oifields

Yes, but only to small 
extent (Truett et al. 1997); 
most have probably 
adapted to 
roads/causeways by now.

Yes. No new 
roads east of 
Endicott.

Yes possibly.  It 
depends on locations of 
new roads/causeways.

High. Most quantitative 
are Endicott and 
Lisburne studies

Abundant. Endicott studies, 
Waterflood, Lisburne 
studies.

Disturbance and 
Displacement

1 Vessel traffic would [inferred: 
adversely] affect plankton and 
marine invertebrates (USACE 
1999).

No No No No not likely. Low Low

2 Noise would affect fish in the 
project area (USACE 1999). 
LM/WW

No No No No not likely. Low Low

3 Nearshore pipeline and island 
construction will affect whales 
and seals (USACE 1999).

Yes.  Probable minor effects on seals.  
There are data about on-ice seismic 
exploration. That activity displaces some 
ringed seals as shown by studies of 
abandoned breathing holes, subnivian 
lairs and counts of molting seals. 
Displacement is localized.

Yes. Yes Yes High Abundant

4 Operational noise offshore will 
affect marine mammals 
(USACE 1999).

Yes.  Probable some effects on polar 
bears,  seals and bowhead and belukha 
whales.

Yes. Yes.  Work 
slowdown or 
shutdown during 
bowhead 
migration, polar 
bear monitors.

Yes High Abundant

5 Pregnant polar bears require 
complete isolation to 
successfully bear young.  
Disturbance may prevent the 
bears from denning on land or 
disturb them enough to prevent 
successful reproduction (USDI 
1976, USACE 1999).

Unknown, but concern is warranted; 
bears den at very low densities in region. 
Disturbance prior to denning would 
probably cause females to avoid the 
area and den elsewhere. There has been
extreme disturbance of maternal bears 
in dens but it occurred afte

No.  A) disturbance from 
gravel extraction that 
occurs prior to actual 
denning would encourage 
sows to avoid the 
immediate area. B) if it 
was initiated after denning 
it would probably not 
cause a sow to move 
away. They are tolerant of 
nearby disturbance.

Yes No, probably not. Low Low

6 Some endangered whales may 
interact with marine vessel 
traffic, and some inadvertent 
conflicts or incidental taking may 
occur (USDI 1998).

Yes.  Probable minor effects on 
bowhead whales.

Yes Yes.  Work 
slowdown or 
shutdown during 
bowhead 
migration.

Yes High Moderate

7 Winter construction would 
disturb and displace some birds 
(USACE 1999).

No No Yes No High.  Small samples 
in Platt and Tull, but 
best available

Moderate.  1981 Seal Island 
studies; Platt and Tull 1975 
for gyrfalcon information.
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8 Noise and activity from summer 

construction and operations 
would disturb and displace birds 
(USACE 1999).

Yes, extent variable depending on 
activity and proximity to birds; differs 
seasonally and by species (see 
Lisburne/GHX studies); effect tend to be 
greater during construction; Peregine 
study along TAPS Corridor (Ritchie 
1987)

Yes.  Occasionally, large, 
noise trucks cause 
disturbance and 
occasionally 
displacement; unusual 
profile trucks (boom 
trucks) very disturbing 
when birds are close to 
road; flaring noise cause 
momentary disturbances 
(see Lisburne, GHX, 
Endicott studies).

Yes High; some 
experimental 
disturbance in Ritchie 
study

Moderate.  Several oilfields 
studies:  Murphy and 
Anderson (1993); Anderson 
et al. 1992; Burgess et al 
(Endicott studies); ongoing 
Alpine studies (noise effects 
of new airfield being 
evaluated); Alyeska 
Peregrine study (Ritchie 
1987).

9  Birds would be attracted to 
offshore artificial islands 
(USACE 1999).

Yes,  gravel islands in Prudhoe Bay 
have attracted nesting GaucousGulls 
and Brant; if you consider Endicott an 
artificial island you do have COEI and 
BLGU nesting there; also Snow Buntings 
in structures.

Yes, in Prudhoe area. Yes, partially Yes, probably because 
it's good fox-free 
habitat.

High Abundant.  Some numbers 
in one of Lisburne reports 
(Murphy et al. 1986 or 
1987?) of gulls on offshore 
islands; Niakuk Island, 
Endicott studies Wiggins 
and Johnson.

10 Large mammals would be 
affected by aircraft and other 
forms of human disturbance 
(USDI 1972, USDI 1976, 
USACE 1999)

Yes, certainly, resulting in numerous 
problems during construction and 
mortality during operations -- This same 
issue applies to bears and foxes too. 
Yes, mainly during biological surveys 
and other low-level flying. Yes for 
individual effects, but populat

Yes, can be reduced or 
avoided through mitigtion. 
Yes for individual effects, 
but population effects 
unlikely or equivocal at 
current population levels.

Yes,  harassment 
restrictions in 
place. Controls 
on hazing, 
hunting, feeding 
wildlife, refuse 
disposal.

Yes, possibly at low 
levels or not at all. Yes, 
whenever humans 
establish camps and 
increase their access 
into wild country. Yes 
for individual effects, 
but population effects 
unlikely or equivocal at 
current population 
levels.

Low Low for effects on 
individuals; none for 
population level effects.

11 Noise or human activity within 
sight or hearing of established 
wolf dens would cause them to 
be abandoned (USDI 1976)

No. Not aware of TAPS-related 
abandonment, but has been documented
in area due to wolf-hunting activity.

No Yes, partially No High Low.  Fritts and Yellowstone 
EIS.

12 Increased access and increased 
human presence will intensify 
hunting, trapping of wolves 
(USDI 1976)

No.  No hunting or trapping in North 
Slope oil fields.

No Yes No High Moderate

 13 Offshore construction and 
operations will affect threatened 
and endangered species such as
bowhead whale and spectacled 
eider (USACE 1999).

Yes, probably minor impacts on 
individual bowheads.  To date this has 
not been a problem because there has 
been no industry-related aircraft traffic 
when and where bowheads occur in the 
area of concern. There are no data 
about vessel traffic and icebreakers.

Yes for bowheads, No 
evidence for spectacled 
eiders

Yes Yes for bowheads, no 
evidence for spectacled 
eiders

High.  A few good 
reports for raptors, rest 
is mainly scattered 
anecdotal data.

Abundant. Ritchie (1987) 
specifically deals with 
aircraft and PEFA; vessel 
disturbance discussed 
briefly in Lisburne reports 
(anecdotal data on zodiac 
disturbance at Put River 
mouth); some Brant/aircraft 
studies at Teshekpuk (see 
aircraft disturbance 
bibliography).
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14 Any breeding, postbreeding, 

molting or brood-rearing birds 
exposed to routine aircraft 
disturbance or other types of 
disturbance could be displaced 
from local habitats and/or 
subject to increased energy 
demands (USDI 1998).

Yes, occasional disturbance is likely, and 
brief displacement, but most birds have 
habituated to routine aircraft activities 
(nesting swans off end of PUO airport for 
several years); if birds to fly in response 
to aircraft than could have energy 
demands (

Yes, but no long-term 
displacement

Yes, partially Yes, activity is likely to 
continue and birds may 
not habituate.

High Abundant for long-term 
effects of routine air traffic; 
see Ritchie 1987 . Lisburne 
reports cover effects of 
distance to pads on success 
(see Murphy and Anderson 
1993). No evidence for 
decreased density or 
success at Alpine after 1st 
year of construction.

15 Human-caused noise and 
activities and human presence 
may result in disturbance of 
spectacled and Steller's eiders 
on the North Slope(USDI 1998).

Yes but magnitude and consequences 
uncertain, extent variable depending on 
activity and proximity to birds; differs 
seasonally and by species. Some 
displacment noted for SPEI at GHX -- 
small sample though, nonbreeders.

Yes.  Occasionally, large, 
noise trucks cause 
disturbance and 
occasionally 
displacement; unusual 
profile trucks (boom 
trucks) very disturbing 
when birds are close to 
road; flaring noise cause 
momentary disturbances 
(see Lisburne, GHX, 
Endicott studies).

Yes, partially Yes Moderate to High Moderate.  Several oilfields 
studies:  Murphy and 
Anderson (1993); Anderson 
et al. 1992; Burgess et al 
(Endicott studies); ongoing 
Alpine studies (noise effects 
of new airfield being 
evaluated); Alyeska 
Peregrine study (Ritchie 
1987).

16 Cleanup of spills may displace a 
small number of nesting, brood-
rearing, or molting birds from the 
immediate spill area.  Effects 
are not expected to extend 
beyond 700 ft to 0.6 mi (USDI 
1998).

No, not apparent at recent spills (many 
were in winter though) in PUO and KRU; 
some evidence for breeding effects post 
spill at DS-5 and Point McIntyre spills 

Yes, probably Yes Yes, probably Moderate to High Moderate. Point McIntyre 
oilspill (Burgess et al. 1995) 
;  DS-5 oilspill report (draft 
only);  DS-2U oilspill 
(various Jorgenson et al. 
reports)-- discusses 
physical/vegetation effects 
but not birds per se.

17 If arctic foxes and other 
predators (gulls, ravens, bears) 
are attracted to and remain in an 
area because of supplemental 
food, breeding success of local 
bird communities, including 
spectacled eiders, may be 
substantially affected (USDI 
1998).

Yes, predation of eggs has been 
documented for geese in Kuparuk 
(Anderson et al. various years) and at 
Howe Island (Johnson 2000a,b) and for 
other species other locatons (TERA 
various years);  Common Ravens also a 
problem for snow goose and eider egg 
loss

Yes Yes, some 
mitigation at 
landfill and 
proposed for 
dumpsters.  This 
will effect mostly 
mammalian 
predators.

Yes, unless predator 
populations decline or 
are reduced. 

High Moderate. Predator effects 
covered in most bird reports 
from N. Slope; little 
population info available on 
foxes to determine if 
increasing; weekly counts of 
gulls at landfill and semi-
weekly counts of foxes 
reported in Lisburne reports. 
See Day et al.

18 Traffic on roads and causeways 
will disturb and displace nesting, 
molting and brood-rearing 
waterfowl (USACE 1984).

Yes -- disturbance and displacement do 
occur (see Lisburne and Endicott 
studies) but many species have 
habituated to routine traffice; seasonal 
and species-specific differences occur; 
more tolerant of traffic during pre-nesting 
and fall staging; less tole

Yes, periodic disturbance 
will likely always occur at 
low levels in the oilfields ---
but, I doubt it is a serious 
population-level problem

Yes, partially Yes Good Moderate. Lisburne annual 
studies (Murphy et al. 1986 
thu 1990); Lisburne 
synthesis volume (Murphy 
and Anderson 1993); 
Endicott studies (various 
Burgess et al. reports).
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19 A major effect on terrestrial 

mammals, especially caribou, 
would come from motor-vehicle 
traffic within the oil fields (USDI 
1998).

Yes for caribou Yes  during caribou 
calving period only.

Yes, partially Yes High Moderate. SW movement of 
calving caribou at Kuparuk 
(need ADFG data)

20 North Slope operations may 
affect endangered plant species 
(J. McKendrick pers. comm.)

No No Yes No High Moderate.  ABR-Janet Kidd

Habitat Alteration or 
Loss

1 As development increasingly 
removes and fragments the 
vegetation of the region, its 
ability to provide productive 
conditions for the support of 
wildlife will diminish. The 
cumulative effects of habitat 
modification and disturbance 
associated with development.

Yes, some evidence of reductions in 
habitat quality and alterations in caribou 
behavior, distribution and abundance 
around petroleum production facilities on 
North Slope, although less so for 
ungulates than birds.  Equivocal for birds 
(Meehan's study in Prudhoe Bay).

Yes, more so in Prudhoe 
Bay oil field than other 
fields.

Yes Yes, more so in 
Prudhoe Bay oil field 
than other fields.

High Low.  Only a couple of study 
address fragmentation 
effects on birds -- Meehan 
(1986); Troy (1988)

2 It is anticipated that the use of 
the area (Prudhoe Bay) for 
summer grazing by caribou 
would be substantially reduced 
as a result of the proposed 
pipeline and oil field 
development [Inferred: habitat 
modification] (USDI 1972). TM

Yes, due to both direct loss of habitat 
and altered patterns of use in calving 
and insect seasons.  No says TM

Yes, in areas of low 
pipelines and high traffic 
levels, which interfere with 
caribou movements = 
altered habitat use during 
insect season

Yes, partially Yes High Abundant for insect-season 
movements

 3 A cumulative effect is the 
gradual conversion of about 880 
square miles of the North Slope 
wildlife habitat to an area with 
widely spaced drilling pads, 
roads, pipelines, and other 
structures with accompanying 
adverse effects on the tundra 
ecosystem (USDI

Yes for caribou.  Yes for birds also; 
actual habitat loss is well documented 
but its effects on bird populations has 
never been addressed adequately (lack 
of baseline data on population levels).

Yes, but habitat loss has 
slowed markedly with new 
oilfield design; some loss 
does occur each year, 
however, associated with 
new developments.

Yes Yes Low Low

4 Commercial grasses used for 
revegetation could introduce 
new or exotic species into 
northern environments (USDI 
1976)

Yes Yes Yes Yes High Moderate. CREEL 81-12, 
Larry and Al Johnson

5 There could be an increase in 
fires of human origin as a result 
of pipeline activities (USDI 
1976)

Yes.  Fires have started near flare pits, 
e.g. GC2 or GC3 and Flow 1, but insig. 
impacts (<100 sq m.)  J. McKendrick 
pers. comm.

Yes Yes Yes High Moderate

6 Offshore construction discharges 
and offshore trenching will alter 
marine habitat and influence 
plankton and marine 
invertebrates (USACE 1984, 
1999).

Yes Yes Yes, NPDES 
stipulations

Yes High Abundant
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7 Long-term fish habitat would be 

created as a result of gravel 
mining (USACE 1999).LM/WW

Yes Yes, but is perceived as 
benefit not problem.

Yes Yes High Moderate. Well 
Documented by ADF&G 
(Hemming 1988-1995)

8 Water withdrawals from lakes 
(that currently do not freeze to 
the bottom) for use during 
construction will have a serious 
detrimental effect on fish 
overwintering habitat (USDI 
1976)

Yes, water withdrawal from fish lakes 
was a problem in very early days of 
North Slope development. 

Yes, but dealt with during 
permitting

Yes, fully Yes Moderate Moderate

9 Increased turbidity from offshore 
discharges would affect fish and 
ultimately the food web (USACE 
1999).

Yes, could affect fish, but not 
documented to affect food web.

Yes, but probably no food 
web impacts.

Yes Yes for fish. Moderate Low

10 Trenching would alter marine 
fish habitat and marine fish 
(USACE 1999).

No, not documented No probably not Yes No Moderate Low

11 Long-term marine fish habitat 
would be created around 
artificial islands and this would 
have impacts on the Alaskan 
Beaufort Sea ecosystem 
(USACE 1999). LM/WW, BJG

Yes, localized affects on fish, but 
probably not impacts on Beaufort Sea 
ecosystem.

Yes, but probably no long-
term affects on Beaufort 
Sea ecosystem.

No Yes Low Low

12 Long-term marine mammal 
habitats would be created as a 
result of artificial island 
construction and this would have 
impacts on the Alaskan Beaufort 
Sea ecosystem (USACE 1999).

No.  No evidence for this anywhere in 
Beaufort Sea (e.g., Endicott Island).

No No No Low Low

13 Losses to wetlands would be 
expected from gravel mining 
due to changes in the hydrology, 
filling, or draining (USACE 
1999).

Yes, there are large areas impacted my 
mine sites

Yes Yes, partially Yes Low Low  for ROW

14 Residual ice (late melting) along 
ice roads or pads would affect 
tundra vegetation (USACE 
1999). JM/DF

Yes near ice pads. However, only 1 yr 
effect at 1 yr pads (Sourdough 1,2,3), 
but longer problem at multiyear pads, 
e.g., Yukon Gold which had fabric on top 
of ice pad in summer.

Yes, potentially Yes, partially Yes, potentially Low Moderate. J. McKendrick, D. 
Funk

15 Camps can result in vegetation 
trampling and small spills of fuel 
resulting in disturbance to 
vegetation (USDI 1998). JM/DF

Yes, there have been minor effects 
associated with seismic exploration and 
exploratory drilling.

Yes Yes, partially Yes but minor Low Moderate.  ADEC probably 
has some spill reports.  
Small scale, J. McKendrick.
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16 Within 30 ft of pads, dust and 

gravel may smother the original 
vegetation resulting in a shift to 
weedy species and reduced 
plant photosynthesis, decreases 
in some common moss, lichen, 
and shrub species, and 
development of barren areas 
(USDI 1998). KM/DF

Yes, natural species community shift, 
natural succession. There are substantial
areas with heavy impacts from dust that 
have killed existing vegetation and have 
been replaced by early-successional 
colonizers. Yes, there have been 
changes in soil chemistry

Yes Yes, partially Yes Low Moderate.  Several short-
term studies. Kills veg. And 
causes thermokarst of 
polygons which drain and 
dry out, J. McKendrick

17 The effects of development 
include the destruction of 
vegetation under gravel pads, 
material sites, VSMs and spilled 
oil/fuel (USDI 1998). JM/DF

Yes, there has been substantial acreage 
impacted by gravel fill.

Yes Yes, partially Yes High for gravel fill Abundant data for acreages 
of fill, not much for VSM's, 
not much for ROW.  Small 
Scale, J. McKendrick

18 The alteration of vegetation 
communities could result from 
dust, salinity of gravel fill, snow 
drifts, and blockage of normal 
surface waterflow (USDI 1998).

Yes.  Although specfic surveys have 
been conducted on dust effects along 
the TAPS ROW.  However,  dust effects 
along the Dalton Highway suggest that a 
"dust zone" probably exist along the 
TAPS ROW.

Yes Yes, partially Yes High High

19 Losses to wetlands would be 
expected due to changes in 
hydrology, filling, or draining 
from onshore pipeline 
construction (USACE 1999). 
JM/DF

Yes Yes Yes Yes High High

20 Late melting of ice roads would 
affect nesting bird habitat (J. 
McKendrick pers. comm.).

Yes this appeared to happen in Alpine 
oilfield in 1999.  Probably affected 
shorebird and passerine nesting. Also at 
Yukon Gold multi-year ice pad.

Yes Yes Yes High Low (Yukon Gold, Alpine 
reports)

21 Habitat changes due to 
development of gravel mines 
would affect birds and terrestrial 
mammals (USACE 1999). TM

Yes, has occurred in PUO and KRU 
(minimal amounts of land); likely not a 
population-level impact; also occuring 
along TAPS corridor at gravel 
mines/borrow sites, dust shadows, and 
use of facilities by nesting raptors. Less 
of a problem for large terrestrial 

Yes Yes Yes Low Low

22 Winter gravel extraction 
activities would affect denning 
grizzly bears or arctic foxes 
(USACE 1999). TM

No probably not. No Yes, no gravel 
extraction near 
known grizzly 
bear dens sites.

No Low Low

23 Gravel extraction would affect 
threatened and endangered 
species (USACE 1999).

No, no ducumentation Yes, if gravel extraction 
within habitat needs of 
TES species.

Yes Yes, if gravel extraction 
within habitat needs of 
TES species.

Low Low

24 The caribou forage lichens 
(Cladonia  spp.), have been 
found to be sensitive to SO2 

concentrations as low as 0.05 
ppm (USDI 1972) and will be 
affected by air pollution (J. 
McKendrick pers. comm.).

No.  Cladonia  spp. not found in Prudhoe 
Bay area, are more common farther 
south along the TAPS corridor.

No Yes No High Moderate.  
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25 Modifications of wetland 

characteristics downstream from 
a point of blockage could affect 
a large area, especially if 
interconnecting wetlands are 
involved.

Yes.  But most drainage changes haved 
occurred in vicinity of northern terminus 
of TAPS in tundra habitats.  Most effects 
are upstream and are positive for 
waterfowl and shorebirds.

Yes Yes Yes High Abundant.  Kertell loon and 
invert studies, Noel et al 
impoundment study, Tundra 
Biome study (Hobbie 
volume)

Human Harvest 1 Incremental expansion of 
petroleum development on the 
North Slope and in the Beaufort 
Sea will result in increased 
harvests of anadromous fish 
populations (B.J. Gallaway pers. 
comm.)

Yes Yes Yes partially 
through 
commercial and 
sport fishing 
regulations

Yes Moderate Moderate

Mortality 1 Oil/fuel spills will affect plankton 
and marine invertebrates 
(USACE 1999).

Yes Yes Yes Yes High High

2 Oil/fuel spills would affect 
freshwater and marine fish 
(USACE 1999). LM/WW

Yes Yes Yes Yes High High

3 Oil/fuel spills would affect 
coastal vegetation and 
invertebrates (USACE 1999).

Yes Yes Yes Yes High Abundant

4 Oil/fuel spills will affect birds, 
including threatened and 
endangered species  (USACE 
1999).

Yes, but rarely.  Direct oiling of birds 
does occur from occasional forays into 
reserve pits, etc.; no studies of chronic, 
environmental, food-chain uptake (other 
than invert studies near leaky reserve 
pits).  Rare observation of oiled birds 
(see Ritchie 

Yes, rarely Yes, partially Yes Low None or Low

5 Oil/fuel spills would affect 
marine mammals (USACE 
1999).

No, has not happened in Beaufort Sea, 
but has been documented elsewhere 
both directly through coating of pelage 
(seals) and fouling baleen (baleen 
whales) and indirectly through effects on 
food (invertebrates and fish) supply.

Yes. Yes Yes High (Rikki Hurst, 
DIAND papers)

Low

6 Oil/fuel spills from onshore and 
offshore activities and marine 
transportation would probably 
result in the loss of small 
numbers of terrestrial animals 
(USACE 1999). (TM)

Yes Yes Yes, partially Yes High Moderate

7 Project operations would 
contribute to increased periods 
of open water that could lead to 
entrapment of some fish species 
(USACE 1999).LM/WW

No evidence from other Beaufort Sea 
operations (e.g., Endicott, STP) of such 
problems

No evidence from 
Endicott of such problems

Yes No Low Low
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8 Operational discharges offshore 

would affect fish (USACE 
1999).LM/WW

No No Yes, water-based 
drilling muds and 
NPDES 
discharge 
stipulations.

No Yes Low

9 Construction activities and oil 
field operations would attract 
polar bears (USACE 1999).  
Some polar bears could be killed 
to protect workers (USDI 1998). 
JJB

Yes.  There was one reported instance in
which a polar bear died after consuming 
ethylene glycol (antifreeze). Also there is 
a record of a bear having been shot by a 
bear monitor. Construction activities can 
create attractions.

Yes Yes.   Proper 
waste disposal 
and less 
aggressive/more 
innovative bear 
protection.

Yes Moderate Moderate

10 Some grizzly bears are expected 
to be attracted to oil field 
facilities and a few could be lost 
due to interactions with humans 
(USDI 1989; USDI 1998). TM

Yes, impact is well-documented and 
human-related mortality is leading cause 
of mortality of marked bears; Shideler et 
al. have documented increases in the 
number of bears in the oil field vicinity 
and use of the landfill and dumpsters.

Yes Yes, partially Yes High Moderate

11 Arctic fox abundance is 
expected to increase near the oil 
field due to increased food 
sources and shelter and could 
be killed (USDI 1998).

Yes.  Impact is well-documented. Yes Yes, partially Yes High Moderate

12 Operations would contribute to 
increased periods of open water 
that could lead to entrapment of 
marine mammals (USACE 
1999).

No No No No High Low

13 Birds would collide with 
aboveground manmade 
structures (USACE 1999).

Yes. Collisions were documented by 
Murphy et al. 1993 and earlier reports 
from Lisburne;  collisions with powerlines 
do occur in Prudhoe/Lisburne oilfields 
and likely in all others; anecdotal 
evidence from Kuparuk; some instances 
of birds colliding at STP

Yes to limited extent Yes, partially Yes Moderate. Moderate.  See Lisburne 
Powerline report (Anderson 
and Murphy 1988); 
anecdotal reports for other 
types of collisions in other 
reports? J.McKendrick has 
seen dead birds near tall 
structures on North Slope.

14 Vessels will collide with 
bowhead whales (USDI 1998). 
JJB

No, not in Beaufort Sea.  Bowheads 
have been struck by vessels in other 
parts of their annual range.

Yes Yes Yes Moderate. Moderate

15 Operations would contribute to 
increased periods of open water 
that could lead to entrapment of 
marine birds (USACE 1999).

No probably not, but don't know -- does 
this happen at STPs in oil fields?

No probably not No probably not Low Low

16 Arctic foxes would be stranded 
on artificial offshore islands 
during breakup (USACE 1999).

No.  Arctic foxes can swim quite well and 
would swim to ice or shore.

No No No Low Low
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VMT/PWS/Tanke
r Routes
Obstructions to 
Movement

1 Presence of VMT may obstruct 
local movements of terrestrial 
mammals (R. Senner, pers. 
comm.).

Yes, probably but no documentation. Yes No Yes Low Low

Disturbance and 
Displacement

1 Construction of VMT disturbed 
and displaced birds and 
terrestrial mammals (R. Senner 
pers. comm.).

Yes, probably but no documentation. No No Yes Low Low

2 Vessel noise could interfere with 
vocal communication of marine 
mammals and lead to avoidance 
of some areas.  Vessel traffic 
could displace seals and sea 
lions from haul-outs and 
displace other mammals 
(Richardson and Wursig 1997, 
Richardson et al. 1995) 

Yes. EVOS cleanup-related disturbance 
caused displacement and disturbance of 
some birds, such as Black 
Oystercatchers (Andres 1997) and 
Marbled Murrelets (Day et al. 1997b).  
Probably no effects of tanker 
movements themselves on disturbance 
and displaceme

Yes Yes Yes Moderate Moderate. Ten years of post-
spill studies, although 
effects of disturbance on 
birds usually were assessed 
qualitatively.

3 Chronic and catastrophic oil/fuel 
spills will occur (inferred: 
cleanup activities will disturb and 
displace fish and wildlife) (USDI 
1972). LM/WW

Yes. EVOS caused displacement of at 
least 25 species of marine-oriented birds 
from oil-affected habitat (Day et al. 
1995, 1997a, 1997b; Agler and Kendall 
1997; Murphy et al. 1997).  (TRM) Sea 
otters were seen along oiled shorelines 
after the spill.

Yes.  Some evidence of 
continuing avoidance 
(Agler and Kendall 1997).  
Eventually, avoidance of 
oil-affected habitats will 
disappear as habitats 
recover completely (Day 
et al. 1995, 1997a, 1997b; 
Murphy et al. 1997; Wiens 
et al. 1996).

Yes, vessel 
tracking

Yes High Abundant

4 VMT and PWS operations may 
affect endangered plant species 
(J. McKendrick pers. comm.)

No No Yes No Moderate Moderate

Habitat Alteration or 
Loss

1 Chronic and catastrophic oil/fuel 
spills will occur (inferred: marine 
and shoreline habitats will be 
altered) (USDI 1972). TM, 
LM/WW

Yes Yes Yes Yes High Abundant

2 The long-term damage to bird 
habitat from chronic oil/fuel 
pollution may exceed that 
caused by irregularly occurring 
major spills (USDI 1972).

No Yes Yes Yes High Abundant

3 A tanker accident in Prince 
William Sound or other salmon 
producing area, where more 
than a small part of salmon 
spawn intertidally, could have a  
detrimental effect (USDI 1972). 
LM/WW

Yes Yes but studies not 
equivocal.

