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Supervisor: Robert G. Paterson

Despite growing disaster losses in the US, hazard mitigation and other forms of
emergency management planning remain fragmented from other ‘mainstream’ local
planning efforts. Surprisingly, there are few examples in local planning where
connections have been made between disaster resilience and green infrastructure
objectives, despite that green infrastructure planning is becoming more widespread as
communities better understand the ecological and human benefits provided by open
space, parkland and other protected natural areas. This is a missed opportunity for
promoting urban resilience, since many green infrastructure functions are complementary
to resiliency goals, and investments in green infrastructure generally resonate with a
broader community constituency than single-function hazard mitigation projects.
In this context, the objective of the dissertation is to test how innovative scenario
planning techniques can be used to draw stronger connections between green
infrastructure and disaster resilience objectives in local community planning. The
following research questions are answered:
(1) Examined retrospectively with historical counterfactual scenarios, how can
modeling past disaster events help demonstrate missed opportunities for green
infrastructure planning approaches to improve resilience?
vi

(2) Examined prospectively with exploratory scenarios, how can modeling
plausible future disasters help inform long-term green infrastructure planning approaches
for improving community resilience?
(3) From the foregoing analyses, what are the strengths and weaknesses of the
integrated scenario planning techniques for generating information flows about green
infrastructure’s role in building community resilience?
The utility of the integrated scenario-based planning approach is beta-tested in the
context of flash flooding in two embedded study areas in the case city of Austin, TX:
Onion Creek and Gilleland Creek. The analysis hinges on a methodological innovation
that combines Geographic Information Systems (GIS), a disaster loss estimation software
(Hazus), and an urbanization model (Envision Tomorrow) to support comparable
assessments of green infrastructure impacts on vulnerability reduction and avoided
disaster losses in addition to baseline sustainability outcomes. Semi-structured interviews
were conducted with nine local planning stakeholders to identify key contextual issues,
assumptions and objectives prior to conducting the scenario analysis.
The study provides a new avenue for integrated resilience planning, in which
relationships between the built environment, natural systems, and social systems are
better understood within local planning efforts. It offers novel scenario-based methods for
revisiting past missed opportunities and exploring plausible future events for generating
information that supports resilient community planning.
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Chapter 1: Introduction
Disaster losses in the United States are growing at an unsustainable trajectory,
outpacing population growth over the past three decades (Gall et al. 2011; A. B. Smith
and Katz 2013). Globally, while loss of life has decreased, capital losses from disasters
have exceeded $2.5 trillion since 2000, which is an average loss of over $16 million per
hour since the turn of the millennium (The United Nations Office for Disaster Risk
Reduction, AECOM, and IBM 2015). In hopes of reversing these trends, federal disaster
policy over the past 40 years has sought to improve local hazard mitigation planning,
with the 2000 Disaster Mitigation Act mandating that mitigation planning be conducted
proactively and updated regularly (Nolon 2009). Despite these efforts, property losses
continue to climb while many of America’s metropolitan areas grow larger, creating
development pressures that promise to put future growth in high-risk areas if left
unchecked (S. L. Cutter and Emrich 2005; S. L. Cutter et al. 2007). Compounding these
challenges are the long-term and cumulative environmental impacts of climate change,
altering weather patterns to potentially bring stronger storm events, longer periods of
drought, more severe heat waves, and growing hazard risk to coastal communities
through sea level rise (IPCC 2014). This raises the question which planners and policymakers must grapple with: Is there a better approach for prioritizing disaster resilience
within local community planning efforts?
Surprisingly, there is still a limited connection between disaster resiliency and
green infrastructure objectives in both local land use and local hazard mitigation
planning, despite growing interest in green infrastructure planning as communities better
understand the ecological and human benefits provided by open space, parkland, and
other protected natural areas (e.g., see R. J. Burby 1998; Beatley 2012; Schwab 2010).
1