Yes Yes Moderate to High Abundant
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Mortality 1 Vessel strikes with marine 

mammals are a potential source 
of mortality (John Burns, pers. 
comm.).

No, no reports of vessel strikes of 
marine mammals in NMFS records.

No Yes No Low Low

2 Chronic and catastrophic oil/fuel 
spills will occur (inferred: fishes 
and marine and terrestrial 
mammal and birds will be killed 
and populations will be affected 
as a result of the spill) (USDI 
1972). TM; LM/WW 

Yes.   Yes, but less so because 
of vessel tracking. 

Yes Yes, new oil spills could 
cause new impacts.

High Abundant. No population 
level impacts - Exxon 
Valdez

3 Heavy coating of oil on seals is 
harmful (USDI 1972).

Yes, lot of data now Yes Yes Yes High Abundant

4 It is likely that commercial and 
recreational harvest of 
Dungeness crabs in Port Valdez 
would be lost as a result of 
normal terminal operations 
(USDI 1972).LM/WW

No No Yes No Moderate Moderate

5 Chronic low-level oil/fuel 
pollution would decrease the 
production of pink and chum 
salmon fry in Port Valdez and 
perhaps in Valdez Arm.  It may 
cause a loss of those salmon 
populations that spawn 
intertidally adjacent to the 
marine terminal site (USDI 
1972).

No - populations in Port Valdez seem 
abundant and healthy

No Yes No Moderate Moderate

6 Some part of the herring 
resource of Valdez Arm would 
be adversely affected by the 
oil/fuel losses associated with 
VMT operations.  A large part of 
the shellfish resources in Port 
Valdez would suffer adverse 
effects (USDI 1972).LM/WW

No No Yes No Moderate Moderate

7 Low-level oil/fuel pollution from 
intentional oil discharge from 
tank cleaning operations at sea 
would very likely kill sea otters, 
and it is likely that fur seals 
would also die (USDI 1972).

No No Yes No Moderate Moderate

8 Incidental bird mortality at VMT 
(R. Senner pers. comm.).

Yes.  Occasional injury or death of 
individual birds at VMT (entrainment, 
collisions, etc.).

Yes Yes, partially. Yes High Low
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TAPS CORRIDOR

Obstructions to 
Movement

1 Animals (caribou, moose, bison, 
muskoxen, birds) will be unable 
to cross elevated sections of the 
pipeline which will result in 
interference with traditional 
movements (USDI-FWS 1970; 
USDI 1972; USDI 1989). 

Yes No Yes, big game 
crossings

No No Yes Workpad for buried gas 
pipeline

High Abundant

2 Potential deterrents to the 
animal movements across the 
above-ground portion of the 
pipeline would include odors 
from the insulation or other 
materials used in construction, 
sound generated by the flowing 
oil, and differential snow 
accumulation, or where the 
pipeline and rights-of-way are 
cleared of trees and shrubs 
(USDI 1972).

No No No No No No No TAPS 
contribution

Low Low

3 Traffic would be an additional 
deterrent to animal movement 
(USDI 1972).

No No No No No No No TAPS 
contribution

High Moderate

4 Drainage structures may impede 
fish migration (BLM and USACE 
1988), and fish passage 
obstructions at low water 
crossings (Alyeska Interviews, 
KM,DS; JPO Phil Brna). LM/WW

Yes Yes Yes partially. Yes No Yes Gas pipeline stream 
crossings

High Abundant

Disturbance and 
Displacement

1 Disturbances associated wth 
TAPS construction activities and 
road and pipeline maintenance 
and operation would have 
adverse effects on large 
mammals (USDI-FWS 1970; 
USDI 1972; BLM and USACE 
1988; USDI 1989). TM

yes Yes Yes partially. Yes Yes Yes Gas commercialization, 
Other Industry, 
Tourism/Recreation

High Moderate

2 Displaced animals could be 
expected to succumb to mortality 
or to displace other resident 
animals (USDI 1972). TM

No No No No No No No TAPS 
contribution

Low Low

3 Large mammals would be 
affected by aircraft and other 
forms of human disturbance 
(USDI 1972, USDI 1976).

Yes No Yes Yes Yes Yes Gas commercialization, 
Other Industry, 
Tourism/Recreation, 
Military

High Abundant
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4 Noise or human activity within 
sight or hearing of established 
wolf dens would cause them to 
be abandoned (USDI 1976)

No No Yes No No No No TAPS 
contribution

High Low

5 Increased access and increased 
human presence will intensify 
hunting, trapping of wolves 
(USDI 1976)

Yes Yes Yes Yes Yes Yes Tourism/Recreation High Moderate

6 Construction and operation of 
the proposed pipeline would 
result in displacement of 
furbearers such as marten, lynx, 
wolves, and wolverines (USDI 
1989) and result in reductions in 
their numbers (USDI 1976)

Yes No No No No No No TAPS 
contribution

Medium Moderate

7 Potential cumulative impacts to 
birds would be primarily derived 
from construction-related 
activity, including human 
presence, noise from heavy 
equipment, and aircraft (BLM 
and USACE 1988, USDI 1989).

Yes Yes Yes partially Yes Yes Yes Gas commercialization, 
Other Industry, 
Tourism/Recreation, 
Military

High Abundant

8 TAPS operations may affect 
endangered plant species (J. 
McKendrick pers. comm.).

No No Yes No No No No TAPS 
contribution

Medium Moderate

9 Year round human presence 
(mainly recreational RV's, ATV's, 
snow machines) along the 
Dalton Highway and pipeline 
workpad will cause noise and 
disturbance which could displace 
wildlife (R. Senner  pers. 
comm.).

Yes Yes No Yes Yes Yes Gas commercialization, 
Other Industry, 
Tourism/Recreation

Medium Moderate

Habitat Alteration or 
Loss

1 Improper disposal of spruce 
slash could lead to spruce beetle 
outbreaks, and project-related 
wildfires could also lead to such 
outbreaks (USDI 1972).

No No Yes No No No No TAPS 
contribution

High Moderate

2 Commercial grasses used for 
revegetation could introduce 
new or exotic species into 
northern environments (USDI 
1976)

Yes Yes No Yes Yes Yes Gas commercialization, 
Other Industry, 
Tourism/Recreation

High Moderate

3 Commercial grasses used for 
revegetation could introduce 
new or exotic species that inhibit 
colonization by native species 
(USDI 1976)

Yes No Yes No No No No TAPS 
contribution

Low Low
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4 There could be an increase in 
fires of human origin as a result 
of pipeline activities (USDI 1976)

No No Yes No No No No TAPS 
contribution

High Moderate

5 Induced sedimentation, as well 
as additional low water 
crossings, culverts, and training 
structures, may cause long-term 
habitat loss or loss of spawning 
beds particularly in areas where 
multiple pipeline and road 
crossings impact a particular 
river or stream (BLM and 
USACE 1988

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Other Industry

High Moderate

6 Some impacts to sensitive fish 
habitat such as spawning areas 
and overwintering locations will 
occur along TAPS and adjacent 
highway system as a result of 
TAPS maintenance activities to 
prevent washouts during flood 
events (BLM and USACE 1988; 
R. Senner, pers. comm.).  
LM/WW

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Other Industry

High Moderate

7 Wetland impacts would include 
the drying up of some areas due 
to restriction of sheet drainage 
flow volume or duration and 
possibly flooding of some 
wetlands, resulting in loss of 
species and wildlife habitat (BLM 
and USACE 1988). JM/DF

No No Yes Yes No Yes Gas commercialization, 
Other Industry

Medium Abundant

8 Fire suppression as part of 
TAPS management in boreal 
forest will reduce browse 
production and ultimately result 
in fewer mammals (USDI 1972). 
JM/DF

No No No No No No No TAPS 
contribution

High Abundant

9 Thermokarst associated with 
dust, impoundments, gravel 
spray, off-road traffic, and thin 
gravel fill (USDI 1976)

No No Yes No No No No TAPS 
contribution

Low Low

10 Air pollution effects would 
include the possibility of damage 
to vegetation and acidification 
(USDI 1972).

No No Yes No No No No TAPS 
contribution

High Moderate
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11 The caribou forage lichens 
(Cladonia  spp.), have been 
found to be sensitive to SO 2 

concentrations down to 0.05 
ppm (USDI 1972) and will be 
effected by air pollution 
(J.McKendrick pers. comm.). 
JM/DF

Yes Yes Yes Yes No No No TAPS 
contribution

 High Abundant

12 Development-induced changes 
in habitats (including those 
induced by road dust) may 
cause local redistributions of 
waterfowl and shorebirds (USDI 
1989). 

Yes Yes Yes partially Yes Yes Yes Gas commercialization, 
Other Industry

High Moderate

Mortality 1 Bear densities could undergo 
pronounced reductions (USDI 
1972; USDI 1989). TM

No Yes Yes Yes Yes Yes Gas commercialization, 
Other Industry, 
Tourism/Recreation

Medium Moderate

2 Improper human garbage 
disposal will attract wildlife and 
result in additional mortality 
(USDI 1972).

Yes Yes Yes. Yes No Yes Gas commercialization, 
Other Industry, 
Tourism/Recreation, 
Military

High Abundant

3 Use of herbicides along TAPS 
right-of-way and sulfur dioxide 
emissions from pump stations 
may have adverse effects on 
wildlife (USDI 1972). JM/DF

No No Yes No No No No TAPS 
contribution

High Abundant

4 Improved and increased access 
(e.g., more traffic) via Dalton 
Highway and other TAPS access 
roads had resulted in increased 
human pressure on wildlife 
resouces via roadkills (Agency 
and Alyeska Interviews).

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Other Industry, 
Tourism/Recreation, 
Military

Medium Moderate

5 Bird use of dust shadows along 
TAPs corridor may attract birds 
in spring; their proximity to traffic 
increases likelihood for vehicular 
collisions (Alyeska/Agency 
Interviews 1999). 

Yes Yes Yes partially Yes Yes Yes Gas commercialization, 
Other Industry, 
Tourism/Recreation, 
Military

Medium Moderate

6 Incidental bird mortality occurs at 
TAPS pump stations (R. Senner 
pers. comm.).

Yes Yes Yes Yes Yes Yes Gas commercialization High Low
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Human Harvest 1 Improved and increased access 
via Dalton Highway and other 
TAPS access roads result in 
increased human pressure on 
wildlife resouces via hunting 
(USDI-FWS 1970; USDI 1989). 
Slow-growing indigenous fish 
populations can't withstand 
heavy fishing pressure, therefore 
the size and number of 
catchable fish declines.  This 
has already occurred along the 
TAPs corridor (BLM and USACE 
1988). Cumulative impacts could 
occur from additional fishing 
pressure due to the projects at 
stream access points along the 
entire corridor (BLM and USACE 
1988).

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Other Industry, 
Tourism/Recreation, 
Military

High Low

NORTH SLOPE  

Obstructions to 
Movement

1 Road and pipeline construction, 
operation, and maintenance will 
interfere with the movement of 
caribou (USACE 1999; USDI 
1972; USDI-FWS 1970).

Yes Yes Yes Yes Yes Yes Gas commercialization High Abundant

2 Causeway and artificial island 
construction will obstruct 
traditional movements of 
anadromous fish (USACE 1984). 
LM/WW

No No Yes No No No No synergy 
Fully mitigated

High Abundant

3 Road and causeway 
construction will obstruct 
traditional movements of molting 
and brood-rearing geese 
(USACE 1984).

Yes Yes Yes Yes No Yes Gas commercialization High Abundant

Disturbance and 
Displacement

1 Vessel traffic would [inferred: 
adversely] affect plankton and 
marine invertebrates (USACE 
1999).

No No No No No No Issue not 
realized

Low Low

2 Noise would affect fish in the 
project area (USACE 1999). 
LM/WW

No No No No No No Issue not 
realized

Low Low

3 Nearshore pipeline and island 
construction will affect whales 
and seals (USACE 1999).

Yes Yes Yes Yes Yes Yes Gas commercialization High Abundant

4 Operational noise offshore will 
affect marine mammals (USACE 
1999).

Yes Yes Yes Yes Yes Yes Gas commercialization High Abundant
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5 Pregnant polar bears require 
complete isolation to 
successfully bear young.  
Disturbance may prevent the 
bears from denning on land or 
disturb them enough to prevent 
successful reproduction (USDI 
1976, USACE 1999).

No No Yes No No No Issue not 
realized

Low Low

6 Some endangered whales may 
interact with marine vessel 
traffic, and some inadvertent 
conflicts or incidental taking may 
occur (USDI 1998).

Yes Yes Yes Yes Yes Yes Gas commercialization High Moderate

7 Winter construction would 
disturb and displace some birds 
(USACE 1999).

No No Yes No No No Issue not 
realized

High Moderate

8 Noise and activity from summer 
construction and operations 
would disturb and displace birds 
(USACE 1999).

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Tourism/Recreation

High Moderate

9  Birds would be attracted to 
offshore artificial islands 
(USACE 1999).

Yes Yes Yes Yes Yes Yes Gas commercialization High Abundant

10 Large mammals would be 
affected by aircraft and other 
forms of human disturbance 
(USDI 1972, USDI 1976, USACE 
1999).

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Tourism/Recreation

Low Low

11 Noise or human activity within 
sight or hearing of established 
wolf dens would cause them to 
be abandoned (USDI 1976)

No No Yes, partially No No No Issue not 
realized

High Low

 12 Offshore construction and 
operations will affect threatened 
and endangered species such 
as bowhead whale and 
spectacled eider (USACE 1999).

Yes Yes Yes Yes Yes Yes Gas commercialization High Abundant

13 Any breeding, postbreeding, 
molting or brood-rearing birds 
exposed to routine aircraft 
disturbance or other types of 
disturbance could be displaced 
from local habitats and/or 
subject to increased energy 
demands (USDI 1998).

Yes Yes Yes Yes Yes Yes Gas commercialization High Abundant
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14 Human-caused noise and 
activities and human presence 
may result in disturbance of 
spectacled and Steller's eiders 
on the North Slope(USDI 1998).

Yes Yes Yes Yes Yes Yes Gas commercialization Medium to 
High

Moderate

15 Cleanup of[Inferred: marine] 
spills may displace a small 
number of nesting, brood-
rearing, or molting birds from the 
immediate spill area.  Effects are 
not expected to extend beyond 
700 ft to 0.6 mi (USDI 1998).

Yes Yes Yes Yes Yes Yes Gas commercialization Medium to 
High

Moderate

16 If arctic foxes and other 
predators (gulls, ravens, bears) 
are attracted to and remain in an 
area because of supplemental 
food, breeding success of local 
bird communities, including 
spectacled eiders, may be 
substantially affected (USDI 
1998).

Yes Yes Yes Yes Yes Yes Gas commercialization High Moderate

17 Traffic on roads and causeways 
will disturb and displace nesting, 
molting and brood-rearing 
waterfowl (USACE 1984).

Yes Yes Yes Yes Yes Yes Gas commercialization Good Moderate

18 A major effect on terrestrial 
mammals, especially caribou, 
would come from motor-vehicle 
traffic within the oil fields (USDI 
1998).

Yes Yes Yes, partially Yes Yes Yes Gas commercialization, 
Tourism/Recreation

High Moderate

19 North Slope operations may 
affect endangered plant species 
(J. McKendrick pers. comm.)

No No Yes No No No Issue not 
realized

High Moderate

Habitat Alteration or 
Loss

1 As development increasingly 
removes and fragments the 
vegetation of the region, its 
ability to provide productive 
conditions for the support of 
wildlife will diminish. The 
cumulative effects of habitat 
modification and disturbance 
associated with development 
could reduce habitat quality 
[Inferred: and wildlife 
populations] (USACE 1984).

Yes Yes Yes Yes Yes Yes Gas commercialization High Low
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2 It is anticipated that the use of 
the area (Prudhoe Bay) for 
summer grazing by caribou 
would be substantially reduced 
as a result of the proposed 
pipeline and oil field 
development [Inferred: habitat 
modification] (USDI 1972). TM

Yes Yes Yes, partially Yes Yes Yes Gas commercialization High Abundant

 3 A cumulative effect is the 
gradual conversion of about 880 
square miles of the North Slope 
wildlife habitat to an area with 
widely spaced drilling pads, 
roads, pipelines, and other 
structures with accompanying 
adverse effects on the tundra 
ecosystem [Inferred: and wildlife 
populations] (USDI 1972).

Yes Yes Yes Yes Yes Yes Gas commercialization Low Low

4 Commercial grasses used for 
revegetation could introduce 
new or exotic species into 
northern environments (USDI 
1976)

Yes Yes Yes Yes No Yes Gas commercialization High Moderate

5 There could be an increase in 
fires of human origin as a result 
of pipeline activities (USDI 1976)

Yes Yes Yes Yes No Yes Gas commercialization High Moderate

6 Offshore construction discharges 
and offshore trenching will alter 
marine habitat and influence 
plankton and marine 
invertebrates (USACE 1984, 
1999).

Yes Yes Yes, partially Yes Yes Yes Gas commercialization High Abundant

7 Long-term fish habitat would be 
created as a result of gravel 
mining (USACE 1999).LM/WW

Yes Yes Yes Yes No Yes Gas commercialization High Moderate

8 Water withdrawals from lakes 
(that currently do not freeze to 
the bottom) for use during 
construction will have a serious 
detrimental effect on fish 
overwintering habitat (USDI 
1976)

Yes Yes Yes Yes No No No synergy 
Fully mitigated

Medium Moderate

9 Increased turbidity from offshore 
discharges would affect fish and 
ultimately the food web (USACE 
1999).

Yes Yes Yes Yes No No No synergy 
Fully mitigated

Medium Low
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10 Trenching would alter marine 
fish habitat and marine fish 
(USACE 1999).

No No Yes No No No No synergy Medium Low

11 Long-term marine fish habitat 
would be created around 
artificial islands and this would 
have impacts on the Alaskan 
Beaufort Sea ecosystem 
(USACE 1999). LM/WW

Yes Yes No Yes No No Issue not 
realized

Low Low

12 Long-term marine mammal 
habitats would be created as a 
result of artificial island 
construction and this would have 
impacts on the Alaskan Beaufort 
Sea ecosystem (USACE 1999).

No No No No No No Issue not 
realized

Low Low

13 Losses to wetlands would be 
expected from gravel mining due 
to changes in the hydrology, 
filling, or draining (USACE 
1999).

Yes Yes Yes Yes Yes Yes Gas commercialization Medium Low

14 Residual ice (late melting) along 
ice roads or pads would affect 
tundra vegetation (USACE 
1999). JM/DF

Yes Yes Yes Yes Yes Yes Gas commercialization Low Moderate

15 Camps can result in vegetation 
trampling and small spills of fuel 
resulting in disturbance to 
vegetation (USDI 1998). JM/DF

Yes Yes Yes, partially Yes Yes Yes Gas commercialization Low Moderate

16 Within 30 ft of pads, dust and 
gravel may smother the original 
vegetation resulting in a shift to 
weedy species and reduced 
plant photosynthesis, decreases 
in some common moss, lichen, 
and shrub species, and 
development of barren areas 
(USDI 1998). KM/DF

Yes Yes Yes, partially Yes Yes Yes Gas commercialization Low Moderate

17 The effects of development 
include the destruction of 
vegetation under gravel pads, 
material sites, VSMs and spilled 
oil/fuel (USDI 1998). JM/DF

Yes Yes Yes, partially Yes Yes Yes Gas commercialization High Abundant

18 The alteration of vegetation 
communities could result from 
dust, salinity of gravel fill, snow 
drifts, and blockage of normal 
surface waterflow (USDI 1998).

Yes Yes Yes, partially Yes Yes Yes Gas commercialization High High
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19 Losses to wetlands would be 
expected due to changes in 
hydrology, filling, or draining from 
onshore pipeline construction 
(USACE 1999). JM/DF

Yes Yes Yes Yes Yes Yes Gas commercialization High High

20 Late melting of ice roads would 
affect nesting bird habitat (J. 
McKendrick pers. comm.).

Yes Yes Yes Yes Yes Yes Gas commercialization High Low

21 Habitat changes due to 
development of gravel mines 
would affect birds and terrestrial 
mammals (USACE 1999). TM

Yes Yes Yes Yes Yes Yes Gas commercialization Low Low

22 Winter gravel extraction 
activities would affect denning 
grizzly bears or arctic foxes 
(USACE 1999). TM

No No Yes No No No Fully mitigated Low Low

23 Gravel extraction would affect 
threatened and endangered 
species (USACE 1999).

Yes Yes Yes Yes No Yes Gas commercialization Low Low

24 The caribou forage lichens 
(Cladonia  spp.), have been 
found to be sensitive to SO 2 

concentrations as low as 0.05 
ppm (USDI 1972) and will be 
affected by air pollution (J. 
McKendrick pers. comm.).

No No Yes No No No Issue not 
realized

High Moderate

25 Modifications of wetland 
characteristics downstream from 
a point of blockage could affect a 
large area, especially if 
interconnecting wetlands are 
involved.  The invertebrate 
populations (waterfowl and 
shorebird food sources) are 
associated with specific 
vegetation types that could be 
destroyed if water levels are 
lowered. Experience in the 
Prudhoe Bay field indicates that 
blocked drainage and 
subsequent flooding is 
apparently difficult  to control 
(USACE 1980).

Yes Yes Yes Yes Yes Yes Gas commercialization High Abundant

Mortality 1 Oil/fuel spills will affect plankton 
and marine invertebrates 
(USACE 1999).

Yes Yes Yes Yes Yes Yes Gas commercialization High High
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2 Oil/fuel spills would affect 
freshwater and marine fish 
(USACE 1999). LM/WW

Yes Yes Yes Yes Yes Yes Gas commercialization High High

3 Oil/fuel spills would affect 
coastal vegetation and 
invertebrates (USACE 1999).

Yes Yes Yes Yes Yes Yes Gas commercialization High Abundant

4 Oil/fuel spills will affect birds, 
including threatened and 
endangered species  (USACE 
1999).

Yes Yes Yes Yes Yes Yes Gas commercialization Low None or Low

5 Oil/fuel spills would affect marine 
mammals (USACE 1999).

No Yes. Yes Yes Yes Yes Gas commercialization High Low

6 Oil and fuel spills from onshore 
and offshore activities and 
marine transportation would 
probably result in the loss of 
small numbers of terrestrial 
animals (USACE 1999). (TM)

Yes Yes Yes, partially Yes Yes Yes Gas commercialization High Moderate

7 Project operations would 
contribute to increased periods 
of open water that could lead to 
entrapment of some fish species 
(USACE 1999).LM/WW

No No Yes No No No Issue not 
realized

Low Low

8 Operational discharges offshore 
would affect fish (USACE 
1999).LM/WW

No No Yes No No No Issue not 
realized

Yes Low

9 Construction activities and oil 
field operations would attract 
polar bears (USACE 1999).  
Some polar bears could be killed 
to protect workers (USDI 1998). 
JJB

Yes Yes Yes Yes Yes Yes Gas commercialization Medium Moderate

10 Some grizzly bears are expected 
to be attracted to oil field 
facilities and a few could be lost 
due to interactions with humans 
(USDI 1989; USDI 1998). TM

Yes Yes Yes, partially Yes Yes Yes Gas commercialization High Moderate

11 Arctic fox abundance is 
expected to increase near the oil 
field due to increased food 
sources and shelter and could 
be killed (USDI 1998).

Yes Yes Yes, partially Yes Yes Yes Gas commercialization High Moderate
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12 Operations would contribute to 
increased periods of open water 
that could lead to entrapment of 
marine mammals (USACE 
1999).

No No No No No No Issue not 
realized

High Low

13 Birds would collide with 
aboveground manmade 
structures (USACE 1999).

Yes Yes Yes, partially Yes Yes Yes Gas commercialization Medium. Moderate

14 Vessels will collide with 
bowhead whales (USDI 1998). 
JJB

No Yes Yes Yes Yes Yes Gas commercialization Medium. Moderate

15 Operations would contribute to 
increased periods of open water 
that could lead to entrapment of 
marine birds (USACE 1999).

No No No No No No Issue not 
realized

Low Low

16 Arctic foxes would be stranded 
on artificial offshore islands 
during breakup (USACE 1999).

No No No No No No Issue not 
realized

Low Low

Human Harvest 1 Incremental expansion of 
petroleum development on the 
North Slope and in the Beaufort 
Sea will result in increased 
harvests of anadromous fish 
populations (B.J. Gallaway pers. 
comm.)

Yes Yes Yes, partially Yes Yes Yes Gas commercialization Medium Moderate

2 Increased access and increased 
human presence will intensify 
hunting, trapping of wolves 
(USDI 1976)

No No Yes No No No Issue not 
realized

High Moderate

VMT/PWS/ Sea 
Lanes
Obstructions to 
Movement

1 Presence of VMT may obstruct 
local movements of terrestrial 
mammals (R. Senner, pers. 
comm.).

Yes Yes No Yes Yes Yes Gas commercialization Low Low

Disturbance and 
Displacement

1 Construction of VMT disturbed 
and displaced birds and 
terrestrial mammals (R. Senner 
pers. comm.).

Yes No No Yes Yes Yes Gas commercialization Low Low
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2 Vessel noise could interfere with 
vocal communication of marine 
mammals and lead to avoidance 
of some areas.  Vessel traffic 
could displace seals and sea 
lions from haul-outs and displace 
other mammals (Richardson and 
Wursig 1997, Richardson et al. 
1995) and birds (R. Day refs.) 
from habitat (R. Johnson J. 
Burns pers. comms.) . 

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Tourism/Recreation

Medium Moderate

3 Chronic and catastrophic oil/fuel 
spills will occur (inferred: 
cleanup activities will disturb and 
displace fish and wildlife) (USDI 
1972). LM/WW

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Tourism/Recreation

High Abundant

4 VMT and PWS operations may 
affect endangered plant species 
(J. McKendrick pers. comm.)

No No Yes No No No Issue not 
realized

Medium Moderate

Habitat Alteration or 
Loss

1 Chronic and catastrophic oil/fuel 
spills will occur (inferred: marine 
and shoreline habitats will be 
altered) (USDI 1972). TM, 
LM/WW

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Tourism/Recreation

High Abundant

2 The long-term damage to bird 
habitat from chronic oil/fuel 
pollution may exceed that 
caused by irregularly occurring 
major spills (USDI 1972).

No Yes Yes Yes Yes Yes Gas commercialization, 
Tourism/Recreation

High Abundant

3 A tanker accident in Prince 
William Sound or other salmon 
producing area, where more 
than a small part of salmon 
spawn intertidally, could have a  
detrimental effect (USDI 1972). 
LM/WW

Yes Yes Yes Yes Yes Yes Gas commercialization Medium to 
High

Abundant

Mortality 1 Vessel strikes with marine 
mammals are a potential source 
of mortality (John Burns, pers. 
comm.).

No No Yes No Yes No Issue not 
realized

Low Low

2 Chronic and catastrophic oil/fuel 
spills will occur (inferred: fishes 
and marine and terrestrial 
mammal and birds will be killed 
and populations will be affected 
as a result of the spill) (USDI 
1972). TM; LM/WW 

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Tourism/Recreation

High Abundant
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3 Heavy coating of oil on seals is 
harmful (USDI 1972).

Yes Yes Yes Yes Yes Yes Gas commercialization, 
Tourism/Recreation

High Abundant

4 It is likely that commercial and 
recreational harvest of 
Dungeness crabs in Port Valdez 
would be lost as a result of 
normal terminal operations 
(USDI 1972).LM/WW

No No Yes No No No Issue not 
realized

Medium Moderate

5 Chronic low-level oil/fuel 
pollution would decrease the 
production of pink and chum 
salmon fry in Port Valdez and 
perhaps in Valdez Arm.  It may 
cause a loss of those salmon 
populations that spawn 
intertidally adjacent to the marine 
terminal site (USDI 1972). 
LM/WW

No No Yes No No No Issue not 
realized

Medium Moderate

6 Some part of the herring 
resource of Valdez Arm would 
be adversely affected by the 
oil/fuel losses associated with 
VMT operations.  A large part of 
the shellfish resources in Port 
Valdez would suffer adverse 
effects (USDI 1972).LM/WW

No No Yes No No No Issue not 
realized

Medium Moderate

7 Low-level oil pollution from 
intentional oil/fuel discharge from 
tank cleaning operations at sea 
would very likely kill sea otters, 
and it is likely that fur seals 
would also die (USDI 1972).

No No Yes No No No Issue not 
realized

Medium Moderate

8 Incidental bird mortality at VMT 
(R. Senner pers. comm.).

Yes Yes Yes, partially. Yes Yes Yes Gas commercialization High Low
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                          Table C-5  Social Issues Master List

Consolidated Issues Issues

TAPS CORRIDOR Economy

Local economics (revenue + expenditures) 1 Local community economic benefits (generation of property tax revenue, direct 
and indirect employment) from the construction of TAPS and sale of North Slope 
Oil.

Statewide economics (revenue + expenditures) 2 Statewide economic benefits (funding state programs, municipal revenue sharing) 
from the construction of TAPS and sale of North Slope Oil.

3 Increased inflation, unemployment and other dislocations during construction.

Native Hire (Isaacs, Clearwater pers. comm.) 4 Employment of Alaskan Native for TAPS and other North Slope oil and gas 
related activities.

TAPS CORRIDOR Sociocultural Systems

Demographics (D&M pers. comm.) 5 Population changes from direct and indirect employment.

Government services (Clearwater pers. comm.) 6 Funding of local government services through TAPS revenue.

Social relationships and structures (culture) 7 Accelerated cultural changes from North Slope oil development revenues and 
pipeline construction and operation. 

Language (D&M pers. comm.) 8 Loss of use of Native languages in Native communities.

Environmental Justice (EJ) 9 Disproportionate adverse effects on a minority population (subsistence, health 
effects).

 Traditional Knowledge (TK) 10 Incorporation of traditional knowledge in assessment of environmental affects.

Housing (D&M pers. comm.) 11 Increased demand for housing created by direct and indirectly employment, 
resulting in short term housing shortages and higher housing prices

TAPS CORRIDOR Subsistence

Availability and abundance of resources (fish, 
avian mammals, vegetation)

12 Hunting disturbance of subsistence resources that cause abandonment of the 
most accessible harvest areas.

13 Increased competition from sport hunting, fishing, and other recreational activities 
(for subsistence resources).

Access to harvest areas 14 Loss of access to subsistence resource (closure to hunting/fishing) due to 
industrial activity. 

Adverse impacts during the operational stage of 
TAPS 

15 Decreased subsistence harvests from possible shifts in migratory patterns of 
subsistence resources.

16 Reductions in populations of subsistence species.  
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                          Table C-5  Social Issues Master List

Consolidated Issues Issues

Oil spill effects (D&M pers. comm.) 17 Real or perceived indirect effects on social, cultural, and health from oil spill 
effects on subsistence resources.  (D&M pers. comm.)

18 Impacts to subsistence resources from oil spills on land, in streams and lakes, and 
marine waters. 

TAPS CORRIDOR     Cultural Resources 

Damage/destruction of resource/site 19  Increased adverse effects to archaeological sites from other development made 
possible by designation of the pipeline corridor.

TAPS CORRIDOR Land Ownership, Land Uses and Coastal Management 

Changes in land use 20 Short term and irreversible and irretrievable changes in land uses from project 
facilities.

21 Changes in existing land uses and patterns beyond the immediate effect zone 
from population influx.  

22 Alteration of existing land use patterns from establishment of new temporary 
communities and expansion of existing communities.

23 Establishment of new public access north of the Yukon River and resulting 
changes in land use.

24 Competing demand between TAGs, TAPS, ANGTs, and others for access and 
use of the material sources along the route. 

Conflict with management plans (D&M, 
Clearwater pers. comm.)

25 Land use changes conflict with management plans and/or regulations.

TAPS CORRIDOR Recreation & Visual Resources 

Visual Affects 26 Long-term visual effects from gravel drilling pads, material sites, berms and other 
landscape modifications, etc.

27 Visual effects of TAPS facilities on surrounding landscape

Recreation 28 Indirect and irreversible effects of human intrusion, TAPS facilities, and oil 
pollution on existing recreation values.

29 Increased access to lands for recreation and increased levels of recreation use.  
(D&M pers  comm.) 

TAPS CORRIDOR   Wilderness 

Construction/operation 30 Degradation of wilderness values from construction/operation of physical facilities 
in wilderness area.

Access 31 Increased access to wilderness areas resulting from project construction and 
operations.

Management Plans 32 Changes in wilderness character and conflicts with wilderness management plans.
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                          Table C-5  Social Issues Master List

Consolidated Issues Issues

TAPS CORRIDOR   Transportation

Provision of new facilities and services 33 Development of new transportation facilities and public access associated with 
construction and operation of the pipeline.  (D&M pers. comm.)

Increased demand on existing facilities and 
services

34 Changes in use levels, quality of services and costs of existing transportation 
facilities and services.

35 Traffic delays and increased potential for accidents.  

NORTH SLOPE Economy

Local economics (revenue + expenditures) 1 Local community economic benefits (generation of property tax revenue, direct 
and indirect employment) from the construction of TAPS and sale of North Slope 
Oil

Statewide economics (revenue + expenditures) 2 Statewide economic benefits (funding state programs, municipal revenue sharing) 
from the construction of TAPS and sale of North Slope Oil.

NORTH SLOPE Sociocultural Systems

Demographics (D&M pers. comm.) 3 Population changes from direct and indirect employment.

Social relationships and structures (culture) 4 Accelerated cultural changes from North Slope oil development revenues and 
pipeline construction and operation. 

Language (D&M pers. comm.) 5 Loss of use of Native languages in Native communities.

Environmental Justice (EJ) 6 Disproportionate adverse effects on a minority population (subsistence, health 
effects).

 Traditional Knowledge (TK) 7 Incorporation of traditional knowledge in assessment of environmental affects.

NORTH SLOPE Subsistence

Access to harvest areas 8 Loss of access to subsistence resource (closure to hunting/fishing) due to 
industrial activity. 

Adverse impacts during the operational stage of 
TAPS 

9 Decreased subsistence harvests from possible shifts in migratory patterns of 
subsistence resources. 

Oil spill effects 10 Real and perceived indirect effects on social, cultural, and health from oil spill 
effects on subsistence resources.  (D&M pers. comm.)

11 Real and perceived impacts to subsistence resources from oil spills on land, in 
streams and lakes, and marine waters

Adverse impacts to subsistence resources 12 Impacts of oil and gas development infrastructure and pipelines on subsistence 
because of potential damage to biological resources and habitats. 
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                          Table C-5  Social Issues Master List

Consolidated Issues Issues

NORTH SLOPE Cultural Resources

Damage/destruction of resource/site 13  Increased adverse effects to archaeological sites from other development of 
roads, pads, and pipelines.

NORTH SLOPE Land Ownership, Land Uses and Coastal Management 

Changes in land use 14 Short term and irreversible and irretrievable changes in land uses from project 
facilities.

15 Alteration of existing land use patterns from establishment of new temporary 
communities and expansion of existing communities.

16 Competing demand from other development projects for access and use of 
material sources. 

Conflict with management plans (D&M, 
Clearwater pers. comm.)

17 Land use changes conflict with management plans and/or regulations.

NORTH SLOPE Recreation and Visual Resources

Visual Effects 18 Long-term visual effects from gravel drilling pads, material sites, berms and other 
landscape modifications, etc.

19 Visual effects of oil development facilities on surrounding landscape.

NORTH SLOPE Wilderness

Construction/operation 20 Degradation of wilderness values from construction/operation of physical facilities 
in wilderness area.

Access 21 Increased access to wilderness areas resulting from project construction and 
operation.

Management Plans 22 Changes in wilderness character and conflicts with management plans.

NORTH SLOPE Transportation

Provision of new facilities and services 23 Development of new transportation facilities and public access associated with 
construction and operation of oilfields.  (D&M pers. comm.)

Increased demand on existing facilities and 
services

24 Changes in use levels, quality of services and costs of existing transportation 
facilities and services.
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                          Table C-5  Social Issues Master List

Consolidated Issues Issues

VALDEZ MARINE TERMINAL Economy

Local economics (revenue + expenditures) 1 Local community economic benefits (generation of property tax revenue, direct 
and indirect employment) from the construction of TAPS and sale of North Slope 
Oil

2 Economic impact resulting from gear losses and interruptions in fishing activities 
caused by tanker traffic.

3 Tanker and other vessel traffic interference with what are essentially non-
relocatable fishing operations.

4 Increased inflation, unemployment and other dislocations during construction.

Local economies (oil spill effects) 5 Economic impact resulting from reduced catches, unmarketable catches, or 
closure of fisheries due to oil pollution.

Statewide economics (revenue + expenditures) 6 Statewide economic benefits (funding state programs, municipal revenue sharing) 
from the construction of TAPS and sale of North Slope Oil.

VALDEZ MARINE TERMINAL Sociocultural Systems

Demographics (D&M pers. comm.) 7 Population changes from direct and indirect employment.

Government services (Clearwater pers. comm.) 8 Funding of local government services through TAPS revenue.

Language (D&M pers. comm.) 9 Loss of use of Native languages in Native communities.

Environmental Justice (EJ) 9 Disproportionate adverse effects on a minority population (subsistence, health 
effects).

 Traditional Knowledge (TK) 10 Incorporation of traditional knowledge in assessment of environmental affects.

Housing (D&M pers. comm.) 11 Increased demand for housing created by direct and indirect employment resulting 
in short term housing shortages and higher housing prices.

Misc. 12 Aesthetic impacts from additional development projects to the appearance and 
character of Valdez.

VALDEZ MARINE TERMINAL Subsistence

Availability and abundance of resources (fish, 
avian mammals, vegetation)

13 Increased competition from sport hunting, fishing, and other recreational activities 
(for subsistence resources).

Access to harvest areas 14 Loss of access to subsistence resource (closure to hunting/fishing) due to 
industrial activity. 
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                          Table C-5  Social Issues Master List

Consolidated Issues Issues

Oil spill effects (D&M pers. comm.) 15 Real or perceived indirect effects on social, cultural, and health from oil spill 
effects on subsistence resources.  (D&M pers. comm.)

Impacts to subsistence resources from oil spills on land, in streams and lakes, and 
marine waters. 

VALDEZ MARINE TERMINAL     Cultural Resources 

Damage/destruction of resource/site 16  Increased adverse effects to archaeological sites from other development made 
possible by designation of facilities.

VALDEZ MARINE TERMINAL Land Ownership, Land Uses and Coastal Management 

Changes in land use 17 Short term and irreversible and irretrievable changes in land uses from project 
facilities.

18 Alteration of existing land use patterns from establishment of new temporary 
communities and expansion of existing communities.

Conflict with management plans (D&M, 
Clearwater pers. comm.)

19 Land use changes conflict with management plans and/or regulations.

VALDEZ MARINE TERMINAL Recreation & Visual Resources 

Recreation 20 Indirect and irreversible effects of human intrusion, TAPS facilities, and oil 
pollution on existing recreation values.

21 Over time, a permanent increase in the population of Valdez to support operation 
of new facilities could lead to moderate increases in recreational use and pressure 
on limited recreational resources. 

VALDEZ MARINE TERMINAL Wilderness

Construction/operation 22 Degradation of wilderness values from construction/operation of physical facilities 
and shipment of oil.

VALDEZ MARINE TERMINAL Transportation

Increased demand on existing facilities and 
services

23 Changes in use levels, quality of services and costs of existing transportation 
facilities and services.
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TAPS CORRIDOR Economy

Local economics (revenue + 
expenditures)

1 Local community economic benefits (generation 
of property tax revenue, direct and indirect 
employment) from the construction of TAPS and 
sale of North Slope Oil.

YES YES N/A YES N/A YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.

GOOD GOOD

Statewide economics (revenue 
+ expenditures)

2 Statewide economic benefits (funding state 
programs, municipal revenue sharing) from the 
construction of TAPS and sale of North Slope 
Oil.

YES YES N/A YES N/A YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.

GOOD GOOD

3 Increased inflation, unemployment and other 
dislocations during construction.

YES NO N/A YES YES YES 1. GAS COMM.
2. MILITARY

GOOD GOOD

Native Hire (Isaacs, Clearwater 
pers. comm.)

4 Employment of Alaskan Native for TAPS and 
other North Slope oil and gas related activities.

YES YES Partial YES NO YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.
4. ECON/CULTUR
    (PAST)

GOOD FAIR

TAPS CORRIDOR Sociocultural Systems

Demographics (D&M pers. 
comm.)

5 Population changes from direct and indirect 
employment.

YES NO N/A/ YES YES YES 1. GAS COMM. FAIR FAIR

Government services 
(Clearwater pers. comm.)

6 Funding of local and state government services 
through TAPS revenue.

YES YES N/A YES NO YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.

FAIR MINIMAL

Social relationships and 
structures (culture)

7 Accelerated cultural changes from North Slope 
oil development revenues and pipeline 
construction and operation. 

YES YES Partial YES YES YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.
4. ECON/CULTUR
    (PAST)

FAIR ABUNDANT

Language (D&M pers. comm.) 8 Loss of use of Native languages in Native 
communities.

YES YES YES YES YES YES 1. GAS COMM.
2. ECON/CULTUR
    (PAST)

GOOD MINIMAL

                                              1 Source: TAPS FEIS unless otherwise noted.
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Environmental Justice (EJ) 9 Disproportionate adverse effects on a minority 

population (subsistence, health effects).
YES YES NO YES YES YES 1. GAS COMM.

2. MILITARY
3. TOURISM/REC.

FAIR MINIMAL

 Traditional Knowledge (TK) 10 Incorporation of traditional knowledge in 
assessment of environmental affects.

YES YES NO YES YES YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.

FAIR MINIMAL

Housing (D&M pers. comm.) 11 Increased demand for housing created by direct 
and indirect employment, resulting in short term 
housing shortages and higher housing prices

YES YES NO YES YES YES 1. GAS COMM.
2. MILITARY

GOOD GOOD

TAPS CORRIDOR Subsistence

Availability and abundance of 
resources (fish, avian mammals, 
vegetation)

12 Hunting disturbance of subsistence resources 
that cause abandonment of the most accessible 
harvest areas.

YES YES NO YES YES YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.

FAIR MINIMAL

13 Increased competition from sport hunting, 
fishing, and other recreational activities (for 
subsistence resources).

YES YES NO YES YES YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.

GOOD ABUNDANT

Access to harvest areas 14 Loss of access to subsistence resource 
(closure to hunting/fishing) due to industrial 
activity. 

YES YES NO YES YES YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.

FAIR MINIMAL

Adverse impacts during the 
operational stage of TAPS 

15 Decreased subsistence harvests from possible 
shifts in migratory patterns of subsistence 
resources.

NO NO N/A NO NO NO Animals 
habituated to 
pipeline.

GOOD GOOD

16 Reductions in populations of subsistence 
species.  

YES YES NO YES YES YES 1. GAS COMM.
2. TOURISM/REC.

GOOD GOOD

Oil spill effects (D&M pers. 
comm.)

17 Real or perceived indirect effects on social, 
cultural, and health from oil spill effects on 
subsistence resources.  (D&M pers. comm.)

? YES Partially YES YES YES 1. GAS COMM. FAIR FAIR

                                              1 Source: TAPS FEIS unless otherwise noted.
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18 Impacts to subsistence resources from oil spills 
on land, in streams and lakes, and marine 
waters. 

NO YES Partially YES YES YES 1. GAS COMM. FAIR FAIR

TAPS CORRIDOR     Cultural Resources 

Damage/destruction of 
resource/site

19  Increased adverse effects to archaeological 
sites from other development made possible by 
designation of the pipeline corridor.

YES YES NO YES YES YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.

GOOD GOOD

TAPS CORRIDOR Land Ownership, Land Uses and Coastal Management 

Changes in land use 20 Short term and irreversible and irretrievable 
changes in land uses from project facilities.

YES YES NO YES YES YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.
4. ECON/CULTUR
    (PAST)

FAIR FAIR

21 Changes in existing land uses and patterns 
beyond the immediate effect zone from 
population influx.  

YES NO N/A/ YES YES YES 1. GAS COMM.
2. MILITARY

POOR MINIMAL

22 Alteration of existing land use patterns from 
establishment of new temporary communities 
and expansion of existing communities.

YES NO N/A NO YES NO Not a current 
or future issue.

FAIR FAIR

23 Establishment of new public access north of the 
Yukon River and resulting changes in land use.

YES YES NO YES YES YES 1. GAS COMM.
2. TOURISM/REC.

FAIR FAIR

24 Competing demand between TAGs, TAPS, 
ANGTs, and others for access and use of the 
material sources along the route. 

NO NO N/A YES N/A YES 1. GAS COMM. GOOD GOOD

Conflict with management plans 
(D&M, Clearwater pers. comm.)

25 Land use changes conflict with management 
plans and/or regulations.

YES NO YES YES NO YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.

GOOD GOOD

                                              1 Source: TAPS FEIS unless otherwise noted.
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TAPS CORRIDOR Recreation & Visual Resources 

Visual Affects 26 Long-term visual effects from gravel drilling 
pads, material sites, berms and other 
landscape modifications, etc.

YES YES Partial YES YES YES 1. GAS COMM. GOOD GOOD

27 Visual effects of TAPS facilities on surrounding 
landscape

YES YES Partial YES YES YES 1. GAS COMM.
2. TOURISM/REC.

GOOD GOOD

Recreation 28 Indirect and irreversible effects of human 
intrusion, TAPS facilities, and oil pollution on 
existing recreation values.

YES YES Partial YES YES YES 1. GAS COMM.
2. TOURISM/REC.

FAIR FAIR

29 Increased access to lands for recreation and 
increased levels of recreation use.  (D&M pers  
comm.) 

YES YES NO YES YES YES 1. GAS COMM.
2. TOURISM/REC.

FAIR FAIR

TAPS CORRIDOR   Wilderness 

Construction/operation 30 Degradation of wilderness values from 
construction/operation of physical facilities in 
wilderness area.

YES YES NO YES YES YES 1. GAS COMM.
2. TOURISM/REC.

FAIR FAIR

Access 31 Increased access to wilderness areas resulting 
from project construction and operations.

YES YES YES NO YES YES 1. GAS COMM.
2. TOURISM/REC.

FAIR FAIR

Management Plans 32 Changes in wilderness character and conflicts 
with wilderness management plans.

YES NO N/A YES N/A YES 1. GAS COMM. FAIR FAIR

TAPS CORRIDOR   Transportation

Provision of new facilities and 
services

33 Development of new transportation facilities 
and public access associated with construction 
and operation of the pipeline.  (D&M pers. 
comm.)

YES NO N/A NO N/A NO Not a current 
or future issue.

FAIR FAIR

Increased demand on existing 
facilities and services

34 Changes in use levels, quality of services and 
costs of existing transportation facilities and 
services.

YES NO N/A NO N/A NO Not a current 
or future issue.

FAIR FAIR

                                              1 Source: TAPS FEIS unless otherwise noted.
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35 Traffic delays and increased potential for 

accidents.  
YES YES NO YES YES YES 1. GAS COMM.

2. TOURISM/REC.
FAIR FAIR

NORTH SLOPE Economy

Local economics (revenue + 
expenditures)

1 Local community economic benefits (generation 
of property tax revenue, direct and indirect 
employment) from the construction of TAPS and 
sale of North Slope Oil.

YES YES N/A YES N/A YES 1. GAS COMM. GOOD GOOD

Statewide economics (revenue 
+ expenditures)

2 Statewide economic benefits (funding state 
programs, municipal revenue sharing) from the 
construction of TAPS and sale of North Slope 
Oil.

YES YES N/A YES N/A YES 1. GAS COMM. GOOD GOOD

Native hire (D&M, Clearwater 
pers. comm.)

3 Employment of Alaska Natives for TAPS and 
other North Slope oil and gas related activities.

YES YES Partial YES NO YES 1. GAS COMM.
2. MILITARY
3. TOURISM/REC.
4. ECON/CULTUR
    (PAST)

GOOD FAIR

Development of Native-owned 
oil and gas (D&M pers. comm.)

4 Facilitation of development of Native-owned oil 
and gas reserves.

NO YES N/A YES N/A YES 1. GAS COMM. POOR MINIMAL

NORTH SLOPE Sociocultural Systems
Demographics (D&M pers. 
comm.)

5 Population changes from direct and indirect 
employment.

YES YES N/A YES N/A YES 1. GAS COMM. GOOD GOOD

Social relationships and 
structures (culture)

6 Accelerated cultural changes from North Slope 
oil development revenues and pipeline 
construction and operation. 

YES YES Partial YES YES YES 1. GAS COMM. GOOD GOOD

Language (D&M pers. comm.) 7 Loss of use of Native languages in Native 
communities.

YES YES Partially YES YES YES 1. GAS COMM.
2. ECON/CULTUR

GOOD MINIMAL

Environmental Justice (EJ) 8 Disproportionate adverse effects on a minority 
population (subsistence, health effects).

YES YES NO YES YES YES 1. GAS COMM. FAIR MINIMAL

                                              1 Source: TAPS FEIS unless otherwise noted.
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 Traditional Knowledge (TK) 9 Incorporation of traditional knowledge in 
assessment of environmental affects.

YES YES NO YES YES YES 1. GAS COMM. GOOD GOOD

NORTH SLOPE Subsistence

Access to harvest areas 10 Loss of access to subsistence resource 
(closure to hunting/fishing) due to industrial 
activity. 

YES YES NO YES YES YES 1. GAS COMM. GOOD GOOD

Adverse impacts during the 
operational stage of TAPS 

11 Decreased subsistence harvests from possible 
shifts in migratory patterns of subsistence 
resources. 

NO NO N/A NO NO NO Animals 
habituated to 
facilities and 
pipelines.

GOOD

GOOD

Oil spill effects 12 Real and perceived indirect effects on social, 
cultural, and health from oil spill effects on 
subsistence resources.  (D&M pers. comm.)

YES YES Partially YES YES YES 1. GAS COMM. FAIR FAIR

13 Real and perceived direct impacts to 
subsistence resources from oil spills on land, in 
streams and lakes, and marine waters

YES YES Partially YES YES YES 1. GAS COMM. FAIR FAIR

Adverse impacts to subsistence 
resources

14 Impacts of oil and gas development 
infrastructure and pipelines on subsistence 
because of potential damage to biological 
resources and habitats. 

YES YES NO YES YES YES 1. GAS COMM. FAIR FAIR

NORTH SLOPE Cultural Resources
Damage/destruction of 
resource/site

15  Increased adverse effects to archaeological 
sites from other development of roads, pads, 
and pipelines.

YES YES Partially YES YES YES 1. GAS COMM. GOOD GOOD

NORTH SLOPE Land Ownership, Land Uses and Coastal Management 
Changes in land use 16 Short term and irreversible and irretrievable 

changes in land uses from project facilities.
YES YES NO YES YES YES 1. GAS COMM.

2. ECON/CULTUR
GOOD GOOD

                                              1 Source: TAPS FEIS unless otherwise noted.
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17 Alteration of existing land use patterns from 

establishment of new temporary communities 
and expansion of existing communities.

YES YES N/A YES YS YES 1. GAS COMM. GOOD GOOD

18 Competing demand from other development 
projects for access and use of material sources. 

NO YES N/A YES N/A YES 1. GAS COMM. GOOD GOOD

Conflict with management plans 
(D&M, Clearwater pers. comm.)

19 Land use changes conflict with management 
plans and/or regulations.

YES NO YES YES NO YES 1. GAS COMM.
2. ECON/CULTUR

GOOD GOOD

NORTH SLOPE Recreation and Visual Resources

Visual Affects 20 Long-term visual effects from gravel drilling 
pads, material sites, berms and other 
landscape modifications, etc.

YES YES NO YES YES YES 1. GAS COMM. GOOD GOOD

21 Visual effects of oil development facilities on 
surrounding landscape.

YES YES NO YES YES YES 1. GAS COMM. GOOD GOOD

NORTH SLOPE Wilderness

Construction/operation 22 Degradation of wilderness values from 
construction/operation of physical facilities in 
wilderness area.

YES YES NO YES YES YES 1. GAS COMM. FAIR FAIR

Access 23 Increased access to wilderness areas resulting 
from project construction and operation.

NO NO N/A YES N/A YES 1. GAS COMM. GOOD GOOD

Management Plans 24 Changes in wilderness character and conflicts 
with management plans.

NO NO N/A YES YES YES 1. GAS COMM. FAIR MINIMAL

NORTH SLOPE Transportation

                                              1 Source: TAPS FEIS unless otherwise noted.
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Provision of new facilities and 
services

25 Development of new transportation facilities 
and public access associated with construction 
and operation of oilfields.  (D&M pers. comm.)

YES YES Partially YES YES YES 1. GAS COMM. GOOD GOOD

Increased demand on existing 
facilities and services

26 Changes in use levels, quality of services and 
costs of existing transportation facilities and 
services.

YES NO N/A YES YES YES 1. GAS COMM. GOOD GOOD

VALDEZ MARINE 
TERMINAL 

Economy

Local economics (revenue + 
expenditures)

1 Local community economic benefits (generation 
of property tax revenue, direct and indirect 
employment) from the construction of TAPS and 
sale of North Slope Oil.

YES YES N/A YES N/A YES 1. GAS COMM.
2. TOURISM/REC.

GOOD GOOD

2 Economic impact resulting from gear losses and 
interruptions in fishing activities caused by 
tanker traffic.

NO NO N/A NO N/A NO Issue not a 
current or 
future issue.

GOOD GOOD

3 Tanker and other vessel traffic interference with 
what are essentially non-relocatable fishing 
operations.

YES NO NO NO YES NO Issue not a 
current or 
future issue.

FAIR FAIR

4 Increased inflation, unemployment and other 
dislocations during construction.

YES NO NO NO YES NO Issue not a 
current or 
future issue.

GOOD GOOD

Local economies (oil spill 
effects)

5 Economic impact resulting from reduced 
catches, unmarketable catches, or closure of 
fisheries due to oil pollution.

YES YES Partially YES YES YES 1. GAS COMM.
2. TOURISM/REC.

GOOD GOOD

Statewide economics (revenue 
+ expenditures)

6 Statewide economic benefits (funding state 
programs, municipal revenue sharing) from the 
construction of TAPS and sale of North Slope 
Oil.

YES YES N/A YES N/A YES 1. GAS COMM.
2. TOURISM/REC.

GOOD GOOD

                                              1 Source: TAPS FEIS unless otherwise noted.
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VALDEZ MARINE 
TERMINAL 

Sociocultural Systems

Demographics (D&M pers. 
comm.)

7 Population changes from direct and indirect 
employment.

YES YES NO YES YES YES 1. GAS COMM. GOOD GOOD

Government services 
(Clearwater pers. comm.)