Green infrastructure land use planning approaches are increasingly recognized in city
planning as ways to provide multiple and often simultaneous functions that promote
environmental, social and economic health for communities and regions (e.g., see
Benedict and McMahon 2012; Lewis and Knaap 2012; Stein et al. 2014; Tzoulas et al.
2007; US EPA 2014). This momentum is reflected in the growing number of
communities and regions partnering with private and non-profit conservation groups to
conduct “Greenprint” planning (The Conservation Fund 2016; The Trust for Public Land
2016), and major cities turning to concerted green infrastructure approaches for
sustainable stormwater management (City of Chicago 2014; City of Philadelphia 2011;
City of New York 2010). Yet, beyond floodplain regulation & management, there are still
few examples in community planning that comprehensively explore additional green
infrastructure functions that offer potential synergies and/or contradictions for hazard
mitigation and broader efforts to bolster community sustainability and resilience.
Countless recent cases in the US can serve as examples of cases where green
infrastructure approaches to disaster resilience might have significantly reduced losses
while at the same time improving other areas of community or regional sustainability.
One example can be made of the repetitive flooding in Cedar Rapids, Iowa, where the
most recent recovery plan designed a new system of river corridor parks rather than
rebuilding homes and businesses near the floodplain. In this case, green infrastructure
will not only provide loss avoidance in the future, but also create new recreational
amenities, support economic revitalization, reduce stormwater runoff, improve water
quality, and reduce localized temperatures (City of Cedar Rapids 2008).

2

Figure 1: 2008 Flooding in Cedar Rapids, Iowa

Photo: David Greedy/Getty Images

A more nuanced example can be made of the East Bay Hills area, which has
suffered repetitive wildfires including the 1991 Oakland Hills fire that killed 25 people,
destroyed over 3,000 homes, and caused an estimated $1.5 billion in damage (FEMA
2013). A major challenge in this region of California has been the proliferation of
invasive and extremely flammable Tasmanian blue gum eucalyptus trees. In 2013, the
University of California Berkeley, City of Oakland, and the East Bay Regional Park
District were awarded funding from FEMA to initiate invasive vegetation reduction
projects to reduce hazardous fire risk to development in this region. In addition to
improving the resilience outlook of cities in that area, the project will also support
improvements in plant and animal species diversity through replacement of invasive trees
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with native species, promoting improved biodiversity and ecosystem functioning in the
region.
Berke et al. (2015) note that a number of factors may explain this disconnect
between planning silos, including professional compartmentalization, separate funding
streams, and differing state and federal mandates. However, another plausible factor
contributing to this disconnect is the fact that scenario planning methods in emergency
management and more mainstream forms of planning have never been linked to allow
communities to seamlessly explore mainstream planning ideas within the context of
disaster resilience.
This dissertation seeks to test the utility of innovative scenario-based planning
methods and an integrated use of Planning Support Systems (also referred to as Planning
Support Tools) for drawing a stronger connections between green infrastructure and
disaster resiliency objectives in everyday mainstream community planning (including
comprehensive and functional plans). One of the underutilized strengths of scenario
planning lies in the method’s ability to model past conditions in order to retrospectively
explore how alternative planning interventions could have impacted outcomes (using
historical counterfactual scenarios). Applied to resiliency, by examining past outcomes,
it can be seen more clearly how opportunities for increasing community resilience were
overlooked, and in hindsight, how alternative approaches could have improved outcomes
had they been pursued instead. Then, for the purposes of future decision-making in the
context of uncertain environmental conditions, scenario planning methods also present
opportunities to prospectively test green infrastructure and development strategies against
a range of plausible future environmental scenarios (using exploratory scenarios).
The objective of this dissertation is to test the utility of these methodological
improvements through a case study examination of riverine flooding in Austin, Texas, a
4