8 Funding of local government services through 
TAPS revenue.

YES YES N/A YES N/A YES 1. GAS COMM.
2. TOURISM/REC.

GOOD GOOD

Language (D&M pers. comm.) 9 Loss of use of Native languages in Native 
communities.

YES YES Partially YES YES YES 1. GAS COMM. FAIR FAIR

Environmental Justice (EJ) 9 Disproportionate adverse effects on a minority 
population (subsistence, health effects).

YES YES NO YES YES YES 1. GAS COMM. GOOD GOOD

 Traditional Knowledge (TK) 10 Incorporation of traditional knowledge in 
assessment of environmental affects.

YES YES NO YES YES YES 1. GAS COMM. FAIR FAIR

Housing (D&M pers. comm.) 11 Increased demand for housing created by direct 
and indirect employment resulting in short term 
housing shortages and higher housing prices.

YES YES Partially YES YES YES 1. GAS COMM. GOOD GOOD

Misc. 12 Aesthetic impacts from additional development 
projects to the appearance and character of 
Valdez.

NO NO N/A YES YES YES 1. GAS COMM.
2. TOURISM/REC.

FAIR FAIR

VALDEZ MARINE 
TERMINAL 

Subsistence

Availability and abundance of 
resources (fish, avian mammals, 
vegetation)

13 Increased competition from sport hunting, 
fishing, and other recreational activities (for 
subsistence resources).

NO NO N/A NO N/A NO Not a realized, 
current or 
future issue.

FAIR FAIR

Access to harvest areas 14 Loss of access to subsistence resource 
(closure to hunting/fishing) due to industrial 
activity. 

NO NO N/A NO N/A NO Not a realized, 
current or 
future issue.

FAIR FAIR

                                              1 Source: TAPS FEIS unless otherwise noted.
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Oil spill effects (D&M pers. 
comm.)

15 Real or perceived indirect effects on social, 
cultural, and health from oil spill effects on 
subsistence resources.  (D&M pers. comm.)

YES YES NO YES YES YES 1. GAS COMM.
2. TOURISM/REC.

GOOD ABUNDANT

16 Direct impacts to subsistence resources from oil 
spills on land, in streams and lakes, and marine 
waters. 

YES YES Partially YES YES YES 1. GAS COMM.
2. TOURISM/REC.

GOOD ABUNDANT

VALDEZ MARINE 
TERMINAL 

    Cultural Resources 

Damage/destruction of 
resource/site

17  Increased adverse effects to archaeological 
sites from other development made possible by 
designation of facilities.

YES NO Partially YES YES YES 1. GAS COMM. GOOD GOOD

VALDEZ MARINE 
TERMINAL 

Land Ownership, Land Uses and Coastal Management 

Changes in land use 18 Short term and irreversible and irretrievable 
changes in land uses from project facilities.

YES NO NO NO YES NO Not a realized, 
current or 
future issue.

GOOD GOOD

19 Alteration of existing land use patterns from 
establishment of new temporary communities 
and expansion of existing communities.

YES YES Partially YES YES YES 1. GAS COMM. GOOD GOOD

Conflict with management plans 
(D&M, Clearwater pers. comm.)

20 Land use changes conflict with management 
plans and/or regulations.

NO NO N/A NO N/A NO Not a realized, 
current or 
future issue.

GOOD GOOD

VALDEZ MARINE 
TERMINAL 

Recreation & Visual Resources 

Recreation 21 Indirect and irreversible effects of human 
intrusion, TAPS facilities, and oil pollution on 
existing recreational values.

YES YES Partially YES YES YES 1. GAS COMM.
2. TOURISM/REC.

GOOD GOOD

                                              1 Source: TAPS FEIS unless otherwise noted.
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Quality Quantity
22 Over time, a permanent increase in the 

population of Valdez to support operation of 
new facilities could lead to moderate increases 
in recreational use and pressure on limited 
recreational resources. 

YES YES NO YES YES YES 1. GAS COMM.
2. TOURISM/REC.

FAIR FAIR

VALDEZ MARINE 
TERMINAL 

Wilderness

Construction/operation 23 Degradation of wilderness values from 
construction/operation of physical facilities and 
shipment of oil.

YES YES Partially YES YES YES 1. GAS COMM.
2. TOURISM/REC.

GOOD GOOD

VALDEZ MARINE 
TERMINAL 

Transportation

Increased demand on existing 
facilities and services

24 Changes in use levels, quality of services and 
costs of existing transportation facilities and 
services.

YES NO N/A YES YES YES 1. GAS COMM.
2. TOURISM/REC.

FAIR FAIR

                                              1 Source: TAPS FEIS unless otherwise noted.
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 Appendix D. Documentation of the November 6, 2001 CEA 
Workshop with Regulatory Agency Representatives  
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CUMULATIVE EFFECTS ASSESSMENT WORKSHOP 
NOVEMBER 6, 2001 

BACKGROUND READING 

 
Soon after the National Environmental Policy Act of 1970 (NEPA) was 

signed into law by President Nixon (42 USC 4321 et seq.), the President’s 
Council on Environmental Quality (CEQ) issued interim guidelines to explain 
how NEPA should be applied when an environmental assessment (EA) or 
environmental impact statement (EIS) is being prepared.  The interim guidelines 
noted that the effects of large numbers of federal decisions about proposed actions 
can be “individually limited but cumulatively considerable” (35 Federal Register 
7391, May 12, 1970). 

 
In 1978, the CEQ issued regulations (40 CFR 1500-1508) that replaced the 

interim guidelines.  The CEQ regulations require the EA or EIS preparer to 
consider not only the individual direct and indirect effects of a proposed action 
and each of its alternatives, but also the potential cumulative effects, which are 
defined as: 

the impact on the environment which results from the incremental 
impact of the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what agency 
(Federal or non-Federal) or person undertakes such other actions 
(40 CFR 1508.7). 

 
Because this was the CEQ’s only guidance regarding cumulative effects, 

federal agencies independently developed their own procedures to analyze the 
potential cumulative effects of actions under consideration.  These procedures 
varied considerably and produced a wide range of different approaches that were 
inconsistent in methodological rigor and thoroughness.  To correct this situation, 
the CEQ issued a handbook on cumulative effects assessment for NEPA 
practitioners (CEQ 1997).  This handbook is the basis for the cumulative effects 
assessment approach used as the starting point for the November 6th workshop. 

 
The CEQ handbook sets forth a process that combines three basic 

components: 
1) The predicted direct and indirect effects of a described future action; 
2) Effects of other past, present, and reasonably foreseeable future actions; 

and 

331 



3) Additive or interactive relationships between (1) and (2) that can result in 
cumulative effects. 

 
The CEQ emphasizes that the handbook “is not formal guidance nor is it 

exhaustive or definitive; it should assist practitioners in developing their own 
study-specific approaches” (CEQ 1997, p. vi).  This is exactly what has occurred 
since the guidelines were passed.  In preparing environmental reports (ERs) for 
proposed exploration or production projects, BP has found that practitioners show 
little consistency in their analytic approaches to cumulative effects.  Yet, at the 
same time, these inconsistent approaches all generally conform to the CEQ 
guidelines, because the guidelines allow practitioners such broad latitude.  This 
variation makes it difficult to compare the predicted cumulative effects of one 
project with another.  It has also become apparent that the lack of a clearly 
defined analytic approach can slow the progress of ER preparation, because 
practitioners must, to some extent, “reinvent” the process for each new project.  
There may be corresponding concerns associated with agency review of the 
environmental reports.  For these reasons, BPXA has decided to seek advice from 
agency representatives through a one-day workshop.  The goal of the workshop is 
to produce concise, step-wise guidelines for a method that BPXA will use, with 
agency concurrence, to prepare the cumulative effects sections of future 
environmental reports. 

Introduction 
 
The basic idea behind cumulative effects assessment is that if we evaluate 

proposed actions on a one-by-one basis, we will miss the big picture: the additive 
result of many actions, each exerting its beneficial or adverse environmental 
influence over time.  It was this need to avoid the piecemeal assessment of 
environmental impacts that led to inclusion of the cumulative effects requirement 
in the 1978 CEQ regulations and to the eventual development of the CEQ’s 
cumulative effects handbook (CEQ 1997; http://ceq.eh.doe.gov/nepa/ccenepa/ 
ccenepa.htm) and other guidelines based on that handbook, in particular the May 
1999 guidance prepared by the U.S. Environmental Protection Agency to assist 
the EPA’s own review of NEPA documents (EPA 1999; http://es.epa.gov/oeca/ 
ofa/cumula.html).  In addition, the European Union has developed guidelines for 
the analysis of indirect and cumulative effects that may prove to be influential 
among U.S. practitioners in the future (http://europa.eu.int/comm/environment/ 
eia/eia-studies-and-reports/guidel.htm). 
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Although predictions of direct effects of individual proposed actions tend to 

be more certain, cumulative effects may have more important consequences over 
the long term.  The possibility of these “hidden” consequences presents a risk to 
decisionmakers, because it is not always obvious what the ramifications of an 
individual decision might be.  The goal of identifying potential cumulative 
effects, therefore, is to allow informed decisions—choices with some awareness 
of implications and consequences beyond the immediate effects of the project 
under consideration. 

 
To be reliable, any cumulative effects analysis must use a procedure that is (1) 

logical and methodical, and (2) transparent and reproducible.  The following 
discussion reviews a general approach that will be used as a straw man to critique 
during the workshop.  Our goal will be to use this step-by-step critique to 
produce a concise set of guidelines by the end of the session. 

General Approach 
 
Cumulative effects analysis must combine four components: (1) a scope that 

sets boundaries in location and time; (2) past, present, and predicted events or 
actions; (3) evidence for pathways or mechanisms through which these actions 
could interact additively or synergistically; and (4) a system for assessing the 
significance of potential cumulative effects that have been identified through the 
analysis.  The CEQ (1997) has established eight principles, shown in Table 1, that 
expand on this idea. 

 
Beyond the general principles, a stepwise procedure is required to ensure that 

the analysis is conducted in a systematic, reproducible way that anyone can 
independently examine and evaluate.  Our straw man basically follows the 
procedure recommended by CEQ (1997), with some modifications to clarify and 
consolidate the analytic process and make it more explicit for the practitioner.   

 
The sequence follows nine steps that can be classified into four basic stages: 

Scoping, Organizing, Screening, and Evaluating.  Table 1 compares the CEQ 
procedure side-by-side with the method used for our straw man and shows how 
the individual parts of the CEQ approach have been adapted and applied to the 
straw man. 
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The approach described in Table 1 can be compared to a series of filters or 
meshes, each one finer than the one before.  In a step-by-step process, the analysis 
progresses from broad scoping, through classifying and tabulating, to the selective 
screening and capture of potential cumulative effects.  Finally, the effects are 
evaluated, discussed, and presented in tabular format supported by text. 

 
To perform the nine steps in this process, techniques are required that can be 

easily followed and understood.  This is important because each analytical step 
forms a premise on which the next step is based.  If something is wrong in an 
early step, it can affect all of the following steps and, ultimately, the conclusions.  
The following discussions briefly explain how each stage in the analytic process 
is conducted to ensure that the next step will be on a solid footing. 
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Table 1.  Step-Wise Procedure for Cumulative Effects Analysis 

Recommendations from CEQ (1997) Approach Used for Straw Man Analysis 
A.  Scoping: Identify Issues, Actions, and Boundaries 

1. Identify the significant cumulative effects issues 
associated with the proposed action and define the 
assessment goals. 

1. Review the predicted direct and indirect effects of the  
alternatives on the physical, biological, and social 
environments.  Use a checklist to categorize resource 
components against their potential impacts and to note 
whether the impacts are assessed as significant. 

2. Establish the geographic scope for the analysis. 2. Using Step 1 as a guide, review past NEPA documents, 
environmental reports, and the peer-reviewed literature 
to identify other past, current, and predicted human 
actions and natural events (“external influences”) 
affecting the identified resource components.  Interview 
agency representatives and subject experts to determine 
potential future actions that have received agency notice 
or review, and to identify emerging issues of concern. 

3. Establish the time frame for the analysis. 3. On the basis of the above reviews, establish a 
geographic scope tailored to each resource (i.e., different 
resources may have different geographic scopes). 

4. Identify other actions affecting the resources, 
ecosystems, and human communities of concern. 

4. Establish the time frame for the analysis so that it 
accommodates all of the project alternatives and the 
identified external influences, with realistic and 
defensible rationales for the past and future boundaries. 

B.  Organizing: Classify Resource Components, Predicted Impacts, and External Influences  
5. Characterize the resources, ecosystems, and human 

communities identified during scoping in terms of 
their response to change and capacity to withstand 
stresses. 

6. Characterize the stresses affecting the resources, 
ecosystems, and human communities and their 
relation to regulatory thresholds. 

5. Working through one project alternative at a time, 
prepare a table for each resource component, listing the  
predicted direct and indirect effects of the alternative and 
whether they are ranked as significant (rows). 

6. Array the identified past, current, and potential future 
external influences (human actions and natural events) 
along the top (columns).  Add two final columns for 
cumulative effects and their likelihood of significance.  

C.  Screening: Identify Potential Cumulative Effects 
7. Define a baseline condition for the resources, 

ecosystems, and human communities. 
7. Define and explain baseline conditions where data 

allow, based on and consistent with preceding sections 
on the affected environment and environmental 
consequences.  Data availability and quality will vary 
among resources. 

8. Identify the important cause-and-effect relationships 
between human activities and resources, ecosystems, 
and human communities. 

8. Using the tables prepared in Steps 5 and 6, enter the 
appropriate information for each cell in summary form.  
Prepare text supporting this analysis. 

D.  Evaluating: Determine Significance and Likelihood 
9. Using defined criteria appropriate to the resource under 

discussion, evaluate the significance of potential 
cumulative effects.  In the final column, state whether 
the identified cumulative effect is likely to be significant 
(Y or N).  In text discussions, explain the rationale for 
each evaluation. 

All alternatives must be in full compliance with laws, 
regulations, permits, and stipulations and must incorporate 
appropriate mitigation measures. 

9. Determine the magnitude and significance of 
cumulative effects. 

10. Modify or add alternatives to avoid, minimize, or 
mitigate significant cumulative effects. 

11. Monitor the cumulative effects of the selected 
alternative and adapt management accordingly. 

Monitoring is important but beyond the scope of the 
workshop. 



CUMULATIVE EFFECTS ASSESSMENT WORKSHOP 
TUESDAY, NOVEMBER 6, 2001 

AGENDA 
 

9:00 Introduction – Bill Streever (host) and participants 
9:30 Background, Workshop Goals, and Straw Man Presentation – Robin Senner (leader) 
10:00 Scoping: Identify Issues, Actions, and Boundaries 

• Opening explanation – Robin Senner 
• Discussion 
• Consensus guidelines 
• Topics for future resolution 

10:45 Break 
11:00 Organizing: Classify Resource Components, Predicted Impacts, and External Influences 

• Opening explanation – Robin Senner 
• Discussion 
• Consensus guidelines 
• Topics for future resolution 

 
12:00 Lunch (BPXA cafeteria) 
 
1:15 Screening: Identify Potential Cumulative Effects  

• Opening explanation – Robin Senner 
• Discussion 
• Consensus guidelines 
• Topics for future resolution 

2:00 Break 
2:15 Evaluating: Rank by Significance (Intensity and Context) 

• Opening explanation – Robin Senner 
• Discussion 
• Consensus guidelines 
• Topics for future resolution 

3:30 Break 
3:45 Consolidate Preliminary Guidelines 
4:05 Where do we go from here? 
4:20 Concluding Comments – Bill Streever 
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Cumulative Effects Assessment Workshop 
Tuesday, November 6, 2001 

Participants 
 

Name Affiliation 

Robert Senner Workshop Leader 

Karen Wuestenfeld BP Exploration (Alaska) Inc. 

Tony Braden Joint Federal-State Pipeline Office 

Julie Murrell Joint Federal-State Pipeline Office 

Bill Morris Alaska Department of Fish and Game 

Kaye Laughlin Alaska Division of Govt. Coordination 

Paul Stang U.S. Minerals Management Service 

Fred King U.S. Minerals Management Service 

Bruce Webb Alaska Division of Oil & Gas 

Jeff Mach Alaska Dept. of Environ. Conservation 

Marilyn Crockett Alaska Oil and Gas Association 

Al Maki Exxon Mobil Inc. 

Caryn Rea Phillips Alaska Inc. 

Joy Earp U.S. Army Corps of Engineers 

John Ash University of Cambridge 

Curt Wilson U.S. Bureau of Land Management 

Ray Emerson U.S. Minerals Management Service 

Bill Streever BP Exploration (Alaska) Inc. 

Michelle Schuman U.S. Department of Agriculture 

Harry Bader Alaska Dept. of Natural Resources 
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DRAFT RECOMMENDATIONS FOR ASSESSING POTENTIAL 
CUMULATIVE EFFECTS OF PROPOSED ACTIONS AND 

ALTERNATIVES IN BPXA-SPONSORED ENVIRONMENTAL REPORTS 

June 10, 2002 
 

Robin Senner Bill Streever 
Environmental Policy Consultant Environmental Studies Leader 
LGL Alaska Research Associates, Inc.1 BP Exploration (Alaska) Inc. 
P.O. Box 84400 900 E. Benson Boulevard 
Fairbanks, Alaska 99708-4400 Anchorage, Alaska 99519-6612 
(907) 455-7170 (907) 564-4383 

 
These recommendations were developed to assist BP Exploration (Alaska) Inc. 
(BPXA) staff and consultants in preparing cumulative effects2 assessments (CEAs) 
for environmental reports (ERs) for BP’s own projects. They are based on (a) CEA 
guidelines for preparing and reviewing NEPA documents3 issued by the President’s 
Council on Environmental Quality (CEQ 1997) and by the U.S. Environmental 
Protection Agency (EPA 1999), (b) a review of past practices, (c) a workshop with 
agency and industry representatives held November 6, 2001, and (d) comments 
from reviewers in both the public and private sectors. 
 
The ERs prepared by industry to facilitate agency review of proposed 
developments are voluntary products and not required by the National 
Environmental Policy Act of 1969 (NEPA). For consistency with the state of the 
CEA practice, however, these recommendations follow the regulations 
implementing NEPA (40 CFR 1500-1508) and the CEQ and EPA guidelines. The 
recommendations have not been formally accepted by government agencies and 
are not intended to replace or refute suggestions by agencies involved with 
cumulative effects assessments.  
 
The recommendations are divided into six parts: 

                                                 
1 Present affiliation of Robin Senner is URS Corporation, P.O. Box 84400, Fairbanks, AK 99708-
4400. Dr. Jack Colonell, Jon Isaacs, Joyce Bowers, Sue Ban, and Dave Erikson of URS 
Corporation and Steven K. Davis of the National Marine Fisheries Service contributed 
substantially to the thinking that led to these guidelines. 
2 The word effect is used preferentially throughout this document. Although the CEQ regulations 
(40 CFR 1508.8) state that the terms effect and impact are used synonymously, the use of effect 
removes potentially misleading connotations. 
3 Words in italics when used for the first time are defined in the Glossary, Attachment B. 
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A) Scoping: Identify Issues, Resource Components, and Boundaries 
B) Organizing: Characterize the Affected Environment, Predicted Direct and 

Indirect Effects, and External Influences 
C) Screening: Identify Potential Cumulative Effects 
D) Evaluating: Determine Significance 
E) Mitigating and Monitoring: Final Two Steps Recommended by the CEQ 
F) Summary and Conclusions 

 
By following these recommendations, users will develop a series of tables (CEA 
matrices)4 and supporting text. The CEA matrices identify and categorize 
cumulative effects potentially related to the proposed action and alternative 
actions, including the no-action alternative. Each cell of a matrix is referenced to 
supporting text that explains the rationale for the entry in the cell.  

A.  SCOPING: IDENTIFY ISSUES, RESOURCE COMPONENTS, AND 
BOUNDARIES 

 
1. Scoping process: After a scoping plan is developed and approved by BPXA, 
the project will hold scoping meetings and interviews with stakeholders and 
concerned individuals (the general public; potentially affected local residents, 
businesspeople, and landowners; members of non-governmental organizations; 
agency representatives; and others). The development of a scoping plan insures 
there has been good communication between the projects staff and the staff 
performing the cumulative impact analysis. The early scoping meetings and 
agency coordination should cover not only information and opinions regarding 
potential direct and indirect (secondary) effects of the proposed action and its 
alternatives, but also issues and concerns that might be relevant to potential 
cumulative effects on the physical, biological, and socioeconomic environments. 
This process should identify relevant past, current, and emerging issues of 
concern, including potential future actions, and seek to incorporate traditional 
knowledge. Each alternative, including no action, should be addressed as fully as 
the proposed action, not only during scoping but also throughout the CEA. 
 
2. Research: Review other ERs, environmental assessments, environmental 
impact statements, environmental study reports, the peer-reviewed literature, 
agency file data where available, and other sources to identify and characterize 

                                                 
4 See, for example, the Environmental Report for the Point Thomson Gas Cycling Project 
(ExxonMobil 2001), which used a cumulative effects approach similar to the guidance presented 
here. 
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past, current, and reasonably foreseeable future actions other than the proposed 
action and its alternatives (i.e., external actions) that have affected or could affect 
the identified resource components. Do the same for natural events (seismic 
events, floods, severe winters, climate change, etc.).5 
 
3. Resource components: Using the information gained from the scoping process 
(step 1) and research (step 2), identify the resource components (e.g., air quality, 
water quality, fish and wildlife species,6 wetlands, income, employment, etc.) for 
the physical, biological, and socioeconomic environments. It is helpful to arrange 
the resource components in a table or tables to support the analysis and illustrate 
the text. 
 
4. Geographic scopes: Using the resource components identified in step 3, define 
the appropriate geographic scopes for the physical, biological, and socioeconomic 
environments.7 For CEAs, the geographic scopes will usually encompass (a) the 
location(s) of the alternatives, plus (b) the areas within which the physical, 
biological, or socioeconomic resource components might be affected directly or 
indirectly by any alternative, plus (c) the areas in which external human actions 
and natural events could interact with the direct and/or indirect effects of any 
alternative. Geographic scopes will usually be broader for cumulative effects than 
for direct and indirect effects, because external factors at greater distances from 
the project may be involved. Therefore, the broad geographic scopes established 
for the CEA may also incorporate and apply to the direct and indirect effects. 
 
5. Time scope: Establish a time scope for the cumulative effects analysis that 
covers the past, present, and reasonably foreseeable future. Following EPA 
guidance, the cumulative effects benchmark, here called the environmental 
                                                 
5 If the proposed action or alternatives are a continuation or new phase of an ongoing program, 
past and current actions in the same program should be included in this review, along with 
reasonably foreseeable future program components that are not directly part of the proposed action 
and its alternatives. 
6 To keep the analysis within manageable bounds, fish or wildlife species with similar life 
histories, geographic range, and population-limiting factors can be combined as a single resource 
component. For example, many waterfowl, shorebird, or small mammal species can be lumped in 
this way, provided species-specific characteristics that make a difference to the analysis are 
identified and discussed in the text. In other cases, a single species (e.g., polar bear, caribou, 
spectacled eider) may be justified as a separate resource component if it has special biological or 
management status (e.g., Threatened and Endangered species). 
7 The physical, biological, and socioeconomic environments may have different geographic 
scopes, depending on their respective resource components, or they may all share one 
comprehensive geographic scope. In either case, present the supporting rationale and then be 
consistent in usage throughout the ER.  
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reference point, should be a year in the past that represents the pristine, pre-
development environment or, if sufficient information on the pristine condition is 
lacking, a more recent year representing the environment in an ecologically 
sustainable condition (EPA 1999). Because the environmental reference point is 
set in the past, it is different from the baseline for direct and indirect effects, 
which is usually set in the present just before the planned start of the proposed 
action and alternatives. 
 
With respect to the reasonably foreseeable future, the expiration of the enabling 
permit or license may be a logical cutoff point, but keep in mind that some project 
effects may persist, and interact with the effects of external human actions and 
natural events, well beyond the planned project lifetime. As with geographic 
scope, the boundaries or cutoff points for the backward-looking and forward-
looking parts of the time scope can be adjusted as the analysis proceeds, and they 
may vary from one resource component to another.8

B.  ORGANIZING: CHARACTERIZE THE AFFECTED ENVIRONMENT, 
PREDICTED DIRECT AND INDIRECT EFFECTS, AND EXTERNAL 
INFLUENCES 

 
6. Affected Environment: Plan and prepare the Affected Environment chapter. 
The structure, method, and content of this chapter are essential components of the 
CEA. It is the place where past, present, and reasonably foreseeable future actions 
and events (from steps 1 and 2) are systematically organized and described in 
relation to the resource components and geographic and temporal scopes (from 
steps 3, 4, and 5). Begin by classifying and describing the resource components of 
the physical, biological, and socioeconomic environments in terms of their 
functional significance and occurrence within their respective geographic scopes. 
Then, starting in the past at the environmental reference point (from step 5), 
summarize how the resource components have historically been shaped and 
altered by human actions and natural events through the period from the 
environmental reference point up to the baseline (present). Be sure to note 
residual effects from the past that continue to influence the baseline conditions. 
These residual effects will be a crucial part of the CEA to be developed in the 
Environmental Consequences chapter of the ER. Next, summarize potential 
human actions (other than the proposed action and its alternatives) and natural 
                                                 
8 For example, the future cutoff point for a particular species could be based on evidence 
regarding the time required to recover from stress relating to a population-limiting factor. In such 
cases, the recovery times, and therefore the future cutoff points, will vary from one species to 
another (e.g., caribou versus northern lemming). 
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events  that could affect the resource components in the reasonably foreseeable 
future. Finally, prepare a concluding section that synthesizes the key points in the 
Affected Environment chapter and identifies apparent environmental trends as 
indicated by changes in the resource components.9 Wherever appropriate, use 
informative tables, maps, and diagrams to support and clarify the text. 
 
7. Direct and indirect effects: After the Direct and Indirect Effects sections of the 
Environmental Consequences chapter have been completed, review the predicted 
direct and indirect effects of the proposed action and its alternatives on the 
resource components. Note which potential effects are evaluated as significant 
and the criteria used to make that determination, including the definition of the 
significance threshold applied to each resource component. Note also whether the 
predicted direct and indirect effects are considered beneficial or adverse. (See text 
boxes, “Determining Significance” and “Beneficial or Adverse?”) 
 
8. Cumulative effects assessment (CEA) matrix: Working through one project 
alternative at a time, prepare a cumulative effects assessment matrix for each 
resource component (from step 3), listing each predicted direct and indirect effect 
of the alternative on that resource component in the left-hand column and whether 
the predicted effect has been evaluated as significant (S) or not significant (NS) 
(from step 7). A hypothetical example of a filled-out CEA matrix, with numbered 
step-by-step guidance, is provided at the end of these guidelines (Attachment A). 
 
9. External influences: For each CEA matrix, array the identified past, current, 
and reasonably foreseeable future external influences along the top as column 
headings. These are the human-controlled actions and natural events identified in 
step 2. Add three more columns on the right-hand side to characterize potential 
cumulative effects. Each matrix will help to organize and document the remainder 
of the analysis. 

C. SCREENING: IDENTIFY POTENTIAL CUMULATIVE EFFECTS 
 
10. In each CEA matrix, enter the appropriate information for every cell in 
summary form. Each cell should reference the corresponding section of the text 
that contains the rationale supporting the cell content. For example, to summarize 
                                                 
9 One of the principles set forth in the CEQ guidelines (CEQ 1997) states that “It is not practical to 
analyze the cumulative effects of an action on the universe; the list of environmental effects must 
focus on those that are truly meaningful.” Use professional judgment to provide a concise account 
of the key actions and events shaping the Affected Environment in the past, present, and 
reasonably foreseeable future.   
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the predicted direct effect on sheet flow caused by a gravel access road that would 
be constructed through wetlands: “Access road will block sheet flow, causing 
ponding on the upstream side and drier conditions on the downstream side (Sec. 
4.2.7).” For past, present, and reasonably foreseeable future external actions and 
natural events, summarize how each external influence might add to or interact 
with each listed direct or indirect effect of the alternative under consideration. 
Where no involvement by the external influence is foreseen, place N/A (for Not 
Applicable) in the cell. 
 
When the appropriate information has been entered, it will be evident whether 
there is the potential for a cumulative effect to be associated with each predicted 
direct or indirect effect of the alternative under consideration. Therefore, in the 
“Potential Cumulative Effect?” column, briefly characterize each identified 
cumulative effect. For example, to summarize the potential cumulative effect of 
other gravel roads adding to sheet flow blockage caused by the alternative under 
consideration: “Access roads to Pads A, B, C, D, and E will further block sheet 
flow through wetlands, creating multiple impoundments within a 100-hectare area 
surrounding the proposed project location” (cite the corresponding ER text 
section). If no potential for a cumulative effect is identified, enter No in the 
appropriate cell of the “Cumulative Effect?” column. Finally, make sure that the 
document text provides the necessary information and literature citations to 
support the conclusions stated in each cell of the matrix, so that text and matrix 
are consistent and securely linked. 

D. EVALUATING: DETERMINE SIGNIFICANCE 
 
11. At this point, all of the cells in the CEA matrix should be completed except 
for those in the far right-hand column. (Please see the hypothetical example in 
Attachment A.) This column asks whether each identified potential cumulative 
effect would be significant and, if so, whether the effect would be beneficial or 
adverse. Value judgments are involved in both determinations, as noted in the 
following text boxes. 
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Determining Significance 
 

The CEQ (1997) states that the significance of effects should be determined on the basis of 
context and intensity. These terms are interpreted in various ways in the literature (see, for 
example, McMillen 1993). For the purposes of these guidelines, context refers to the 
background conditions and specific circumstances under which the cumulative effect could 
occur. For example, the significance of predicted wildfire occurrence near human 
communities might be evaluated as greater than for wildfires in remote locations, and the 
significance of a predicted small population decline in an endangered species might be 
evaluated as more significant than a comparable population decline in an abundant 
species. Intensity here refers to the severity of the effect and can be based on factors such 
as magnitude, frequency of occurrence, duration (i.e., long-term vs. short-term), and 
geographic extent (i.e., site-specific vs. regional). Clearly, value judgments will have to be 
applied to determine significance, and the supporting rationale for each value judgment 
must be documented in the analysis. 

Beneficial or Adverse? 
The terms “beneficial” and “adverse” are largely subjective and involve value judgments. In 
the cumulative effects assessment, therefore, it is important to state the supporting 
assumptions and rationale for a determination that a potential effect would be either 
beneficial or adverse. In many cases, there is a social consensus, supported by the law, 
regarding what is meant by adverse: harmful to the environment, as with air or water 
contamination, the elimination of habitats that support fish and wildlife populations, or social 
changes that result in deteriorating health, nutrition, education, or income. Such cases may 
involve regulatory standards such as ambient air quality standards, water contaminant 
standards, etc. that provide objective, measurable thresholds above which a potential effect 
could be defined as both significant and adverse. Other environmental changes, however–
especially in the biological and land use disciplines–may be viewed as either beneficial or 
adverse, depending on the point of view. The first step in making a determination is to 
ascertain whether the potential effect would violate or comply with statutes and resource 
management goals. But in all cases, including those not addressed by laws and 
regulations, the supporting assumptions and rationale for determining that an effect would 
be beneficial or adverse must be documented in the analysis. 
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E. MITIGATING, MONITORING AND ADAPTIVE MANAGEMENT 
 
The final two steps in cumulative effects analysis recommended by the CEQ 
(1997) are important follow-through actions. CEQ step 10 calls for the 
modification or addition of alternatives to mitigate significant cumulative effects, 
while CEQ step 11 calls for monitoring and adaptive management of cumulative 
effects for the selected action. Whereas CEQ steps 10 and 11 are necessary for 
NEPA compliance, they are beyond the scope of the recommendations presented 
here, which pertain only to document preparation for an ER.  

F. SUMMARY AND CONCLUSION 
 
These recommendations should result in a series of draft tables and accompanying 
text summarizing potential cumulative effects. Stakeholders should be given the 
opportunity to review the draft document, preferably at an open forum, early 
enough for responses to their comments to be incorporated into the final version. 
Unrealistic expectations of the final version of the tables and text, however, 
should be discouraged. The intent of a CEA is to provide information that can be 
used in the decision-making process, but it should be recognized that cumulative 
effects assessment, by its nature, is an uncertain and still largely estimative 
process that typically yields qualitative (not quantitative) results.10 An exemplary 
CEA should be clear and concise, with rationales for decisions documented 
throughout the analysis in a manner accessible to all stakeholders. 
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Groundfish Fisheries Final Programmatic Supplemental EIS  
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Table 4.8-37. Cumulative effects analysis for catcher vessels:  FMP 4.1.

Direct/
Indirect
Effects

FMP Rating
Persistent Past

Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other Fisheries Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term
Climate Changes
and Regime Shift 

Groundfish
Landings by
Species
Group

S- Yes, increased
global demand for
seafood especially
whitefish.
Development of
surimi in 1985
increased demand.
(see Section 3.9) 

Potential adverse
contribution - reliance on a
mix of fisheries such as
salmon, crab, and halibut
may have an effect on
groundfish landings by
species group. The salmon
fishery, in particular, has
been declining in recent
years. Bycatch of
groundfish species in other
fisheries may impact
groundfish landings by
species group

Not a contributing
factor -effects of
other economic
activities do not
affect the number
of groundfish
landed

Not a contributing
factor -effects of
other sources of
municipal and state
revenue do not
affect the number of
groundfish landed

Potential
beneficial/advers
e contribution -
warm trends favor
fish recruitment
whereas cool
trends weaken fish
recruitment

S-
the limitation on the
number of vessels
permitted to fish will
result in adverse
cumulative effects on
groundfish landings.
Current reductions in
other fisheries
contribute to this
effect.



Table 4.8-37 (cont.). Cumulative effects analysis for catcher vessels:  FMP 4.1.

Direct/
Indirect
Effects

FMP Rating
Persistent Past

Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other Fisheries Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term
Climate Changes
and Regime Shift 
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Groundfish
Ex-Vessel
Value

S- Yes, collapse of
Atlantic cod
increased demand
thereby increasing
value (see Section
3.9) 

Not a contributing factor -
though marginal increases
are expected these
changes in value would not
be significant.

Not a contributing
factor - not
expected to affect
ex-vessel value

Potential adverse
contribution - 
recent reductions in
municipal revenue
sharing, power cost
equalization, and
education funds
have elevated the
importance of
fisheries revenue in
rural Alaska
communities. This
may increase the
likelihood of
increases in fish
taxes which may
affect ex-vessel
value.

Not a contributing
factor - changes
in climate are note
expected to affect
ex-vessel value
directly

S-
ex-vessel value is 
expected be reduced
due to the limited
number of vessels
permitted to fish
under this FMP.
Potential increases
in fish taxes in
communities may
contribute to this
effect.



Table 4.8-37 (cont.). Cumulative effects analysis for catcher vessels:  FMP 4.1.

Direct/
Indirect
Effects

FMP Rating
Persistent Past

Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other Fisheries Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term
Climate Changes
and Regime Shift 
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Employment S- Yes, increased
global demand for
seafood especially
whitefish.
Development of
surimi in 1985
increased demand.
(see Section 3.9) 

Potential
beneficial/adverse
contribution - opportunities
may increase or decrease
in other fisheries
depending on management
and market conditions. 
Current reductions in
salmon and crab have put
additional pressure on
other fisheries.

Potential
beneficial/advers
e contribution -
reduction in
employment
opportunities in
other economic
pursuits may result
in higher
competition for
groundfish
employment.
Increased
opportunities
elsewhere may
reduce
competition for
groundfish
employment.

Potential
beneficial/adverse
contribution - an
increase or
decrease in other
sources of revenue
may result in
greater or lesser
competition for
groundfish
employment.

Not a contributing
factor - not
expected to affect
employment

S-
 the great reduction
in the number of
vessels permitted to
fish will result in
significant adverse
cumulative effects on
employment
opportunities.
Reductions in
salmon and crab
contribute to this
effect.



Table 4.8-37 (cont.). Cumulative effects analysis for catcher vessels:  FMP 4.1.

Direct/
Indirect
Effects

FMP Rating
Persistent Past

Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other Fisheries Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term
Climate Changes
and Regime Shift 
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Payments to
Labor

S- Yes, collapse of
Atlantic cod
increased demand
thereby increasing
value (see Section
3.9) 

Potential
beneficial/adverse
contribution - payments
received in other fisheries
may set precedence for
groundfish payments.
Recent reductions in other
fisheries such as salmon
and crab may also
influence payments.

Not a contributing
factor - not
expected to affect
payments to labor

Potential adverse
contribution - 
recent reductions in
municipal revenue
sharing, power cost
equalization, and
education funds
have elevated the
importance of
fisheries revenue in
rural Alaska
communities. This
may increase the
likelihood of
increases in fish
taxes which may
indirectly reduce
payments to labor.

Not a contributing
factor - not
expected to affect
payments to labor

S-
 such a great
reduction in the
number of vessel
fishing is expected to
result in cumulative
adverse effects on
payments to labor.



Table 4.8-37 (cont.). Cumulative effects analysis for catcher vessels:  FMP 4.1.

Direct/
Indirect
Effects

FMP Rating
Persistent Past

Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other Fisheries Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term
Climate Changes
and Regime Shift 
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Excess
Capacity

S- Yes, history of
excess capacity
(refer to Section 3.9)

Potential
beneficial/adverse
contribution - an increase
or decrease in the number
of vessels in other fisheries
may result in subsequent
increases or decreases in
the number of vessels
participating in the
groundfish fishery, 
particularly pot CVs and
FGCVs in state waters.

Potential
beneficial/advers
e contribution - 
the extent to which
other economic
development
activities available
for the workforce,
people may
attempt to enter or
exit the fishery,
there by affecting
capacity.

Potential
beneficial/adverse
contribution - 
the extent to which
other sources of
revenue are
available for the
workforce, people
may attempt to
enter or exit the
fishery, there by
affecting capacity.

Not a contributing
factor - not
expected to affect
excess capacity

S-
due to the great
reduction in fishing
effort, fishing
capacity will be
reduced so severely
that fishing would not
be profitable.



Table 4.8-37 (cont.). Cumulative effects analysis for catcher vessels:  FMP 4.1.

Direct/
Indirect
Effects

FMP Rating
Persistent Past

Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other Fisheries Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term
Climate Changes
and Regime Shift 
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Average
Costs

S- Yes, historical race
for fish increased
costs (see Section
3.9)

Potential
beneficial/adverse
contribution- associated or
shared costs with
participation in other
fisheries may affect
average costs in the
groundfish fishery
depending on the fixed and
variable costs in those
fisheries.

Not a contributing
factor - the effects
of other economic
development
opportunities on
average costs are
minimal

Potential adverse
contribution - 
recent reductions in
municipal revenue
sharing, power cost
equalization, and
education funds
have elevated the
importance of
fisheries revenue in
rural Alaska
communities. This
may increase the
likelihood of
increases in fish
taxes which may
increase average
costs.

Not a contributing
factor - the effects
of climate change
on average costs
are minimal

S-
the increased
number of closed
areas is expected to
cause vessels to
travel greater
distances thereby
increasing their
average costs

Fishing
Vessel Safety

S- Yes, historical race
for fish (see Section
3.9) 

Not a contributing factor -
the effects of other fisheries
on fishing vessel safety are
minimal

Not a contributing
factor - the effects
of other economic
development
opportunities on
fishing vessel
safety are minimal

Not a contributing
factor - the effects
of other revenue
sources on fishing
vessel safety are
minimal

Not a contributing
factor - the effects
of climate change
on fishing vessel
safety are minimal

S-
the large number of
closure areas is
expected to cause
vessels to fish farther
from shore thereby
increasing safety
risks. Fishing
remains a concern in
all fisheries.



Table 4.8-37 (cont.). Cumulative effects analysis for catcher vessels:  FMP 4.1.
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Notes: CV - catcher vessels
FGCV - fixed gear catcher vessel
FMP - fishery management plan
S- - significantly adverse
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Table 4.6-57. Cumulative effects analysis for environmental justice: FMPs 2.1 and 2.2.

Direct/Indirect
Effects of

FMPs

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Effects

Cumulative Effect

Human Controlled
Natural
Events

Other
Fisheries

Other
Economic

Development
Activities

Other
Sources of
Municipal/

State
revenues

Long-term
Climate

Change and
Regime Shift

Environmental
Justice

I Yes - Fisheries
Resource
Landing tax
increased
revenues to
communities,
MSA
amendments
and CDQ
program
established,
commercial
fishing source
of employment
and income in
Native Alaskan
communities. 

Potential
adverse or
beneficial
contribution-
changes in
other fisheries
could impact
environmental
justice issues
in Native
communities

Potential
adverse
contribution-
infrastructure
development
trends, effects
of other
economic
activities

Potential
adverse
contribution-
decrease in
other state
and municipal
revenue
sources

Potential
adverse or
beneficial
contribution-
fluctuations in
fish stocks
affect
availability for
Alaska Native
subsistence
use 

FMP 2.1 Insignificant -
-Direct/indirect impacts ranges from beneficial to adverse, but
are cumulatively insignificant except for salmon subsistence
in Western Alaska, which are conditionally significant
adverse; increased benefits for non-CDQ  communities
participating in groundfish fisheries, and municipal revenue in
Native communities, but cumulative effects are insignificant.
- External effects include beneficial effects from increased
joint production opportunities for subsistence, but are
cumulatively insignificant; elimination of the multi species
CDQ program could create some level of adverse cumulative
effects, but not enough to be significant; effects from bycatch
of salmon could be expected to increase due to the repeal of
prohibited species catch restrictions. This could create
conditionally significant adverse cumulative effects to
subsistence fishery areas. 
-Cumulative effects are insignificant
FMP 2.2 Insignificant -
-Direct/indirect impacts ranges from beneficial to adverse, but
are cumulatively insignificant; increased benefits for non-
CDQ  communities participating in groundfish fisheries, and
municipal revenue in Native communities, but cumulative
effects are insignificant.
- External effects include beneficial effects from increased
joint production opportunities for subsistence, but are
cumulatively insignificant; elimination of the multi species
CDQ program could create some level of adverse cumulative
effects, but not enough to be significant; effects from bycatch
of salmon could have adverse cumulative effects but not
enough to be significant; significant adverse cumulative
effects to Steller sea lion subsistence activities could result
but not enough to be significant.
-Cumulative effects are insignificant

Notes: FMP - fishery management plan
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Table 4.6-53. Cumulative effects analysis for Bering Sea and Aleutian Island and Gulf of Alaska regions and communities: FMP 2.1.

Direct/Indirect
Effects of

FMP(s)

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Effects

Cumulative Effect?

Human Controlled Events

Other Fisheries
Other Economic

Development
Activities

Other Sources
of Municipal/

State Revenue

Long-term
Climate Change

and Regime
Shift

In-Region
Processing/
municipal
revenue

I/S+ Yes - inshore/
offshore
processor
allocations,
AFA, municipal
reliance on
revenue from
fish tax

Potential
Adverse/
Beneficial
Contribution-
Trends in
salmon, crab
and halibut
fisheries affect
multi-species
plant operations

Not a
contributing
factor -effects of
other economic
activities do not
affect processing

Potential
Adverse
Contribution-
decrease in
other state and
municipal
revenue
sources

Potential
Adverse/
Beneficial
Contribution- 
fluctuations in
fish stocks drive
TACs, fishery
closures, and
decisions
regarding when
and where to
participate in
fisheries

Insignificant -   Trends in multi-
species fisheries and other
sources of municipal and state
revenue result in adverse effects
on in-region processing and
municipal revenue. These adverse
external effects are offset by
significant increases in Alaska in-
region processing, resulting in a
finding of insignificant cumulative
effect.  For the Washington Inland
Waters and Oregon Coast regions,
direct/indirect effects are
insignificant, and there are no
reasonably foreseeable events that
would have a significant
contribution



Table 4.6-53 (cont.). Cumulative effects analysis for Bering Sea and Aleutian Island and Gulf of Alaska regions and communities: FMP 2.1.

Direct/Indirect
Effects of

FMP(s)

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Effects

Cumulative Effect?

Human Controlled Events

Other Fisheries
Other Economic

Development
Activities

Other Sources
of Municipal/

State Revenue

Long-term
Climate Change

and Regime
Shift
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Regionally
Owned At-sea
Processors

I/S+/S- Yes - inshore/
offshore
processor
allocations,
AFA

Potential
Adverse/
Beneficial
Contribution-
Trends in
salmon, crab
and halibut
fisheries affect
multi-species
plant operations

Not a
contributing
factor -effects of
other economic
activities do not
affect processing

Potential
Adverse
Contribution-
decrease in
other revenue
sources

Potential
Adverse/
Beneficial
Contribution- 
fluctuations in
fish stocks drive
TACs, fishery
closures, and
decisions
regarding when
and where to
participate in
fisheries

Insignificant -   Direct/indirect
effects are beneficial for
Southcentral Alaska and
Washington Inland Waters 
regions, external effects will not
contribute much to cumulative
effects, particularly given the size
and diversity of the regional
economies. Direct/indirect effects
are insignificant in Kodiak Island;
with a more diversified economy
and population base, external
effects associated with other
fisheries and sources of revenue
will be adverse, but cumulatively
insignificant.

Extra-Regional
Deliveries of
Regionally
Owned
Catcher
Vessels

I/S+ Yes - inshore/
offshore
processor
allocations,
AFA

Potential
Adverse/
Beneficial
Contribution-
Trends in
salmon, crab
and halibut
fisheries affect
multi-species
plant operations

Not a
contributing
factor -effects of
other economic
activities do not
affect processing

Not a
contributing
factor -other
revenue
sources have
no effect

Potential
Adverse/
Beneficial
Contribution- 
fluctuations in
fish stocks drive
TACs, fishery
closures, and
decisions
regarding when
and where to
participate in
fisheries

Insignificant - significant direct/
indirect beneficial effects for all
regions contribute to regional
economies.  However, given the
size and diversity of some regional
economies, and the adverse
nature of external effects related to
other fisheries and revenue
sharing in the Alaska regions that
offset benefits, cumulative effects
are insignificant for all regions. 



Table 4.6-53 (cont.). Cumulative effects analysis for Bering Sea and Aleutian Island and Gulf of Alaska regions and communities: FMP 2.1.

Direct/Indirect
Effects of

FMP(s)

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Effects

Cumulative Effect?

Human Controlled Events

Other Fisheries
Other Economic

Development
Activities

Other Sources
of Municipal/

State Revenue

Long-term
Climate Change

and Regime
Shift
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In-Region
Deliveries of
Regionally
Owned
Catcher
Vessels

I/S+ Yes - inshore/
offshore
processor
allocations,
AFA

Potential
Adverse/
Beneficial
Contribution-
Trends in
salmon, crab
and halibut
fisheries affect
multi-species
plant operations

Not a
contributing
factor -effects of
other economic
activities do not
affect processing

Not a
contributing
factor -other
revenue
sources have
no effect

Potential
Adverse/
Beneficial
Contribution- 
fluctuations in
fish stocks drive
TACs, fishery
closures, and
decisions
regarding when
and where to
participate in
fisheries

Insignificant - direct/indirect effects
range from beneficial to
insignificant. However, given the
size and diversity of some regional
economies, and the adverse
nature of external effects related to
other fisheries and revenue
sharing in the Alaska regions that
offset benefits, cumulative effects
are insignificant for all regions . 

Total Direct,
Indirect, and
Induced Labor
Income and
FTEs

I/S+ Yes - inshore/
offshore
processor
allocations,
AFA

Potential
Adverse/
Beneficial
Contribution-
Trends in
salmon, crab
and halibut
fisheries affect
multi-species
plant operations

Potential
Adverse/
Beneficial
Contribution-
Trends in other
economic
development
activities,
particularly state
and municipal
capital projects

Potential
Adverse
Contribution -
decrease in
other state and
municipal
revenue
sources

Potential
Adverse/
Beneficial
Contribution- 
fluctuations in
fish stocks drive
TACs, fishery
closures, and
decisions
regarding when
and where to
participate in
fisheries

Insignificant - direct/indirect effects
are significantly beneficial for all
regions.  Within Washington and
Oregon, fisheries are a small part
of the regional economies and
effects are dwarfed by other trends.
Trends in other fisheries and
reductions on municipal revenue
decrease labor income and
employment and offset these
benefits  in the Alaska
Peninsula/Aleutian Islands, Kodiak
Island, and Southeast Alaska
regions. Cumulative effects are
beneficial but insignificant in all
regions. 
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Notes: AFA - American Fisheries Act
FMP - fishery management plan
FTE - full-time equivalent
TAC - total allowable catch
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Table 4.6-46. Cumulative effects analysis for catcher vessels: FMP 2.1.

Direct/
Indirect

Effects of
FMPs

FMP
Rating

Persistent Past
Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other
Fisheries

Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term Climate Changes
and Regime Shift 

Groundfish
Landings by
Species
Group

S+ Yes, increased
global demand
for seafood
especially
whitefish.
Development of
surimi in 1985
increased
demand (see
section 3.9)

Potential
adverse
contribution -
reliance on a
mix of
fisheries such
as salmon,
crab, and
halibut may
have an effect
on groundfish
landings by
species group.
The salmon
fishery, in
particular, has
been declining
in recent
years.
Bycatch of
groundfish
species in
other fisheries
may impact
groundfish
landings by
species group

Not a contributing
factor -effects of
other economic
activities do not
affect the number of
groundfish landed

Not a contributing
factor -effects of
other sources of
municipal and
state revenue do
not affect the
number of
groundfish landed

Potential beneficial/ adverse
contribution - warm trends
favor fish recruitment
whereas cool trends weaken
fish recruitment

S+
 the increase in fishing
effort will increase
groundfish landings by
species group with the
exception of flatfish
which is rated as
insignificant. These
increases are expected
to offset the reductions
in other fisheries,
particularly salmon.



Table 4.6-46 (cont.). Cumulative effects analysis for catcher vessels: FMP 2.1.

Direct/
Indirect

Effects of
FMPs

FMP
Rating

Persistent Past
Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other
Fisheries

Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term Climate Changes
and Regime Shift 

APPENDIX A - DRAFT PROGRAMMATIC SEIS SEPTEMBER 2003

361

Groundfish
Ex-Vessel
Value

.

S+ Yes, collapse of
Atlantic cod
increased
demand thereby
increasing value
(see section 3.9)

Not a
contributing
factor - though
marginal
increases are
expected
these changes
in value would
not be
significant

Not a contributing
factor - not
expected to affect
ex-vessel value

Potential adverse
contribution - 
recent reductions
in municipal
revenue sharing,
power cost
equalization, and
education funds
have elevated the
importance of
fisheries revenue
in rural Alaska
communities. This
may increase the
likelihood of
increases in fish
taxes which may
affect ex-vessel
value.

Not a contributing factor -
changes in climate are not
expected to affect ex-vessel
value directly

S+
 the increase in fishing
effort will result in an
increase in ex-vessel
value except for flatfish
which is rated as
insignificant. These
increases are expected
to offset the reductions
in other fisheries,
particularly salmon.



Table 4.6-46 (cont.). Cumulative effects analysis for catcher vessels: FMP 2.1.

Direct/
Indirect

Effects of
FMPs

FMP
Rating

Persistent Past
Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other
Fisheries

Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term Climate Changes
and Regime Shift 
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Employment S+ Yes, increased
global demand
for seafood
especially
whitefish.
Development of
surimi in 1985
increased
demand (see
section 3.9)

Potential
beneficial/
adverse
contribution -
opportunities
may increase
or decrease in
other fisheries
depending on
management.
Reduced
opportunities
in other
fisheries may
result in a
more
competitive
groundfish
workforce. An
increase in
opportunities
in other
fisheries may
open positions
in the
groundfish
fishery

Potential beneficial/
adverse
contribution -
reduction in
employment
opportunities in
other economic
pursuits may result
in higher
competition for
groundfish
employment.
Increased
opportunities
elsewhere may
reduce competition
for groundfish
fishery employment

Potential
beneficial/ adverse
contribution - an
increase or
decrease in other
sources of
revenue may
increase or
decrease the
employment
pressure on the
groundfish fishery  

Not a contributing factor -
climate change is not
expected to affect
opportunities in employment 

S+
 the increase in the
amount of groundfish
fishing will increase
opportunities for
employment and may
mitigate some of the
reductions in other
fisheries.



Table 4.6-46 (cont.). Cumulative effects analysis for catcher vessels: FMP 2.1.

Direct/
Indirect

Effects of
FMPs

FMP
Rating

Persistent Past
Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other
Fisheries

Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term Climate Changes
and Regime Shift 
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Payments to
Labor

S+ Yes, collapse of
Atlantic cod
increased
demand thereby
increasing value
(see section 3.9)

Potential
beneficial/adve
rse
contribution -
payments
received in
other fisheries
may influence
groundfish
payments

Not a contributing
factor - not
expected to affect
payment to labor

Potential adverse
contribution - 
recent reductions
in municipal
revenue sharing,
power cost
equalization, and
education funds
have elevated the
importance of
fisheries revenue
in rural Alaska
communities. This
may increase the
likelihood of
increases in fish
taxes which may
indirectly reduce
payments to labor.

Not a contributing factor - not
expected to affect payments
to labor

S+
the increase in the
amount of groundfish
fishing will increase
payments to labor and
may mitigate some of
the reductions in other
fisheries.



Table 4.6-46 (cont.). Cumulative effects analysis for catcher vessels: FMP 2.1.

Direct/
Indirect

Effects of
FMPs

FMP
Rating

Persistent Past
Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other
Fisheries

Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term Climate Changes
and Regime Shift 
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Excess
Capacity

S- Yes, history of
excess capacity
(see section 3.9)

Potential
beneficial/
adverse
contribution -
an increase or
decrease in
the number of
vessels
permitted in
other fisheries
may result in
subsequent
increases or
decreases in
the number of
vessels
participating in
the groundfish
fishery,
particularly pot
CVs and
FGCVs in state
waters.

Potential
beneficial/adverse
contribution - 
the extent to which
other economic
development
activities available
for the workforce,
people may attempt
to enter or exit the
fishery, there by
affecting capacity.

Potential
beneficial/adverse
contribution - 
the extent to which
other sources of
revenue are
available for the
workforce, people
may attempt to
enter or exit the
fishery, there by
affecting capacity.

Not a contributing factor - not
expected to affect excess
capacity

S-
under FMP 2.1 the
increase in fishing
results in a significant
increase in excess
capacity.



Table 4.6-46 (cont.). Cumulative effects analysis for catcher vessels: FMP 2.1.