growing city with complex disaster resilience challenges beyond flooding. Then,
reflecting on these outcomes, alternative long-term GI/land use plans moving forward
will be tested against a range of plausible future hazard and environmental scenarios.
Geographic Information Systems (GIS), disaster loss estimation software, ecosystem
services valuation models and scenario planning support tools in combination when used
appropriately allow for comparable assessments of GI impacts on vulnerability reduction,
avoided property damage and other disaster losses, ecosystem services provision, as well
as important sustainability interests such as economic development, ecosystem health,
and social welfare. While these spatial planning support systems are each valuable in
their own right, this dissertation makes the case that integration of the separate tools
might create unique opportunities to better learn about the consequences of GI
alternatives and better frame the argument for GI interventions to meet multiple quality
of life and community resilience objectives simultaneously.
These issues are critical to consider for a growing number of reasons. Considering
the groundswell of support for GI in recent planning literature, this project will
demonstrate the potential for improving community-based understanding both
retrospectively and prospectively about the opportunities for GI to further community
sustainability and resiliency by making connections during comprehensive or other
functional planning efforts. In doing so, the project seeks to improve on popular scenario
planning frameworks – which have been critiqued for ignoring future environmental
uncertainties, among other noted methodological and participatory shortcomings
(Bartholomew 2007; Chakraborty et al. 2011) – by integrating community sustainability
metrics with disaster loss estimation and ecosystem services valuation models. With these
improvements, scenario planning offers an opportunity to bridge traditionally separate
disciplines in order to better identify GI approaches that are complementary to disaster
5

resiliency as well as community sustainability goals. In practice, multifunctional GI
approaches that can produce quality of life, economic or social benefits in addition to
increased resilience promise to be politically salient and cost-effective compared to prior
hazard mitigation approaches. In contrast, disaster reduction as a "frame" has been
singularly unsuccessful because it generally does not have a constituency to fight for it,
while green infrastructure offers an avenue from multiple constituencies to embrace
resilience for a variety of reasons (e.g., see Beatley 2012b; R. J. Burby 1998, chap. 8).
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Chapter 2: Theoretical Background and Context
The dissertation draws on three primary theoretical threads to support its research
questions and design: Sustainable Development & Scenario Planning, Green
Infrastructure Planning, and Community Resilience Planning. The following sections
discuss the theoretical and practice-based foundations for the research.
SUSTAINABLE DEVELOPMENT AND THE ROLE OF SCENARIO PLANNING
Over the past two decades land use planners in the US adopted sustainability as a
leading framework for comprehensive community and regional planning efforts
(Randolph 2004; P. Berke and Kaiser 2006). Sustainability has several definitions and
has inspired many conceptual diagrams; thus its incorporation in land use planning has
taken several forms. The necessity for sustainable development was first identified in the
1987 Brundtland Commission report Our Common Future, which outlined the crisis
facing the ability of the earth’s resources to support a growing human population with
increasing levels of development, growing problems associated with urban sprawl, and
emerging challenges such as climate change and peak oil. The report defined sustainable
development as “development that meets the needs of the present generation without
compromising the ability of future generations to meet their own needs” (Brundtland et
al. 1987). Significantly, the report set forth an integrated and holistic vision of sustainable
development, in which poverty, health, and economic growth and equity are just as
important as environmental health.
Campbell’s (1996) seminal article depicted the ‘Planner’s Triangle’ conceptual
model, shown in Figure 2, which illustrates the core competing goals of economic
development, environmental protection, and social equity (often referred to as the three
E’s in planning), and the tensions between these goals. Alternative conceptions of
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sustainable land use planning have since been offered, including Godschalk’s (2004)
Sustainability/Livability Prism, which integrates a ‘Livability’ objective into the
framework, with corresponding value conflicts. In any case, in addition to these core
principles, sustainability planning requires discussion within a community of what
sustainability means for that specific context.
Figure 2: Campbell’s (1996) Conception of Sustainable Development