Direct/
Indirect

Effects of
FMPs

FMP
Rating

Persistent Past
Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other
Fisheries

Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term Climate Changes
and Regime Shift 
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Average
Costs

S- Yes, historical
race for fish
increased costs
(see section 3.9)

Potential
beneficial/adve
rse
contribution-
associated or
shared costs
with
participation in
other fisheries
may affect
average costs
in the
groundfish
fishery
depending on
the fixed and
variable costs
in those
fisheries

Not a contributing
factor - the effects
of other economic
development
opportunities on
average costs are
negligible

Potential adverse
contribution - 
recent reductions
in municipal
revenue sharing,
power cost
equalization, and
education funds
have elevated the
importance of
fisheries revenue
in rural Alaska
communities. This
may increase the
likelihood of
increases in fish
taxes which may
increase average
costs.

Not a contributing factor -
although climate can affect
fish populations, it is not
expected to affect average
costs

S-
under FMP 2.1 the
increase in fishing will
result in increased
average costs due to
the significant increase
in associated capital
expenditures and
potential for
communities to raise
fish taxes.



Table 4.6-46 (cont.). Cumulative effects analysis for catcher vessels: FMP 2.1.

Direct/
Indirect

Effects of
FMPs

FMP
Rating

Persistent Past
Effects?

Reasonably Foreseeable Future External Effects

Cumulative Effect?Human Controlled Natural Events

Other
Fisheries

Other Economic
Development

Activities

Other Sources of
Municipal and
State Revenue

Long-term Climate Changes
and Regime Shift 
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Fishing
Vessel Safety

S-/S+ Yes, historical
race for fish
(see section 3.9)

Potential
adverse
contribution -
closures in
other fisheries
may increase
transit times
for vessels
harvesting fish
thereby
increasing
safety risks.

Not a contributing
factor - not
expected to affect
safety 

Not a contributing
factor - not
expected to affect
safety 

Not a contributing factor - not
expected to affect safety 

S+/S-
 an increase in fishing
could result in a race for
fish thereby negatively
affecting safety;
however, a reduction in
area closures could
allow vessels to fish
closer to shore thereby
increasing safety.
Safety remains a
serious concern for all
fisheries.

Notes: CV - catcher vessel
FGCV - fixed gear catcher vessel
FMP - fishery management plan
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Table 4.6-36. Cumulative effects analysis for the western stock of Steller sea lions: FMP 2.2.

Direct/Indirect
Effects of FMP

FMP
Rating

Persistent Past
Effects

Reasonably Foreseeable Future External Effects

Cumulative Effect

Human Controlled Events Natural Events

Other U.S.,
State, and

Foreign
Fisheries

Subsistence
harvest and

Other
Intentional

Take

Marine
Pollution and

Vessel
Hazards 

Conservation
Efforts

Climate Change
and Regime

Shift

Mortality
(incidental take
and
entanglement)

I Incidental take in
JV and foreign
fisheries and
federal fisheries.

State-Managed
drift and set gillnet
fisheries.

Commercial
harvest of pup.

Subsistence
harvest.

Intentional 
shootings.

Steep population
declines from
1970s to 1990,
less steep decline
in the 1990s.

Potential
adverse
contribution
Incidental
take in State
managed
drift gill net
fisheries.

Potential
adverse
contribution
Subsistence
harvest
throughout
range of the
western stock.

Intentional
shootings

Potential
adverse
contribution
Loss of fishing
gear and
other material
from all fishing
and shipping
vessels plus
shoreside
sources.

Acute and/or
chronic
pollution
events,
especially
involving oil
spills.

Potential
beneficial
contribution
Endangered
Species Act -
listed as
endangered. 

Marine
Mammal
Protection Act
(1972).

Marine Plastic
Pollution
Research and
Control Act 
(1987).

Not a
contributing
factor  Direct
mortality would
not be a primary
effect of climate
change/regime
shift..

Significant adverse.
Mortality is
considered a
cumulative effect.
Since the combined
take for subsistence,
other fisheries and in
the groundfish
fisheries is at or near
the PBR, the
continuing
endangered status,
long-term decline in
abundance, 
cumulative effect is
likely having
population-level
effects. Contribution of
the groundfish
fisheries is small.



Table 4.6-36 (cont.). Cumulative effects analysis for the western stock of Steller sea lions:  FMP 2.2.

Direct/Indirect
Effects of FMP

FMP
Rating

Persistent Past
Effects

Reasonably Foreseeable Future External Effects

Cumulative Effect

Human Controlled Events Natural Events

Other U.S.,
State, and

Foreign
Fisheries

Subsistence
harvest and

Other
Intentional

Take

Marine
Pollution and

Vessel
Hazards 

Conservation
Efforts

Climate Change
and Regime

Shift
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Prey
Availability

S- Past commercial
groundfish
fisheries harvest of
prey  by JV
fisheries, foreign
and federal 
fisheries.

Past harvest by
State-managed
salmon and
herring fisheries.

Potential
adverse
contribution
Overlap in
prey species
and fish
targeted in
State
managed
salmon and
herring
fisheries.

Not a
contributing
factor

Not a
contributing
factor

 Not a
contributing
factor

Potential
adverse or
beneficial
contribution
Climate and
oceanic
fluctuations
impact
abundance and
distribution of
prey.

 Significant Adverse
Effects prey
availability is found to
be cumulative from
internal effects of the
groundfish fisheries
and external effects.
Based on increase in
harvest of SSL prey
species.

Spatial/
temporal
concentration
of fisheries

I Harvest of prey
species by foreign
and domestic
groundfish
fisheries and
State-managed
salmon and
herring fisheries.

Potential
adverse
contribution
Harvest of
prey species
by State-
managed
salmon and
herring
fisheries.

Not a
contributing
factor

Not a
contributing
factor

Not a
contributing
factor

Not a
contributing
factor

Conditionally
Significant Adverse
Spatial and temporal
effects of the fisheries
identified for other
fisheries.  Cumulative
effects are conditional
on harvest of prey
being factor in recent
decline.



Table 4.6-36 (cont.). Cumulative effects analysis for the western stock of Steller sea lions:  FMP 2.2.

Direct/Indirect
Effects of FMP

FMP
Rating

Persistent Past
Effects

Reasonably Foreseeable Future External Effects

Cumulative Effect

Human Controlled Events Natural Events

Other U.S.,
State, and

Foreign
Fisheries

Subsistence
harvest and

Other
Intentional

Take

Marine
Pollution and

Vessel
Hazards 

Conservation
Efforts

Climate Change
and Regime

Shift
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Disturbance I Disturbance from
past commercial
groundfish
fisheries harvest 
by JV fisheries,
foreign and federal
domestic fisheries.

Subsistence
harvest.

Vessel traffic near
rookeries and
haulouts.

Potential
adverse
contribution 
Disturbance
from fishing
vessels in
State
fisheries and
general
vessel traffic.

Potential
adverse
contribution
Disturbance
from
subsistence
harvest.

Not a
contributing
factor

Not a
contributing
factor

Not a
contributing
factor

Insignificant 
Since disturbance is
identified for other
fisheries, effect of
disturbance are
considered
cumulative but
insignificant at the
population level. 

Notes: FMP - fishery management plan
I - insignificant
JV - joint venture
PBR - potential biological removal
S- significant adverse
SSL - Steller sea lion
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Table 4.6-30. Cumulative effects analysis for short-tailed albatross: FMP 2.1.

Direct/Indirect
Effects of FMP

FMP
Rating

Persistent Past
Effects

(refer to 
Section 3.7.4)

Reasonably Foreseeable Future External Effects Cumulative Effect?

Human Controlled Events Natural Events

Other  U.S., State,
and Foreign

Fisheries

Marine Pollution
and Vessel
Hazards

Conservation
Efforts

Geologic 
Disruption of

Nest Sites

Climate Change
and Regime

Shift

Mortality - 
Incidental
Take

CS- Population
recovering from near
extinction, most
nesting on one
Japanese volcanic
island

Commercial  hunts

Geologic instability
of nest sites

Probable incidental
take in Japan,
foreign, and U.S.
fisheries

Conservation efforts
in Japan and U.S.
fisheries

Potential adverse
contribution
Incidental take on
longlines, trawl/net
gear, and vessel
strikes  

Potential
adverse
contributions
Acute and/or
chronic pollution
events,
especially
involving  oil
and plastic

Potential
beneficial
contributions
National and
International
Seabird
Bycatch
Reduction
Plans

Japanese
efforts to repair
and protect
nest sites

Reintroduction
to previous
nesting islands

Potential
adverse
contribution
Great majority of
nesting occurs
on Torishima
Island, which is
an active
volcano

Not a
contributing
factor

CS- Species
appears to be
increasing at near
maximum  rate but
situation could
change substantially
if natural or human
mortality rates
increase by small
amounts or if
catastrophe occurs
on Torishima Island 

Change in
Food
Availability

I Squid and forage
fish fisheries

Potential adverse
contribution
Squid and forage
fish fisheries

Potential
adverse
contribution
Acute and/or
chronic pollution
events could
alter prey
abundance and
distribution

Potential
beneficial
contribution
General efforts
to reduce
marine
pollution

Not a
contributing
factor

Potential
beneficial/
adverse
contribution on
squid and
forage fish
abundance and
distribution

I - Since habitat once
supported millions of
this species and
population decline
not due to habitat
change, food
supplies should not
limit population
growth



Table 4.6-30 (cont.). Cumulative effects analysis for short-tailed albatross: FMP 2.1.

Direct/Indirect
Effects of FMP

FMP
Rating

Persistent Past
Effects

(refer to 
Section 3.7.4)

Reasonably Foreseeable Future External Effects Cumulative Effect?

Human Controlled Events Natural Events

Other  U.S., State,
and Foreign

Fisheries

Marine Pollution
and Vessel
Hazards

Conservation
Efforts

Geologic 
Disruption of

Nest Sites

Climate Change
and Regime

Shift
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Benthic
Habitat

I None Not a contributing
factor

Not a
contributing
factor

Not a
contributing
factor

Not a
contributing
factor

Not a
contributing
factor

None

Notes: CS- - conditionally significant adverse
FMP - fishery management plan
I - insignificant
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Table 4.6-29. Cumulative effects analysis for the Bering Sea and Aleutian Islands and the Gulf of Alaska habitat: FMP 2.1.

Bering Sea Habitat

Direct/
Indirect
Effects of
FMP

FMP
Rating

Persistent Past
Effects

Reasonably Foreseeable Future External Events

Cumulative Effect?
Human Controlled Events Natural Events

Offal Discharge
Port Expansion

and Use
Marine Pollution

Storm surges and
Wind-induced

waves

Climate Changes
and Regime Shifts

Changes to
Living
Habitat

Direct
Mortality of
Benthic
Organisms

S- Yes, long-term,
persistent
adverse effects
are expected in
heavily fished
areas. 
However,
closed areas
may be
recovering.  

Potential Adverse
Contribution From
offshore catcher/
processors and/or
onshore
processors.  

Potential
Adverse
Contribution
Likely to continue
at Port Moller,
Port Heiden,
Dillingham, St.
Paul and St.
George.  

Potential
Adverse
Contribution
Acute and/or
chronic pollution
events could
cause direct
mortality of
benthic
organisms,
especially in
nearshore/port
areas.

Potential Adverse
Contribution 
could cause direct
mortality  through
physical alteration
(burial).  

Not a contributing
factor
Climate change and
regime shifts are
not expected to
cause direct
mortality of benthic
organisms.  

Yes, S-.   The additional
external factors would not
improve conditions, and in
fact, could add to the
mortality of benthic
organisms.  

Changes to
Benthic
Community
Structure

S- Yes, long-term,
persistent
adverse effects
are expected in
heavily fished
areas. 
However,
closed areas
may be
recovering.  

Potential Adverse
Contribution 
From offshore
catcher/processors
and/or onshore
processors.  

Potential
Adverse
Contribution
Likely to continue
at Port Moller,
Port Heiden,
Dillingham, St.
Paul and St.
George.

Potential
Adverse
Contribution
Acute and/or
chronic pollution
events could
cause changes in
the benthic
community 
especially in
nearshore/port
areas.

Potential Adverse
Contribution 
If long term, could
cause changes in the
benthic community
through  physical
alteration of the
bottom, thereby
changing the benthic
community structure.

Potential
Beneficial/
Averse
Contribution
Regime shifts, and
large-scale
environmental
fluctuations
associated with El
Nino and La Nina
events have been
identified as having
impacts on both the
physical and
biological systems
in the North Pacific.

Yes, S-.   The additional
external factors would not
improve conditions, and in
fact, could add to adverse
changes in  the benthic
community.
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Direct/
Indirect
Effects of
FMP

FMP
Rating

Persistent Past
Effects

Reasonably Foreseeable Future External Events

Cumulative Effect?
Human Controlled Events Natural Events

Offal Discharge
Port Expansion

and Use
Marine Pollution

Storm surges and
Wind-induced

waves

Climate Changes
and Regime Shifts

APPENDIX A - DRAFT PROGRAMMATIC SEIS SEPTEMBER 2003

373

Geographic
diversity of
Impacts and
Protection

CS- Yes, fishing
effort and
distribution has
changed over
time as areas
have been
closed and
remain closed.  

Potential 
Averse
Contribution
Depending on the
distribution of the
fishing effort, 
sensitive areas
could be impacted
by offal discharge.

Potential
Beneficial/
Averse
Contribution
New ports
provide additional
dock space for
harboring the
fleet.  Fishing
effort could be
directed to more
or less sensitive
areas depending
on the port
locations.

Potential 
Averse
Contribution
Depending on the
distribution of the
fishing effort, less
sensitive areas
could be impacted
by marine
pollution.

Not a Contributing
Factor

Not a
Contributing
Factor

Yes, CS-
FMP 2.1 would protect
slightly less benthic
habitat from trawl gear in
2002 than was protected
in 1980.  This FMP opens
many areas that are
presently closed in order
to protect crab and halibut
habitat. The additional
external effects are not
expected to improve the
internal FMP rating.
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Aleutian Islands Habitat

Direct/
Indirect
Effects of
FMP

FMP
Rating

Persistent
Past

Effects

Reasonably Foreseeable Future External Events

Cumulativ
e Effect?

Human Controlled Events Natural Events

Dredging
(fishery
and/or

navigation)

IPHC and
other

Longline 
Fisheries

State of
Alaska and
Other Pot
fisheries

Offal
Discharge

Port
Expansion

and Use

Marine
Pollution

Storm
surges and

Wind-
induced
Waves

Climate
Changes

and Regime
Shifts

Changes to
Living
Habitat

Direct
Mortality of
Benthic
Organisms

S- Yes, long-
term,
persistent
adverse 
effects are
expected in
heavily
fished
areas.
Prevalence
of long lived
species of
coral
makes
impacts a
particular
concern in
the
Aleutians.  

Potential
Adverse
Contributio
n Impacts of
dredging are
expected to
continue in
localized
areas.

Potential
Adverse
Contributio
n Impacts of
long line
fisheries on
living habitat
(coral) are
expected to
continue.

Potential
Adverse
Contributio
n Impacts of
pot fisheries
on living
habitat
(coral) are
expected to
continue.

Potential
Adverse
Contributio
n From
offshore
catcher/
processors
and/or
onshore
processors.  

Potential
Adverse
Contributio
n Likely to
continue at
Atkutan,
Adak,
Unalaska,
Cold Bay
Dutch
Harbor and
King Cove. 
Other sites
possible for
development.

Potential
Adverse
Contributio
n Acute
and/or
chronic
pollution
events could
cause direct
mortality of
benthic
organisms,
especially in
nearshore/
port areas.

Potential
Adverse
Contributio
n 
Could cause
direct
mortality 
through
physical
alteration
(burial).  

Not a
contributing
factor
Climate
change and
regime shifts
are not
expected to
cause direct
mortality of
benthic
organisms.

Yes S-
The
additional
external
factors
would not
improve
conditions,
and in fact,
could add
to the
mortality of
benthic
organisms.



Table 4.6-29 (cont.). Cumulative effects analysis for the Bering Sea and Aleutian Islands and Gulf of Alaska habitat: FMP 2.1.

Direct/
Indirect
Effects of
FMP

FMP
Rating

Persistent
Past

Effects

Reasonably Foreseeable Future External Events

Cumulativ
e Effect?

Human Controlled Events Natural Events

Dredging
(fishery
and/or

navigation)

IPHC and
other

Longline 
Fisheries

State of
Alaska and
Other Pot
fisheries

Offal
Discharge

Port
Expansion

and Use

Marine
Pollution

Storm
surges and

Wind-
induced
Waves

Climate
Changes

and Regime
Shifts
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Changes to
Benthic
Community
Structure

S- Yes, long-
term,
persistent
adverse 
effects are
expected in
heavily
fished
areas. 
However,
closed
areas may
be
recovering.  

Potential
Adverse
Contributio
n Impacts of
dredging are
expected to
continue in
localized
areas.

Potential
Adverse
Contributio
n Impacts of
long line
fisheries on
benthic
community
structure are
expected to
continue.

Potential
Adverse
Contributio
n Impacts of
pot fisheries
on benthic
community
structure are
expected to
continue.

Potential
Adverse
Contributio
n From
offshore
catcher-
processors
and/or
onshore
processors.  

Potential
Adverse
Contributio
n Likely to
continue at
Atkutan,
Adak,
Unalaska,
Cold Bay
Dutch
Harbor and
King Cove. 
Other suites
possible for
development.

Potential
Adverse
Contributio
n Acute
and/or
chronic
pollution
events could
cause
changes in
the benthic
community 
especially in
nearshore/
port areas.

Potential
Adverse
Contributio
n 
Could cause
direct
mortality 
through
physical
alteration of
the bottom,
thereby
changing the
benthic
community
structure.

Potential
Beneficial/
Averse
Contribution
Regime
shifts, and
large-scale
environmental
fluctuations
associated
with El Nino
and La Nina
events have
been
identified as
having
impacts on
both the
physical and
biological
systems in
the North
Pacific.

Yes, S- 
The
additional
external
factors
would not
improve
conditions,
and in fact,
could add
to adverse
changes in 
the benthic
community.



Table 4.6-29 (cont.). Cumulative effects analysis for the Bering Sea and Aleutian Islands and Gulf of Alaska habitat: FMP 2.1.

Direct/
Indirect
Effects of
FMP

FMP
Rating

Persistent
Past

Effects

Reasonably Foreseeable Future External Events

Cumulativ
e Effect?

Human Controlled Events Natural Events

Dredging
(fishery
and/or

navigation)

IPHC and
other

Longline 
Fisheries

State of
Alaska and
Other Pot
fisheries

Offal
Discharge

Port
Expansion

and Use

Marine
Pollution

Storm
surges and

Wind-
induced
Waves

Climate
Changes

and Regime
Shifts
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Geographic
diversity of
Impacts and
Protection

I Yes, fishing
effort and
distribution
has
changed
over time
as areas
have been
closed and
remain
closed. 

Not a
contributing
factor

Potential
Beneficial/
Averse
Contributio
n
Depending
on changes
in distribution
of  fishing
effort, 
sensitive
areas could
either
additionally
impacted or
allowed to
recover.

Potential
Beneficial/
Averse
Contributio
n Depending
on changes
in distribution
of fishing
effort, 
sensitive
areas could
either
additionally
impacted or
allowed to
recover.

Potential 
Averse
Contributio
n
Depending
on the
distribution of
the fishing
effort, 
sensitive
areas could
be impacted
by offal
discharge.

Potential
Beneficial/
Averse
Contributio
n New ports
provide
additional
dock space
for harboring
the fleet. 
Fishing effort
could be
directed to
more or less
sensitive
areas
depending on
the port
locations.

Potential 
Averse
Contributio
n
Depending
on the
distribution of
the fishing
effort,
sensitive
areas could
be impacted
by marine
pollution.

Not a
contributin
g factor

Not a
contributing
factor

Yes, I
FMP 2.1
would
protect
more
benthic
habitat from
trawl gear
in 2002)
than was
protected in
1980.
However,
the spatial
distribution
of the
closed
areas
under the
current
FMPs may
not protect
the full
range of
habitat
types.
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Gulf of Alaska Habitat

Direct/
Indirect
Effects of
FMP

FMP
Ratin

g

Persistent
Past

Effects

Reasonably Foreseeable Future External Events

Cumulative
Effect?

Human Controlled Events Natural Events

Dredging
(fishery 
and/or

navigation)

IPHC and
other

Longline 
Fisheries

State of
Alaska and
Other Pot
fisheries

Offal
Discharge 

Port
Expansion

and Use

Marine
Pollution

Storm
surges and

Wind-
induced
waves

Climate
Changes

and Regime
Shifts

Changes to
Living
Habitat

Direct
Mortality of
Benthic
Organisms

S- Yes, long-
term,
persistent
adverse 
effects are
expected
in heavily
fished
areas. 
However,
closed
areas may
be
recovering
.  

Potential
Adverse
Contributio
n
Impacts of
dredging are
expected to
continue in
localized
areas.

Potential
Adverse
Contributio
n
Impacts of
long line
fisheries on
living habitat
(coral) are
expected to
continue.

Potential
Adverse
Contributio
n Impacts of
pot fisheries
on living
habitat
(coral) are
expected to
continue.

Potential
Adverse
Contributio
n
From
offshore
catcher
/processors
and/or
onshore
processors.  

Potential
Adverse
Contributio
n
Likely to
continue at
Kodiak, Sand
Point,
Chignik,  Port
Lions,
Ouzinkie and
Seward.
Other sites
possible for
development.

Potential
Adverse
Contributio
n
Acute and/or
chronic
pollution
events could
cause direct
mortality of
benthic
organisms,
especially in
nearshore/po
rt areas. 

Potential
Adverse
Contributio
n
Could cause
direct
mortality 
through
physical
alteration
(burial).  

Not a
contributin
g factor
Climate
change and
regime shifts
are not
expected to
cause direct
mortality of
benthic
organisms.

Yes S-
The additional
external
factors would
not improve
conditions,
and in fact,
could add to
the mortality
of benthic
organisms



Table 4.6-29 (cont.). Cumulative effects analysis for the Bering Sea and Aleutian Islands and Gulf of Alaska habitat: FMP 2.1.

Direct/
Indirect
Effects of
FMP

FMP
Ratin

g

Persistent
Past

Effects

Reasonably Foreseeable Future External Events

Cumulative
Effect?

Human Controlled Events Natural Events

Dredging
(fishery 
and/or

navigation)

IPHC and
other

Longline 
Fisheries

State of
Alaska and
Other Pot
fisheries

Offal
Discharge 

Port
Expansion

and Use

Marine
Pollution

Storm
surges and

Wind-
induced
waves

Climate
Changes

and Regime
Shifts
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Changes to
Benthic
Community
Structure

S- Yes, long-
term,
persistent
adverse 
effects are
expected
in heavily
fished
areas. 
However,
closed
areas may
be
recovering
.

Potential
Adverse
Contributio
n
Impacts of
dredging are
expected to
continue in
localized
areas.

Potential
Adverse
Contributio
n 
Impacts of
long line
fisheries on
the benthic
community
are expected
to continue

Potential
Adverse
Contributio
n Impacts of
pot fisheries
on the
benthic
community 
are expected
to continue.

Potential
Adverse
Contributio
n From
offshore
catcher
/processors
and/or
onshore
processors.  

Potential
Adverse
Contributio
n Likely to
continue at
Kodiak, Sand
Point,
Chignik,  Port
Lions,
Ouzinkie and
Seward.
Other sites
possible for
development.

Potential
Adverse
Contributio
n Acute
and/or
chronic
pollution
events could
cause
changes in
the  benthic
community,
especially in
nearshore/po
rt areas. 

Potential
Adverse
Contributio
n 
Could cause
direct
mortality 
through
physical
alteration of
the bottom,
thereby
changing the
benthic
community
structure.

Potential
Beneficial/
Averse
Contributio
n Regime
shifts, and
large-scale
environment
al
fluctuations
associated
with El Nino
and La Nina
events have
been
identified as
having
impacts on
both the
physical and
biological
systems in
the North
Pacific

Yes, S-
The additional
external
factors would
not improve
conditions,
and in fact,
could add to
adverse
changes in 
the benthic
community.



Table 4.6-29 (cont.). Cumulative effects analysis for the Bering Sea and Aleutian Islands and Gulf of Alaska habitat: FMP 2.1.

Direct/
Indirect
Effects of
FMP

FMP
Ratin

g

Persistent
Past

Effects

Reasonably Foreseeable Future External Events

Cumulative
Effect?

Human Controlled Events Natural Events

Dredging
(fishery 
and/or

navigation)

IPHC and
other

Longline 
Fisheries

State of
Alaska and
Other Pot
fisheries

Offal
Discharge 

Port
Expansion

and Use

Marine
Pollution

Storm
surges and

Wind-
induced
waves

Climate
Changes

and Regime
Shifts
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Geographic
diversity of
Impacts and
Protection

CS- Yes,
fishing
effort and
distribution
has
changed
over time
as areas
have been
closed and
remain
closed. 

Not a
contributin
g factor.

Potential
Beneficial/
Averse
Contributio
n
Depending
on changes
in distribution
of fishing
effort, 
sensitive
areas could
either
additionally
impacted or
allowed to
recover.

Potential
Beneficial/
Averse
Contributio
n Depending
on changes
in distribution
of  fishing
effort, 
sensitive
areas could
either
additionally
impacted or
allowed to
recover.

Potential 
Averse
Contributio
n
Depending on
the
distribution of
the fishing
effort, 
sensitive
areas could
be impacted
by offal
discharge.

Potential
Beneficial/
Averse
Contributio
n New ports
provide
additional
dock space
for harboring
the fleet. 
Fishing effort
could be
directed to
more or less
sensitive
areas
depending on
the port
locations.

Potential 
Averse
Contributio
n
Depending
on the
distribution of
the fishing
effort,
sensitive
areas could
be impacted
by marine
pollution. 

Not a
contributin
g factor.

Not a
contributin
g factor.

Yes, CS-
FMP 2.1
would protect
more benthic
habitat from
trawl gear in
2002) than
was
protected in
1980. 
However, the
spatial
distribution of
the closed
areas under
the FMP 2.1
may not
protect the
full. range of
habitat types.

Notes: CS- - conditionally significant adverse
FMP - fishery management plan
I - insignificant
IPHC - International Pacific Halibut Commission
S- - significant adverse
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Table 4.6-3. Cumulative effects analysis for Bering Sea and Aleutian Islands Pacific cod: FMP 2.1.

Direct/
Indirect
Effects of
FMP

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Events Cumulative Effect?

Human Controlled Events Natural Events

IPHC
Longline
Fishery

State of Alaska
Crab

Fishery

Subsistence Marine
Pollution

Climate
Changes and
Regime Shifts

Mortality I Yes, large
removals of
Pacific cod
occurred in the
past foreign,
domestic, and
JV fisheries,
and in the
State of Alaska
bait fisheries. 
The Pacific
cod biomass is
below B40%

and there are
likely lingering
effects from
this past
fishing
pressure.  
(see Section
3.5.1.2)

Not a
contributing
factor: Future
bycatch
removals
would be
accounted for
in annual
harvest rate
and therefore
do not add
additional
fishing
mortality. 
However, a
small amount
of discards
may not be
included.

Not a
contributing
factor  Future
bycatch
removals would
be accounted for
in annual
harvest rate and
therefore do not
add additional
fishing mortality. 
However, a
small amount of
discards may not
be included.

Not a contribu-
ting factor:
Most future
catch and
bycatch
removals
would be
accounted for
in annual
harvest rate
and therefore
do not add
additional
fishing
mortality

Potential
Adverse
Contribution:
Acute and/or
chronic
pollution
events could
jeopardize 
capacity of
the stock to
produce MSY
on a
continuing
basis.

Not a
contributing
factor
Changes in
water
temperature due
to climate and
regime shifts are
not expected to
be of sufficient
magnitude to
cause direct
mortality of
Pacific cod.

Yes, Insignificant
Model projections indicate
catch will be equal to, but
not exceed the OFL for all
years.  External fisheries
will not contribute to
fishing mortality.  While an
extreme pollution event
could cause significant
mortality in a localized
area, the combined effect
of internal removals and
removals due to
reasonably foreseeable
external events is not
expected to jeopardize
the capacity of the stock to
produce MSY on a
continuing basis.



Table 4.6-3 (cont.). Cumulative effects analysis for Bering Sea and Aleutian Islands Pacific cod: FMP 2.1.

Direct/
Indirect
Effects of
FMP

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Events Cumulative Effect?

Human Controlled Events Natural Events

IPHC
Longline
Fishery

State of Alaska
Crab

Fishery

Subsistence Marine
Pollution

Climate
Changes and
Regime Shifts
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Change in
Biomass

S- Yes, Large
removals of
Pacific cod did
occur in the
past and could
have a
lingering effect
on the
present-day
stock, the
biomass of
which is below
B40%

Potential
Adverse
Contribution:
Bycatch of
Pacific cod in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Bycatch of
Pacific cod in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Bycatch of
Pacific cod in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Acute and/or
chronic
pollution
events could
affect the
ability of the
stock to
sustain itself
above MSST.

Not a
contributing
factor
Changes in
water
temperature due
to climate and
regime shifts are
not expected to
be of sufficient
magnitude to
cause direct
mortality of
Pacific cod.

Yes, Significantly
adverse.
Due to the internal effects
of the FMP, biomass of
BSAI stock is projected to
fall below the MSST in
2007.  The additional
mortality from eternal
human controlled events
will likely cause additional
reduction in biomass.

Change in
Genetic
Structure of
Population

U No, see
above.

Potential
Adverse
Contribution:
Bycatch of
Pacific cod in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Bycatch of
Pacific cod in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Bycatch of
Pacific cod in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Acute and/or
chronic
pollution
events could
alter the
genetic
structure of
the
population
through
localized
mortality
events.

Not a
contributing
factor Changes
in water
temperature due
to climate and
regime shifts are
not expected to
be of sufficient
magnitude to
cause direct
localized
mortality of
Pacific cod such
that stock
genetics are
threatened.

Yes, but the significance
is  Unknown.
Evidence is insufficient to
conclude whether the
combined effects of the
internal and external
actions/events would
impact the stock’s ability
to maintain itself at or
above MSST.



Table 4.6-3 (cont.). Cumulative effects analysis for Bering Sea and Aleutian Islands Pacific cod: FMP 2.1.

Direct/
Indirect
Effects of
FMP

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Events Cumulative Effect?

Human Controlled Events Natural Events

IPHC
Longline
Fishery

State of Alaska
Crab

Fishery

Subsistence Marine
Pollution

Climate
Changes and
Regime Shifts
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Change in
Reproductiv
e Success

U Yes, past
fisheries could
have had a
lingering
negative effect
on Pacific cod
recruitment. 
Also there are
lingering past
effects due to
Climate
Changes and
Regime Shifts
(refer to
Section
3.5.1.2)

Potential
Adverse
Contribution:
Bycatch of
Pacific cod in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Bycatch of
Pacific cod in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Bycatch of
Pacific cod in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Acute and/or
chronic
pollution
events could
result in
reduced
recruitment

Potential
Beneficial/
Averse
Contribution:
Strong Aleutian
Low and high
water
temperatures
tend to favor
recruitment,
likewise weak
Aleutian Low
and cooler
water
temperatures
tend to result in
weak
recruitment

Yes, but the significance
is  Unknown
Evidence is insufficient to
conclude whether the
combined effects of the
internal and external
actions/events would
impact the stock’s ability
to maintain itself at or
above MSST.



Table 4.6-3 (cont.). Cumulative effects analysis for Bering Sea and Aleutian Islands Pacific cod: FMP 2.1.

Direct/
Indirect
Effects of
FMP

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Events Cumulative Effect?

Human Controlled Events Natural Events

IPHC
Longline
Fishery

State of Alaska
Crab

Fishery

Subsistence Marine
Pollution

Climate
Changes and
Regime Shifts

APPENDIX A - DRAFT PROGRAMMATIC SEIS SEPTEMBER 2003

383

Change in
Prey
Availability

I Yes, Climate
Changes and
Regime Shifts 
(refer to
Section
3.5.1.2).  

No, lingering
population
level effects
from fisheries
catch and
bycatch of
Pacific cod
prey species
are not
expected  (see
Section
3.5.1.2).  

Potential
Adverse
Contribution:
Bycatch of
Pacific cod
forage fish in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Bycatch of
Pacific cod
forage fish in this
fishery is
expected to
continue.

Potential
Adverse
Contribution:
Bycatch of
Pacific cod
forage fish  in
this fishery is
expected to
continue.

Potential
Adverse
Contribution:
Reduced prey
availability or
reduced
quality of prey
could
jeopardize
the stock’s
ability to
sustain itself
above MSST

Potential
Beneficial/
Adverse
Contribution: 
Strong Aleutian
Low and high
water
temperatures
tend to favor
recruitment,
likewise weak
Aleutian Low
and cooler
water
temperatures
tend to result in
weak
recruitment

Yes, Insignificant
The combination of
internal and external
removals of prey is not
expected to decrease
prey availability such that
the Pacific cod stock is
unable to sustain itself at
or above MSST



Table 4.6-3 (cont.). Cumulative effects analysis for Bering Sea and Aleutian Islands Pacific cod: FMP 2.1.

Direct/
Indirect
Effects of
FMP

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Events Cumulative Effect?

Human Controlled Events Natural Events

IPHC
Longline
Fishery

State of Alaska
Crab

Fishery

Subsistence Marine
Pollution

Climate
Changes and
Regime Shifts
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Change in
Habitat
Suitability

U Yes, Past
Foreign, JV
and Domestic
Fisheries and
Climate
Changes and
Regime Shifts 
(refer to
Section
3.5.1.2)

Potential
Adverse
Contribution: 
Habitat
disturbance
may cause
change in
spawning or
rearing
success

Potential
Adverse
Contribution:
Habitat
disturbance may
cause change in
spawning or
rearing success

Potential
Adverse
Contribution:
Habitat
disturbance
may cause
change in
spawning or
rearing
success

Potential
Adverse
Contribution:
Habitat
degradation
due to
pollution
events may
cause change
in spawning
or rearing
success

Potential
Beneficial/
Adverse
Contribution: 
Strong Aleutian
Low and high
water
temperatures
tend to favor
recruitment,
likewise weak
Aleutian Low
and cooler
water
temperatures
tend to result in
weak
recruitment

Yes, but the significance
is  Unknown
Evidence is insufficient to
conclude whether the
combined effects of the
internal and external
actions/events would
impact the stick’s ability to
maintain itself at or above
MSST.

Notes: B40% - the long-term average biomass that would be expected under average recruitment when the stock is harvested at a fishing mortality rate equal
to F40% (see Appendix F).
BSAI - Bering Sea and Aleutian Islands
FMP - fishery management plan
I - insignificant
JV - joint venture
MSST - minimum stock size threshold
MSY - maximum sustainable yield
OFL - overfishing level]
S- - significant adverse
U - unknown
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Table 4.8-43. Cumulative effects analysis for Bering Sea and Aleutian Islands and Gulf of Alaska regions and communities: FMP 4.1.

Direct/Indirect
Effects of

FMP(s)

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Effects

Cumulative Effect?

Human Controlled Events

Other Fisheries Other Economic
Development

Activities

Other Sources
of Municipal/

State Revenue

Long-term
Climate Change

and Regime
Shift

In-Region
Processing/
municipal
revenue

I/S- Yes - inshore/
offshore
processor
allocations, AFA,
municipal
reliance on
revenue from
fish tax

Potential
Adverse/
Beneficial
Contribution-
Trends in salmon,
crab and halibut
fisheries affect
multi-species
plant operations

Not a contributing
factor -effects of
other economic
activities do not
affect processing

Potential
Adverse
Contribution-
decrease in other
state and
municipal revenue
sources

Potential
Adverse/
Beneficial
Contribution- 
fluctuations in fish
stocks drive
TACs, fishery
closures, and
decisions
regarding when
and where to
participate in
fisheries

Insignificant to Conditionally
Significant Adverse - direct/indirect
effects are adverse for all four Alaska
regions and insignificant for
Washington Inland Waters and
Oregon Coast. Trends in multi-
species fisheries and other sources of
municipal and state revenue result in
adverse effects on in-region
processing and municipal revenue.
Cumulative effects are conditionally
significant adverse for all four Alaska
regions, and insignificant for
Washington Inland Waters and
Oregon Coast.

Regionally
Owned At-sea
Processors

I/S- Yes - inshore/
offshore
processor
allocations, AFA

Potential
Adverse/
Beneficial
Contribution-
Trends in salmon,
crab and halibut
fisheries affect
multi-species
plant operations

Not a contributing
factor -effects of
other economic
activities do not
affect processing

Potential
Adverse
Contribution-
decrease in other
revenue sources

Potential
Adverse/
Beneficial
Contribution- 
fluctuations in fish
stocks drive
TACs, fishery
closures, and
decisions
regarding when
and where to
participate in
fisheries

Insignificant to Conditionally
Significant Adverse - Direct/indirect
effects are insignificant or significant
adverse. Within Southcentral Alaska
and Washington Inland Waters,
fisheries are a small part of the
regional economies and effects are
dwarfed by other trends. Cumulative
effects for these regions are
insignificant. Adverse trends in other
fisheries and reductions on municipal
revenue result in conditionally
significant adverse cumulative effects
for the Alaska Peninsula/Aleutian
Islands, Kodiak Island, and Southeast
Alaska regions.



Table 4.8-43 (cont.). Cumulative effects analysis for Bering Sea and Aleutian Islands and Gulf of Alaska regions and communities: FMP 4.1.

Direct/Indirect
Effects of

FMP(s)

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Effects

Cumulative Effect?

Human Controlled Events

Other Fisheries Other Economic
Development

Activities

Other Sources
of Municipal/

State Revenue

Long-term
Climate Change

and Regime
Shift
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Extra-Regional
Deliveries of
Regionally
Owned Catcher
Vessels

S- Yes - inshore/
offshore
processor
allocations, AFA

Potential
Adverse/
Beneficial
Contribution-
Trends in salmon,
crab and halibut
fisheries affect
multi-species
plant operations

Not a contributing
factor -effects of
other economic
activities do not
affect processing

Not a
contributing
factor -other
revenue sources
have no effect

Potential
Adverse/
Beneficial
Contribution- 
fluctuations in fish
stocks drive
TACs, fishery
closures, and
decisions
regarding when
and where to
participate in
fisheries

Insignificant to Conditionally
Significant Adverse - Direct/indirect
effects are insignificant or significant
adverse. Within Southcentral Alaska,
Washington Inland Waters, and
Oregon Coast Regions, fisheries are
a small part of the regional economies
and effects are dwarfed by other
trends. Cumulative effects for these
regions are insignificant. Adverse
trends in other fisheries and
reductions on municipal revenue
result in conditionally significant
adverse cumulative effects for  the
Alaska Peninsula/Aleutian Islands,
Kodiak Island regions. 

In-Region
Deliveries of
Regionally
Owned Catcher
Vessels

I/S- Yes - inshore/
offshore
processor
allocations, AFA

Potential
Adverse/
Beneficial
Contribution-
Trends in salmon,
crab and halibut
fisheries affect
multi-species
plant operations

Not a contributing
factor -effects of
other economic
activities do not
affect processing

Not a
contributing
factor -other
revenue sources
have no effect

Potential
Adverse/
Beneficial
Contribution- 
fluctuations in fish
stocks drive
TACs, fishery
closures, and
decisions
regarding when
and where to
participate in
fisheries

Insignificant to Conditionally
Significant Adverse - Direct/indirect
effects are significant adverse for five
of the six regions. Within Southcentral
Alaska, Washington Inland Waters,
and Oregon Coast Regions, fisheries
are a small part of the regional
economies and effects are dwarfed by
other trends. Cumulative effects for
these regions are insignificant.
Adverse trends in other fisheries and
reductions on municipal revenue
result in conditionally significant
adverse cumulative effects for  the
Alaska Peninsula/Aleutian Islands,
Kodiak Island regions. 



Table 4.8-43 (cont.). Cumulative effects analysis for Bering Sea and Aleutian Islands and Gulf of Alaska regions and communities: FMP 4.1.

Direct/Indirect
Effects of

FMP(s)

FMP
Rating

Persistent
Past Effects

Reasonably Foreseeable Future External Effects

Cumulative Effect?

Human Controlled Events

Other Fisheries Other Economic
Development

Activities

Other Sources
of Municipal/

State Revenue

Long-term
Climate Change

and Regime
Shift
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Total Direct,
Indirect, and
Induced Labor
Income and
FTEs

I/S- Yes - inshore/
offshore
processor
allocations, AFA

Potential
Adverse/
Beneficial
Contribution-
Trends in salmon,
crab and halibut
fisheries affect
multi-species
plant operations

Potential Adverse/
Beneficial
Contribution-
Trends in other
economic
development
activities,
particularly state
and municipal
capital projects

Potential
Adverse
Contribution -
decrease in other
state and
municipal revenue
sources

Potential
Adverse/
Beneficial
Contribution- 
fluctuations in fish
stocks drive
TACs, fishery
closures, and
decisions
regarding when
and where to
participate in
fisheries

Insignificant to Conditionally
Significant Adverse - Direct/indirect
effects on labor income and
employment are significant adverse
for all regions. Within Southcentral
Alaska, Washington Inland Waters,
and Oregon Coast Regions, fisheries
are a small part of the regional
economies and effects are dwarfed by
other trends. Cumulative effects for
these regions are insignificant.
Adverse trends in other fisheries and
reductions on municipal revenue
result in conditionally significant
adverse cumulative effects for  the
Alaska Peninsula/Aleutian Islands,
Kodiak Island regions. 

Notes: AFA - American Fisheries Act
FMP - fishery management plan
FTE - full-time equivalent
TAC - total allowable catch
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A Systematic but Not-Too-Complicated Approach to Cumulative Effects Assessment 

 
Robert G. B. Senner,1 Joseph M. Colonell,2 Jonathan D. Isaacs,2 Steven K. Davis,3 Suzanne M. 

Ban,2 Joyce P. Bowers,2 and David E. Erikson2 
 

In 1994, Ray Clark focused attention on the potential of cumulative effects assessment (CEA) to serve 
as a predictive tool for gauging the sustainability of proposed development projects (Clark 1994). At that time, 
CEA was in the early stages of its maturation in the United States. Although the 1978 CEQ regulations (40 CFR 
1500-1508.7) required National Environmental Policy Act (NEPA) practitioners to consider not only the direct 
and indirect environmental effects of a proposed action and each of its alternatives, but also the potential 
cumulative effects, the brief cumulative effects sections that appeared in most environmental assessments (EAs) 
and environmental impact statements (EISs) in the United States were usually non-specific and conjectural—
and sometimes absent. (For a critique of CEA practice at that time, see Burris and Canter 1997). The situation 
improved somewhat after January 1997, when the President’s Council on Environmental Quality (CEQ) issued 
its handbook Considering Cumulative Effects under the National Environmental Policy Act (CEQ 1997), the 
first official guidance in the United States on how to perform cumulative effects assessments. (For a pre- and 
post-1997 time-comparison analysis of CEA practice, see McLaughlin 2001). Now, in 2002, CEA practice is 
farther along the maturation path, and we can turn again to Clark’s idea of applying CEA as a tool for 
sustainable development. 

In Alaska, the question of sustainability is foremost in the minds of federal, state, and borough 
resource agency representatives, because decisions regarding development projects are made in the context of 
an environment of unspoiled wilderness or near-wilderness, intact and healthy fish and wildlife populations and 
habitats, and unparalleled beauty. But these conditions are relative: the outside world is intruding, with its 
pressures for development and tourism, and there is risk associated with every authorization and permit that the 
decision will add its increment to accelerating change. Under these circumstances, there is a growing interest in 
CEA, and the focus—whether explicit or implicit—is on sustainable development. Currently, for example, there 
are two major federal efforts underway to assess the cumulative effects of petroleum development in Alaska. 
The U.S. Environmental Protection Agency (EPA) is sponsoring a comprehensive study by the National 
Research Council on the cumulative environmental effects of Alaskan North Slope oil and gas activities, and 
the U.S. Department of the Interior, Bureau of Land Management is examining the cumulative effects of the 
Trans-Alaska Pipeline System (TAPS) as part of the EIS required to reauthorize the TAPS right-of-way. The 
attention being given to CEA and sustainability by regulatory agencies is reflected in the private sector, because 
Alaskan development projects proceed under intense regulatory scrutiny, and the petroleum, mining, timber, 
and commercial fishing industries, in particular, not only stay in close step with regulatory trends, but have 
legitimate interests of their own in promoting sustainability. 

  In our experience as practitioners, the biggest obstacle facing the public and private sectors alike in 
conducting CEA is the lack of a straightforward approach that can be applied inexpensively, quickly, and 
consistently in compliance with the CEQ handbook. Other, less tractable obstacles stand in the way of assessing 
sustainability in a broad and coordinated way across different agencies, institutions, and planning bodies. In this 
paper, we describe an approach we are finding useful in facilitating a consistent procedure for CEA, and we 
close with a few thoughts on pursuing Clark’s vision of using CEA as a tool not only for assessing potential 
sustainability, but for guiding development in that direction as part of an open and public process. 

                                                 
1 URS Corporation, P.O. Box 84400, Fairbanks, AK 99708-4400, USA. E-mail: robin_senner@urscorp.com.  
2 URS Corporation, Alaska Operations, 2700 Gambell St., Suite 200, Anchorage, AK 99503, USA 
3 National Oceanic and Atmospheric Administration, National Marine Fisheries Service, 222 West 7th Avenue, 
Room 517, Anchorage, AK 99513, USA  
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Approach 

 
Since 1999, we have been developing an approach to CEA that closely follows the CEQ handbook, 

incorporates subsequent guidance from the EPA Office of Federal Activities (1999), and provides a 
straightforward and consistent method that can allow diverse projects to be compared on common ground so 
that an integrated, collective, and continually evolving synoptic picture emerges. Variants of this approach have 
been applied to the TAPS right-of-way reauthorization process and to a major EIS now underway regarding the 
future management of commercial groundfish fisheries in the Eastern Bering Sea, Aleutian Islands, Gulf of 
Alaska, and North Pacific Ocean. In addition, this approach has been developed to assist oil and gas industry 
staff and consultants in preparing CEAs for in-house environmental reports prior to the regulatory analysis of 
proposed oil and gas development projects on Alaska’s North Slope. We want to emphasize, however, that the 
approach presented here has not been formally accepted by government agencies or by private industry and is 
not intended to replace or refute guidance by agencies involved with cumulative effects assessments. Although 
not as comprehensive as strategic environmental assessment (SEA) procedures, the CEA approach described 
here may have useful application not only in the United States, but also in other nations where NEPA-like 
requirements are in effect or being developed.  

This approach has five parts, in the following sequence: 
A. Scoping: Identify Issues, Resource Components, and Boundaries; 
B. Organizing: Describe the Affected Environment, Predicted Direct and Indirect Effects, and 

External Influences; 
C. Screening: Identify Potential Cumulative Effects; 
D. Evaluating: Determine Significance and Whether Beneficial or Adverse; and 
E. Mitigating, Monitoring and Adaptive Management 

Each of these parts consists of one or more steps (11 total) that correspond to and comply with the 11 
steps in the CEQ handbook, but occur in a slightly modified form and in a different order from the CEQ 
sequence to aid users in performing analyses as efficiently as they can (Table 1). At the same time, like the CEQ 
recommendations, the approach presented here is not a cookbook: it requires latitude and judgment on the part 
of the practitioner, and provides only the outer structure of the CEA process to facilitate consistency and 
comparability of results from one  CEA to another. This feature is important for considerations of sustainability, 
as we discuss later in this paper. In addition, this approach, like the CEQ guidelines, does not address analytic 
methodology; this, especially, is up to the practitioner (see Canter 1996, 1997).  

By following these recommendations, users develop a series of tables (CEA matrices) and supporting 
text. The CEA matrices identify and categorize cumulative effects potentially related to the proposed action and 
alternative actions, including the no-action alternative. Each cell of a matrix is referenced to supporting text that 
explains the rationale for the entry in the cell. This approach provides a level of transparency and accountability 
that facilitates public, agency, and stakeholder participation in, and review of, CEAs. In addition, the 
consistency of approach from one CEA to the next allows the comparison of predicted cumulative effects 
among different development proposals as well as the post-development comparison of  predicted versus actual 
environmental effects among different projects. This aspect is conducive to database tracking and trend analysis 
over an extended period, an important consideration in using CEA as a predictive tool for sustainability 
assessment. 
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 A. Scoping: Identify Issues, Resource Components, and Boundaries 
 
1. Scoping process: At the start of the project, hold scoping meetings and interviews with stakeholders 

and concerned individuals (the general public; potentially affected local residents, businesspeople, and 
landowners; members of non-governmental organizations; agency representatives; and others). The early 
scoping meetings and agency coordination should cover not only information and opinions regarding potential 
direct and indirect (secondary) effects of the proposed action and its alternatives, but also issues and concerns 
that might be relevant to potential cumulative effects on the physical, biological, and socioeconomic 
environments. This process should identify relevant past, current, and emerging issues of concern, including 
potential future actions, and seek to incorporate traditional knowledge. Each alternative, including no action, 
should be addressed as fully as the proposed action, not only during scoping but throughout the CEA. 

 
2. Background research: Review other environmental assessments, environmental impact statements, 

environmental study reports, the peer-reviewed literature, agency file data where available, and other sources to 
identify and characterize past, current, and reasonably foreseeable future actions other than the proposed action 
and its alternatives (i.e., external actions) that have affected or could affect the identified resource components. 
Do the same for natural events (seismic events, floods, severe winters, climate change, etc.).4 Use the scoping 
input from step 1 to guide the inquiry. 

 
3. Resource components: Using the information gained from the scoping process (step 1) and 

background research (step 2), identify the relevant resource components (e.g., air quality, water quality, fish and 
wildlife species,5 wetlands, income, employment, etc.) for the physical, biological, and socioeconomic 
environments. It is helpful to arrange the resource components in a table or tables to support the analysis and 
illustrate the text. 

 
4. Geographic scopes: Using the resource components identified in step 3, define the appropriate 

geographic scopes for the physical, biological, and socioeconomic environments.6 For CEAs, the geographic 
scopes will usually encompass (a) the location(s) of the alternatives, plus (b) the areas within which the 
physical, biological, or socioeconomic resource components might be affected directly or indirectly by any 
alternative, plus (c) the areas in which external human actions and natural events could interact with the direct 
and/or indirect effects of any alternative. Geographic scopes will usually be broader for cumulative effects than 
for direct and indirect effects, because external factors at greater distances from the project may be involved. 
Therefore, the broad geographic scopes established for the CEA may also incorporate and apply to the direct 
and indirect effects. 

 
5. Time scope: Establish a time scope for the CEA that covers the past, present, and reasonably 

foreseeable future. Following EPA guidance, the cumulative effects benchmark, here called the environmental 

                                                 
4 If the proposed action or alternatives are a continuation or new phase of an ongoing program, past and current 
actions in the same program should be included in this review, along with reasonably foreseeable future 
program components that are not directly part of the proposed action and its alternatives. 
5 To keep the analysis within manageable bounds, fish or wildlife species with similar life histories, geographic 
range, and population-limiting factors can be combined as a single resource component. For example, many 
waterfowl, shorebird, or small mammal species can be lumped in this way, provided species-specific 
characteristics that make a difference to the analysis are identified and discussed in the text. In other cases, a 
single species (e.g., polar bear, caribou, spectacled eider) may be justified as a separate resource component if it 
has special biological or management status (e.g., Threatened and Endangered species). 
6 The physical, biological, and socioeconomic environments may have different geographic scopes, depending 
on their respective resource components, or they may all share one comprehensive geographic scope. In either 
case, present the supporting rationale and then be consistent in usage throughout the CEA.  
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reference point, should be a year in the past that represents the environment in its pre-development condition or, 
if sufficient information on the pre-development condition is lacking, a more recent year representing the 
environment in an ecologically sustainable condition (EPA 1999). Because the environmental reference point is 
set in the past, it is different from the baseline for direct and indirect effects, which is usually set in the present 
just before the planned start of the proposed action and alternatives. The advantage of setting the environmental 
reference point as a benchmark in the past is that it provides a starting point in time. Using this starting point, it 
will be possible to describe the sequence of human actions and natural events that occurred and interacted in the 
past, leaving residual cumulative effects that continue to influence present environmental conditions (the 
baseline). If the preponderance of evidence indicates that the present environmental condition is ecologically 
sustainable, the environmental reference point should still be placed far enough in the past to allow a description 
of past human actions and natural events that could be contributing to ongoing cumulative effects. The idea here 
is that the proposed action or its alternatives could add to and interact with cumulative effects that are already 
taking place as a result of past actions and events (EPA 1999).    

With respect to the reasonably foreseeable future, the expiration of the enabling permit or license may 
be a logical cutoff point, but keep in mind that some project effects may persist, and interact with the effects of 
external human actions and natural events, well beyond the planned project lifetime. As with geographic scope, 
the boundaries or cutoff points for the backward-looking and forward-looking parts of the time scope can be 
adjusted as the analysis proceeds, and they may vary from one resource component to another.7 

 
B. Organizing: Describe the Affected Environment, Predicted Direct and Indirect Effects, and External 

Influences 
 
6. Affected Environment: Plan and prepare the Affected Environment chapter. The structure, method, 

and content of this chapter are essential components of the CEA. It is the place where past, present, and 
reasonably foreseeable future actions and events (from steps 1 and 2) are systematically organized and 
described in relation to the resource components and geographic and temporal scopes (from steps 3, 4, and 5). 
Begin by classifying and describing the resource components of the physical, biological, and socioeconomic 
environments in terms of their functional significance and occurrence within their respective geographic scopes. 
Then, starting in the past at the environmental reference point (from step 5), summarize how the resource 
components have historically been shaped and altered by human actions and natural events through the period 
from the environmental reference point up to the baseline (the present-day benchmark used for assessing direct 
and indirect effects). Be sure to note residual effects from the past that continue to influence the baseline 
(present) conditions. These residual effects will be a crucial part of the CEA to be developed in the 
Environmental Consequences chapter. Next, summarize potential human actions (other than the proposed action 
and its alternatives) and natural events  that could affect the resource components in the reasonably foreseeable 
future. Finally, prepare a concluding section that synthesizes the key points in the Affected Environment 
chapter and identifies apparent environmental trends as indicated by changes in the resource components.8 
Wherever appropriate, use informative tables, maps, and diagrams to support and clarify the text. 