Building on a growing body of evidence, sustainable development has become
widely endorsed by national and international planning and policy leaders. Perhaps the
most well-known was the United Nations’ Agenda 21, adopted during the 1992 UN
Conference on Environment and Development, which set forth an agenda to guide
sustainable development that has grown to 17 sustainable development goals and 169
associated targets in its latest iteration in 2015 (United Nations 1992, 2015). The US EPA
has embraced sustainable development through its Smart Growth program, similar to
8

other compact and connected development models such as New Urbanism that seek to
support more sustainable communities in the US (US EPA 2015b).
Land-development scenarios as a means of representing the future have been in
the planner's toolkit for several decades (Xiang and Clarke 2003). The approach, known
as scenario planning, can trace its roots to the 1950s with the Rand Corporation’s series
of strategic studies for military planning (Xiang and Clarke 2003). Strategist Herman
Kahn (1967) defined ‘scenarios’ as “hypothetical sequences of events constructed for the
purpose of focusing attention on causal processes and decision-points” (Shearer 2005;
Xiang and Clarke 2003). Land use-transportation scenario planning processes as they are
now conducted have their roots in the ‘3C’ planning process of ‘alternatives’ analyses
mandated by the Federal-Aid Highway Act of 1962 and the environmental impact
reporting requirements of NEPA, the National Environmental Policy Act of 1970
(Bartholomew 2007; Chakraborty et al. 2011). Portland Metro pioneered the explicit use
of scenarios for planning at the metropolitan scale in the early 1990s with the Portland
2040 plan, and ushered in the era of regional vision plans utilizing the scenario
framework (Bartholomew, 2007; Chakraborty et al, 2011). Displaying the approach’s
growth since, the US government mandated the use of scenarios in the latest round of
U.S. Housing and Urban Development (HUD) Sustainable Communities Planning and
Implementation grants (U.S. Department of Housing and Urban Development 2010). It is
also widely used in the creation of regional transportation plans for annual federal fiscal
allocations.
At its most basic level scenario planning offers a process for communities to
explore alternative futures, typically within a collaborative workshop setting. The
consequences of alternative futures are explored by diverse interests, and ultimately a
preferred scenario is collectively selected by workshop participants. While there are
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several paths to successful citizen participation in planning (e.g., see Connor 1988;
Creighton 1994; Forester 1999), Berke and Kaiser (2006) focus on scenario testing and
visioning as effective techniques for creating a fair yet efficient process where control of
the planning agenda and direction is shared with stakeholders as part of a broader
inclusive collaborative planning program. When participatory processes are done well in
this context, it can create an environment where community members can develop shared
perceptions of alternative futures, learn together about the consequences of these futures,
and develop a shared appreciation for the selected preferred future (Wollenberg,
Edmunds, and Buck 2000).
Scenario planning processes are often aided by analytic GIS-based software tools
(i.e. Planning Support Systems (PSS)) that enable planners to assess and report back
information on future development scenarios with the use of feedback indicators. As a
result of scenario planning’s growing role in sustainable community planning, PSS with
increasing analytical capabilities are being developed by practitioners and academics,
often in collaboration (Holway 2011; Holway et al. 2012). For example, the University of
Texas and University of Utah have collaborated with Fregonese Associates to expand the
analytical capabilities of Envision Tomorrow (ET) to include more sophisticated
transportation, housing and ecosystem services indicators (e.g., see Hilde and Paterson
2014).
In more recent years attention has turned from sustainability to resilience as an
organizing concept, although their goals are somewhat overlapping. For example, the UN
recently recognized that sustainable development practices improve community resilience
to climate change, and that taking action on climate change will in turn serve to further
bolster sustainable development practices (United Nations 2015). Cutter et al. (2008)
contend that since “resilience of a community is inextricably linked to the condition of
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the environment and the treatment of its resources…the concept of sustainability is
central to the studies of resilience.” Thus moving forward there is a growing
understanding that sustainable cities are also resilient cities, and vice versa. With this in
mind, the next section summarizes how resilience has become an important and related
theoretical thread in community planning.