 
7. Direct and indirect effects: After the Direct and Indirect Effects sections of the Environmental 

Consequences chapter have been completed, review the predicted direct and indirect effects of the proposed 

                                                 
7 For example, the future cutoff point for a particular species could be based on evidence regarding the time 
required to recover from stress relating to a population-limiting factor. In such cases, the recovery times, and 
therefore the future cutoff points, will vary from one species to another (e.g., caribou versus northern lemming). 
8 One of the principles set forth in the CEQ guidelines (CEQ 1997) states that “It is not practical to analyze the 
cumulative effects of an action on the universe; the list of environmental effects must focus on those that are 
truly meaningful.” Use professional judgment to provide a concise account of the key actions and events 
shaping the Affected Environment in the past, present, and reasonably foreseeable future.   
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action and its alternatives on the resource components. Note which potential effects are evaluated as significant 
and the criteria used to make that determination, including the definition of the significance threshold applied to 
each resource component. Note also whether the predicted direct and indirect effects are considered beneficial 
or adverse. (See text boxes, “Determining Significance” and “Beneficial or Adverse?”) 

 
8. Cumulative effects assessment (CEA) matrix: Working through one project alternative at a time, 

prepare a cumulative effects assessment matrix for each resource component (from step 3), listing each 
predicted direct and indirect effect of the alternative on that resource component in the left-hand column and 
whether the predicted effect has been evaluated as significant (S) or not significant (NS) (from step 7). A 
hypothetical example of a filled-out CEA matrix, with numbered step-by-step guidance, is shown in Tables 2a 
and 2b at the end of the paper. 

 
9. External influences: For each CEA matrix, array the identified past, current, and reasonably 

foreseeable future external influences along the top as column headings. These are the human-controlled actions 
and natural events identified during the background research in step 2. Add three more columns on the right-
hand side to characterize potential cumulative effects. The matrix is now a tool that will help to organize and 
document the remainder of the analysis. 

 
C. Screening: Identify Potential Cumulative Effects 
 
10. Matrix cell completion: In each CEA matrix, enter the appropriate information for every cell in 

summary form. Each cell should reference the corresponding section of the text that contains the rationale 
supporting the cell content. For example, to summarize the predicted direct effect on sheet flow caused by a 
gravel access road that would be constructed through wetlands: “Access road will block sheet flow, causing 
ponding on the upstream side and drier conditions on the downstream side (Sec. 4.2.7).” For past, present, and 
reasonably foreseeable future external actions and natural events, summarize how each external influence might 
add to or interact with each listed direct or indirect effect of the alternative under consideration. Where no 
involvement by the external influence is foreseen, place N/A (for Not Applicable) in the cell. 

When the appropriate information has been entered, it will be evident whether there is the potential for 
a cumulative effect to be associated with each predicted direct or indirect effect of the alternative under 
consideration. Therefore, in the “Potential Cumulative Effect?” column, briefly characterize each identified 
cumulative effect. For example, to summarize the potential cumulative effect of other gravel roads adding to 
sheet flow blockage caused by the alternative under consideration: “Access roads to Pads A, B, C, D, and E will 
further block sheet flow through wetlands, creating multiple impoundments within a 100-hectare area 
surrounding the proposed project location” (cite the corresponding text section). If no potential for a cumulative 
effect is identified, enter No in the appropriate cell of the “Cumulative Effect?” column. Finally, make sure that 
the document text provides the necessary information and literature citations to support the conclusions stated in 
each cell of the matrix, so that text and matrix are consistent and securely linked. 

 
D. Evaluating: Determine Significance and Whether Beneficial or Adverse 
 
11. Criteria and thresholds: At this point, all of the cells in the CEA matrix should be completed except 

for those in the far right-hand column (Table 2b). This column asks whether each identified potential 
cumulative effect would be significant and, if so, whether the effect would be beneficial or adverse. Value 
judgments are involved in both determinations, as noted in the following text boxes. To determine whether a 
potential cumulative effect would be significant, it is important to apply the same criteria and significance 
threshold that were applied to the predicted direct and indirect effects of the alternatives. This is because the 
same alternatives and the same resource components are involved. When a determination has been made, enter 
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Yes into the cell if the potential cumulative effect meets the significance criteria and passes the significance 
threshold. Enter No if the cumulative effect does not qualify as significant. If Yes, place a (+) or (–) to indicate 
whether the potential significant effect would be beneficial or adverse, respectively, to the resource component 
being addressed. Finally, provide a bulleted summary in each cell of the key points (criteria) considered in 
making the significance and beneficial/adverse determinations, with supporting citations. Include the 
significance threshold and provide an estimate, if feasible, of the approximate percent contribution of the 
alternative under discussion to the total cumulative effect. This helps to put the alternative into perspective with 
respect to the total context of all factors contributing to the cumulative effect. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Beneficial or Adverse? 

The terms “beneficial” and “adverse” involve value judgments. In the CEA, therefore, it is important 
to state the supporting assumptions and rationale (criteria) for a determination that a potential effect 
would be either beneficial or adverse. In many cases, there is a social consensus, supported by the 
law, regarding what is meant by adverse: harmful to the environment, as with air or water 
contamination, the elimination of habitats that support fish and wildlife populations, or social changes 
that result in deteriorating health, nutrition, education, or income. Such cases may allow the 
application of regulatory standards such as ambient air quality standards, water contaminant 
standards, etc. that provide objective, measurable thresholds above which a potential effect can be 
defined as both significant and adverse. Other environmental changes, however–especially in the 
biological and land use disciplines–may be viewed as either beneficial or adverse, depending on the 
point of view. The first step in making a determination is to ascertain whether the potential effect 
would violate or comply with statutes and resource management goals. But in all cases, including 
those not addressed by laws and regulations, the supporting assumptions and rationale for 
determining whether an effect would be beneficial or adverse must be documented in the analysis. 

Determining Significance 
 

The CEQ regulations implementing NEPA (40 CFR 1508.27) state that the significance of potential 
environmental effects should be determined on the basis of context and intensity. These terms are 
interpreted in various ways in the literature (see, for example, McMillen 1993). For the purposes of 
these guidelines, context refers to the background conditions and specific circumstances under which 
the cumulative effect could occur. For example, the significance of predicted wildfire occurrence near 
human communities might be evaluated as greater than for wildfires in remote locations, and the 
significance of a predicted small population decline in an endangered species might be evaluated as 
more significant than a comparable population decline in an abundant species. Intensity here refers to 
the severity of the effect and can be based on factors such as magnitude, frequency of occurrence, 
duration (i.e., long-term versus short-term), and geographic extent (i.e., site-specific versus regional). 
Clearly, value judgments will have to be applied to determine significance, and the supporting 
rationale for each value judgment must be documented in the analysis. Using explicit significance 
criteria, and significance thresholds defined in quantitative terms, will help to ensure consistent 
understanding of the results among readers with a wide diversity of backgrounds.  
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E. Mitigating, Monitoring and Adaptive Management 
 
The final two steps in the CEA process recommended by the CEQ (1997; see Table 1) are important 

follow-through actions that, in our experience, are neglected to a varying degree in many NEPA documents. 
CEQ step 10 calls for the modification or addition of alternatives to mitigate significant cumulative effects, 
while CEQ step 11 calls for monitoring and adaptive management of cumulative effects for the selected action. 
With respect to CEQ step 10, the alternatives are almost always modified and sometimes added to in order to 
incorporate mitigation recommendations resulting from the agency and public review of the draft EA or EIS. 
For example, the Draft Programmatic Supplemental EIS for Alaska Groundfish Fisheries is currently being 
redrafted by the National Marine Fisheries Service to incorporate a modified suite of alternatives approved by 
the North Pacific Fishery Management Council following extensive public review and comment (NMFS 2001).  

The improvement, with enhanced mitigative measures, of EAs and EISs as a result of the public review 
process is usually undertaken with diligence, perhaps in part because the document can be found deficient 
during the evaluation undertaken for the Record of Decision (ROD) if this step has been missed. The ROD must 
“State whether all practicable means to avoid or minimize environmental harm from the alternative selected 
have been adopted, and if not, why they were not” [40 CFR 1505.2(c)]. 

Follow-through on step 11, monitoring of the environment to determine whether the predicted or other 
cumulative effects actually occur, followed by adaptive management to mitigate the observed effects, can 
require the commitment of costly resources and time. In our experience, this step is frequently left out of the 
process. From the standpoint of applying CEA as tool for sustainable development, however, the final step is 
important, because it can provide the feedback necessary to fine-tune and coordinate development proposals in 
order to minimize the adverse cumulative effects that would diminish sustainability. 

 
CEA and Sustainable Development 
 
In our Alaskan NEPA practice, we have seen a growing interest among agency representatives to 

standardize and coordinate efforts among offices and across jurisdictional lines to develop an integrated, 
synoptic approach to CEA, so that the results of CEAs can be collated and applied to the planning, review, and 
permitting of development projects. One of the ideas currently being discussed is to establish a CEA database 
that would assemble knowledge from various federal, state, and local agencies regarding planned or potential 
developments, including those in the permitting stage. Among other advantages, an accessible and regularly 
updated database of this type would help to create a consensus among Alaskan NEPA practitioners in 
describing the reasonably foreseeable future. 

A related idea is to develop a “rolling CEA,” an agency-produced and maintained document that is 
continually revised to reflect the addition of new development projects and natural events to the catalog of 
factors collectively affecting the environmental baseline. This approach might be most useful where applied to a 
single adaptive management program, such as the recurring amendment of commercial fishery management 
plans by Fishery Management Councils to anticipate changing ecological conditions such as population cycles 
of target and non-target species, changing predator-prey relationships, or oceanographic regime shifts. 

Interagency coordination of this sort, sharing both information and basic regional planning tools such 
as GIS, is one of the necessary steps in moving toward the integrative planning of sustainable development. 
Increasingly in Alaska, agencies are establishing NEPA coordinator positions to facilitate progress in this 
direction. Another requirement is increased standardization of the CEA process, so that development projects 
can be compared and data pooled on a common basis. This paper speaks briefly to that issue. Perhaps most 
important, there is a need for the institutional mobilization of public and private resources, including non-
governmental organizations, in pursuing the goal of sustainable development. Staffing, public involvement, 
database development, analytic methods, technology, and reporting will have to be standardized, shared, and 
coordinated to the extent necessary to produce a practical, cost-effective, and tangible result.  
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Table 1. Comparison of CEQ (1997) and Modified Approach for Cumulative Effects Assessment 

Recommendations from CEQ (1997) Approach Presented Here 
A. Scoping: Identify Issues, Resource Components, and Boundaries 

1. Identify the significant cumulative effects issues associated 
with the proposed action and define the assessment goals. 

1. At the start of the project, hold scoping meetings and 
interviews with stakeholders, concerned individuals, and 
the public at large. 

2. Establish the geographic scope for the analysis. 2. Review the literature to identify and characterize past, 
current, and reasonably foreseeable future actions that 
have affected or could affect the identified resource 
components, using the scoping input to guide the 
inquiry. 

3. Establish the time frame for the analysis. 3. Identify the relevant resource components for the 
physical, biological, and socioeconomic environments. 

4. Identify other actions affecting the resources, ecosystems, 
and human communities of concern. 

4. Define the geographic scopes for the physical, 
biological, and socioeconomic environments. 

 5. Establish a time scope for the CEA that covers the past, 
present, and reasonably foreseeable future. Establish the 
environmental reference point(s). 

B. Organizing: Characterize and Consolidate Issues 

5. Characterize the resources, ecosystems, and human 
communities identified during scoping in terms of their 
response to change and capacity to withstand stresses. 

6. Plan and prepare the Affected Environment chapter. 
Summarize how the resource components have 
historically been shaped and altered by human actions 
and natural events from the environmental reference 
point up to the present. Note residual effects from the 
past that continue to influence present conditions. 

6. Characterize the stresses affecting these resources, 
ecosystems, and human communities and their relation to 
regulatory thresholds 

7. Review the predicted direct and indirect effects of the 
proposed action and its alternatives. Note which are 
considered significant, beneficial, or adverse, and 
criteria and thresholds.  

7. Define a baseline condition for the resources, ecosystems, 
and human communities. 

8. One alternative at a time, prepare a cumulative effects 
assessment (CEA) matrix for each resource component. 

 9. Enter past, current, and reasonably foreseeable future 
external influences into the CEA matrix. 

C. Screening: Identify Potential Cumulative Effects 

8. Identify the important cause-and-effect relationships 
between human activities and resources, ecosystems, and 
human communities. 

10. Enter the appropriate information for each cell in 
summary form so that potential cumulative effects will 
become evident.  

D. Evaluating: Rank by Magnitude and Probability 

9. Determine the magnitude and significance of cumulative 
effects. 

11. Apply significance criteria and thresholds. 

E. Mitigation, Monitoring and Adaptive Management 

10. Modify or add alternatives to avoid, minimize, or mitigate 
significant cumulative effects. 

Same as CEQ step 10. 

11. Monitor the cumulative effects of the selected alternative 
and adapt management. 

Same as CEQ step 11. 

 



 

 

Appendix G.  Maps of the Trans Alaska Pipeline System, 
Proposed Alaskan and Canadian Natural Gas Pipelines, and 

Alaskan Groundfish Fisheries 
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Figure 1.2-1. Subject groundfish fisheries in the Bering Sea and north Pacific.

PPENDIX RAFT ROGRAMMATIC EPTEMBERA A - D P SEIS S 2003401

This page intentionally left blank



Appendix H. The National Environmental Policy Act 

 

 

 

402 



NATIONAL ENVIRONMENTAL POLICY ACT

as amended1

42 U.S.C. § 4321 et seq.

PURPOSE

42 USC 4321
Sec 2. The purposes of this Act are: To declare a national policy which will

encourage productive and enjoyable harmony between man and his environment to
promote efforts 'which will prevent or eliminate damage to the environment and
biosphere and stimulate the health and welfare of man; to enrich the understanding of
the ecological systems and natural resources important to the Nation; and to establish
a Council on Environmental Qualify.

TITLE I - POLICIES AND GOALS

CONGRESSIONAL DECLARATION OF NATIONAL
ENVIRONMENTAL POLICY

42 USC 4331
Sec 101.  (a)  The Congress, recognizes the profound impact of man's activity on the

interrelations of all components of the natural environment, particularly the profound
influences of population. growth, high-density urbanization,  industrial expansion,
resource exploitation, and new and expanding technological advances and recognizes
further the critical importance of restoring and maintaining environmental quality to the
overall welfare and development of man,  declares that it is the continuing policy of the
Federal Government, in cooperation with State and local governments, and other
concerned public and private organizations, to use all practicable means and measures,
including financial and technical assistance, in a manner  calculated to foster and
promote the general welfare, to create and maintain conditions under
which man and  nature can exist in productive harmony, and fulfill the social economic,
and other requirements of present and future generations of Americans.

-------- 
1PL 91-190, January 1, 1970, as amended by PL 94-52, July 3, 1975; PL 94-83, August
9, 1975; PL 99-160, November 25, 1985; PL 100-202, December 22, 1987; PL 100-
404, August 19, 1988; PL 101-144, November 9, 1989, and PL 102-389, October 6,
1992

(b) In order to carry out the policy set forth in this Act, it is the continuing
responsibility of the Federal  Government to use all practicable means, consistent with
other essential considerations of national policy, to improve and coordinate Federal
plans, functions, programs, and resources to the end that the Nation may--

(1) fulfill the responsibilities of each generation as trustee of the
environment for succeeding generations:

(2) assure for all Americans safe, healthful, productive and esthetically and
culturally pleasing. surroundings;

(3)     attain the widest range of beneficial uses of the environment without
degradation, risk to health of safety, or other undesirable and unintended consequences;

(4)         preserve important historic, cultural, and natural aspects of our national
heritage, and maintain wherever possible, an environment which supports diversity and
variety of individual choice;

(5)      achieve a balance between population and resource use which will permit
high standards of living and a wide sharing of life’s amenities; and

(6)      Enhance the quality of renewable resources and approach the maximum
attainable recycling of depletable resources.
   (c) The Congress recognizes that each person should enjoy a healthful environment
and that each person has a responsibility to contribute to the preservation and
enhancement of the environment.

COOPERATION OF AGENCIES, REPORTS, AVAILABILITY OF
INFORMATION-, RECOMMENDATIONS; INTERNATIONAL AND

NATIONAL COORDINATION OF EFFORTS

42 USC 4332
      Sec. 102.  The Congress authorizes and directs that, to the fullest extent possible:
(1) the policies, regulations, and public laws of the United States shall be interpreted
and administered in accordance with the policies set forth in this Act, and (2) all
agencies of the Federal Government shall--

(A)   utilize a systematic, interdisciplinary approach which will insure the
integrated use of  the natural and social sciences and the environmental design arts in
planning and in decisionmaking which may have an impact on man’s environment;

(B)     identify  and develop methods and procedures, in consultation with the
Council on Environmental Quality established by title II of this Act, which will insure
that presently unquantified environmental amenities and values may be given
appropriate consideration in decisionmaking along with economic and technical
considerations;

(C)     Include in every recommendation or report on proposals for legislation and
other major Federal actions significantly affecting the quality of the human
environment, a detailed statement by the responsible official on--
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(i) the environmental impact of the proposed action,
(ii) any adverse environmental effects which cannot be avoided should the

proposal be implemented,
(iii) alternatives to the proposed action,
(iv) the relationship between local short-term uses of man’s environment and

the maintenance and enhancement of long-term productivity, and
(v) any  irreversible and irretrievable commitments of resources which would

be involved in the proposed action should it be implemented.
Prior to making any detailed statement, the responsible Federal official shall consult
with and obtain the comments of any Federal agency which has jurisdiction by law or
special expertise with respect to any environmental impact Involved.  Copies of such
statement and the comments and views of the appropriate Federal, State, and local
agencies, which are authorized to develop and enforce environmental standards, shall
be made available to the President, the Council on Environmental Quality and to the
public as provided by section 552 of title 5, United States Code, and  shall accompany
the proposal through the existing agency review process.

(D) Any detailed statement required under subparagraph (C) after January 1,
1970, for any major Federal action funded under a program of grants to  States shall not
be deemed to be legally insufficient solely  by  reason of having been prepared by a
State agency or official, if

(i) the State agency or official has statewide jurisdiction and has the
responsibility for such action

(ii) the responsible Federal official furnishes guidance and
participates in such preparation,

(iii) after January 1, 1976, the responsible Federal official provides
early notification to, and solicits the views of, any other State or any Federal land
management entity of any action or any alternative thereto which may have significant
impacts upon such State or affected Federal land management entity and, if there is any
disagreement on such impacts, prepares a written assessment of such impacts and views
for incorporation into such detailed statement.
The procedures in this subparagraph shall not relieve the Federal official of his
responsibilities for the scope, objectivity, an d content of the entire statement or of any
other responsibility under this Act: and, further, this subparagraph does not affect the
legal sufficiency of statements prepared by  State agencies with less than statewide
jurisdiction.
               (E)  study, develop, and describe appropriate alternatives to  recommended
courses of action in any proposal which involves unresolved conflicts concerning
alternative uses of available resources; 

(F) recognize the worldwide and long-range character of environmental
problems and, where consistent with the foreign policy of the United States, lend
appropriate support to initiatives, resolutions, and programs designed to maximize
international cooperation in anticipating and preventing a decline in the quality of
mankind's world environment;

(G)  make available to States, counties, municipalities, institutions, and 
individuals,  advice and information useful in restoring, maintaining, and enhancing the

quality of the environment;
(H)   initiate and utilize ecological information in the planning and

development of resource-oriented projects; and
(I) assist  the Council on Environmental Quality established by title II

of this Act.

CONFORMITY OF ADMINISTRATIVE PROCEDURES TO
NATIONAL ENVIRONMENTAL POLICY

42 USC 4333
        Sec. 103 All agencies of the Federal Government shall review their present
statutory authority, administrative regulations, and current policies and procedures for
the purpose of determining whether there are any deficiencies or inconsistencies therein
which prohibit full compliance with the purposes of this Act and shall propose to the
President not later than July 1, 1971, such measures as may be necessary to bring their
authority and policies into conformity with the intent, purposes, and procedures set
forth in this Act.

OTHER STATUTORY OBLIGATIONS OF AGENCIES

42 USC 4334
        Sec. 104.  Nothing in Section 102 or 103 shall in any way affect the specific
statutory, obligations of any Federal agency (1) to comply with criteria or standards of
environmental quality, (2) to coordinate or consult with any  other Federal or State
agency,  or  (3) to act, or refrain from acting contingent upon the recommendations or
certification of any other Federal or State agency.

EFFORTS SUPPLEMENTAL TO EXISTING AUTHORIZATIONS

42 USC 4335
        Sec. 105.  The policies and goals set forth in this Act are supplementary to those
set forth in existing authorizations of  Federal agencies.

            TITLE II - COUNCIL ON ENVIRONMENTAL QUALITY

REPORTS TO CONGRESS; RECOMMENDATIONS FOR LEGISLATION

42 USC 4341
Sec. 201.  The President shall transmit to the Congress annually beginning July

1, 1970, an Environmental Quality Report (hereinafter referred to as the "report") which
shall set forth (1) the status and condition of the major natural manmade, or altered
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environmental classes of the Nation, including, but not limited to, the air, the aquatic,
including marine, estuarine, and fresh water, and the terrestrial environment, including,
but not limited to, the forest, dryland, wetland, rangeland, urban, suburban, and rural
environment;  (2) current and foreseeable trends in the quality,.management and
utilization of such environments and the effects of those trends on the social, economic,
and other requirements of the Nation;, (3) the adequacy of available natural resources
for fulfilling human and economic requirements of the Nation in the light of expected
population pressures;  (4) a review of the programs and activities (including regulatory
activities) of the Federal Government, the State and local governments, and non-
governmental entities or individuals, with particular reference to their effect on the
environment and on the conservation, development and utilization of natural resources
and;  (5) a program for remedying the deficiencies of existing programs and activities,
together with recommendations for legislation.

ESTABLISHMENT; MEMBERSHIP; CHAIRMAN; APPOINTMENTS

42 USC 4342
  Sec. 202.  There is created in the Executive Office of the President a Council on

Environmental Quality (hereinafter referred to as the "council").  The Council shall be
composed of three members who shall be appointed by the President to serve at his
pleasure, by and with the advice and consent of the Senate.  The President shall
designate one of the members of the Council to serve as Chairman.  Each member shall
be a person who, as a result of his training experience, and attainments, is exceptionally
well qualified to analyze and interpret environmental trends and information of all
kinds; to appraise programs and activities of the Federal Government in the light of the
policy set forth in title I of this Act; to be conscious of and responsive to the scientific,
economic, social, esthetic, and cultural needs, and to formulate and recommend
national policies to promote improvement of the quality of the environment.

EMPLOYMENT OF PERSONNEL, EXPERTS AND CONSULTANTS

42 USC 4343
Sec. 203. (a) The Council may employ such officers and employees as may be

necessary to carry out its functions under this Act.  In addition, the Council may
employ and fix the compensation of such experts and consultants as may be necessary
for the carrying out of its functions under this Act, in accordance with section 3109 of
title 5, United States Code (but without regard to the last sentence thereof)..

  (b)  Notwithstanding section 3679(b) of the Revised Statutes (31 U.S.C. 665 (b)), the
Council may accept and employ voluntary and uncompensated services in furtherance
of the purposes of the Council.

DUTIES AND FUNCTIONS

42 USC 4344
      Sec. 204.  It shall be the duty and function of the Council--

(1) to assist and advisee the President in the preparation of the Environmental
Quality Report required by section 201;

(2) to gather timely and authoritative information concerning the conditions and
trends in the quality of the environment both current and prospective, to analyze and
interpret such information for the purpose of determining whether such conditions and
trends are interfering, or are likely to interfere, with  the achievement of the policy set
forth in title I  of this Act, and to compile and submit to the President studies relating
to such  conditions and trends;

(3) to review and appraise the various programs and activities of the Federal
Government in the light of the policy set forth in title I of this Act for the purpose of
determining the extent to which  such programs and activities are contributing to the
achievement of such policy, and to make recommendations to the President with respect
thereto;

(4) to develop and recommend to the President national policies to foster and
promote the improvement of environmental quality to meet the conservation, social,
economics health, and other requirements and goals of the Nation; 
        (5) to conduct investigations, studies, surveys, research, and analyses relating
to ecological systems and environmental quality;
        (6) to document and define changes in the natural environment, including the
plant and animal systems, and to accumulate necessary data and other information
for a continuing analysis of these changes or trends and an interpretation of their
underlying causes;
        (7)  to report at least once each year to the President on the state and condition
of the environment; and

(8) to make and furnish  such  studies, reports thereon, and recommendations
with respect to matters of policy and legislation as the President may request.          

CONSULTATION WITH THE CITIZENS' ADVISORY COMMITTEE ON
ENVIRONMENTAL QUALITY AND OTHER REPRESENTATIVES

42 US C 4345
Sec. 205.  In exercising its powers, functions, and duties under this Act, the

Council shall--
(1)  consult with the Citizens' Advisory Committee on Environmental Quality 

established by Executive Order numbered 11472, dated May 29, 1969, and with
such representatives of science, industry, agriculture, labor, conservation,
organizations, State and local governments and other groups, as it deems advisable;
and

(2)   utilize, to the fullest extent possible, the services,
facilities, and information (including statistical information) of public and private
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agencies and organizations, and individuals, in order that duplication of effort an d
expense may be avoided, thus assuring, that the Council's activities will not
unnecessarily overlap or conflict with similar activities authorized by law and
performed by established agencies.

TENURE AND COMPENSATION OF MEMBERS

42 USC 4346
Sec. 206.  Members of the Council shall serve full time and the Chairman of the

Council shall be compensated at the rate provided for Level II of the Executive
Schedule Pay Rates (5 U.S.C. 5313).  The other members of the Council shall be
compensated at the rate provided for level IV of the Executive Pay Rates (5 U.S.C.
5315).

TRAVEL REIMBURSEMENT BY PRIVATE ORGANIZATIONS AND
FEDERAL, STATE, AND LOCAL GOVERNMENTS

42 USC 4346a
Sec, 207.  The Council may accept reimbursements from any private nonprofit

organization or from any department, agency, or instrumentality of the Federal
Government, any State, or local government, for the reasonable travel expenses
incurred by an officer or employee of the Council in connection with his attendance at
any conference, seminar, or similar meeting conducted for the benefit of the Council.

EXPENDITURES IN SUPPORT OF INTERNATIONAL ACTIVITIES

42 USC 4346b
Sec. 208.  The Council may make expenditures in support of its international activities,
including expenditures for: (1) international travel; (2) activities in implementation of
international agreements; and (3) the support of international exchange programs in the
United States and in foreign countries.

AUTHORIZATION OF APPROPRIATIONS

42 USC 4347
Sec. 209.  There are authorized to be appropriated to carry out the provisions of this

Act not to exceed $300,00 for fiscal year 1970, $700,000 for fiscal year 1971, and
$1,000,000 for each fiscal year thereafter.

    *         *        *

AMENDMENTS THAT DO NOT AMEND

COUNCIL ON ENVIRONMENTAL QUALITY AND OFFICE OF
ENVIRONMENTAL QUALITY

FROM P.L 102-389, OCTOBER 6,-992

For necessary expenses of the Council on. Environmental Quality and the Office of
Environmental  Quality, in carrying out their functions under the National
Environmental Policy Act of 1969 (Public law 91-190), the Environmental Quality
Improvement Act of 1970 (Public Law 91-224), and  Reorganization Plan No. 1 of
1977, including not to exceed $875 for official reception and representation expenses,
and hire of passenger motor vehicles, $2,560,000: Provided, That the Council on
Environmental Quality and Office of Environmental Quality shall reimburse other
agencies for not less than one-half of the personnel compensation costs of  individuals
detailed to it.
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