FROM HAZARD MITIGATION TO DISASTER RESISTANT CITIES
Disasters and hazards such as earthquakes and famine have existed since the early
periods of civilization, when they were viewed as external, inevitable ‘acts of God’
(Covello and Mumpower 1985). Disaster resilience goals in US policy stems back to the
mid-20th century, when Gilbert White (1945) first introduced a social perspective into
hazard mitigation, seeking a better understanding of the interactions between hazards and
people, and questioned whether any hazard was truly ‘natural.’ Following the 1964
Alaskan earthquake, the US government requested an evaluation of what was known
about human occupation of hazard zones, the range of potential societal adjustments to
natural hazards, and the social acceptance or tolerance of risk (S. L. Cutter et al. 2008).
White and Hass (G. F. White and Haas 1975) subsequently published the “Assessment of
Research on Natural Hazards” (i.e. First Assessment), which concluded that potential
losses from natural hazards were rising and the nation’s vulnerability to them was
increasing due to suburbanization with more residences and businesses in floodplains,
seismic zones, and coastal locations. For the first time, hazards began to be viewed as
phenomena that were strongly linked to individual human decisions to settle and develop
hazard-prone land. (Mileti and Gailus 2005). Additionally, this progression included a
new recognition of ‘man-made’ or technological hazards such as environmental pollution
(Burton and Kates 1963).
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Nearly three decades later, the Second Assessment furthered the emphasis on the
interactions between natural and human systems, the built environment, and the role of
human agency in producing hazards and disasters, and called for a new approach for
planning disaster-resistant communities (Mileti 1999). The new approach recognized a
close connection to sustainable development, in that unsustainable land and
environmental practices oftentimes increased societal vulnerability. In addition, the
assessment identified land use planning the single-most promising approach for bringing
about sustainable hazard mitigation.
By this time, hazards research was distributed amongst several academic
disciplines, which Mileti et al. (Mileti et al. 1995) grouped into two main theoretical
perspectives. The first and dominant paradigm was the behavioral paradigm, inspired by
the contributions of White, in which physical scientists took a hazard-based approach
using a mixture of technical solutions along with non-technical disaster responses derived
from human ecology (Alexander 1999; Bryant 1991; Chapman 1994; McGuire, Mason,
and Kilburn 2002). The second, more radical and internationally-oriented structuralist
paradigm was led by social scientists to adopt a cross-hazard, disaster-based view of
social failures and the need to improve human responses to mass emergency (Alexander
2000; Hewitt 1997; Tobin and Montz 1997).
The strengths of both the hazards-based and disaster-based approaches have
recently been integrated in an holistic paradigm, sustainable hazard mitigation, which
seeks to “mesh disaster reduction strategies into an ongoing development agenda for a
changing world” (Mileti & Myers, 1997; in Smith, 2004). The approach was embraced by
the UN International Strategy for Disaster Reduction (ISDR) in 2003 (International
Strategy for Disaster Reduction 2004). Smith (2004) summarizes the ISDR interpretation
of the approach as “(1) delivering disaster reduction effectively to the people most at risk
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in ways that are financially, environmentally, and culturally sensitive; (2) using
mitigation methods previously agreed through public consultation and involvement that
are flexible enough to meet both current and future needs; (3) training communities to
take more direct responsibility for disaster reduction; and (4) resisting the powerful
voices calling for a quick return to ‘normal’ after a disaster if ‘normal’ conditions are
unsustainable.”
Shown in Table 1, environmental hazards as they are now considered include
natural & technological hazards, as well as hazards related to long-term global
environmental change. At its broadest level, an ‘environmental hazard’ can include any
process acting through the environment to create unexpected premature human or
economic harm. Smith (2004, p. 8) limits his book to examining “more extreme events
that directly threaten human life and property by means of acute physical or chemical
trauma on a scale sufficient to cause a ‘disaster.’” He notes that “acute bodily trauma,
plus any related damage to property or the environment, usually follows the sudden
release of energy or materials in concentrations greatly in excess of normal background
levels.” Put another way, the term ‘environmental hazard’ captures “the threat potential
posed to man or nature by events originating in, or transmitted by, the natural or built
environment” (Kates 1978).
In the US, there is still much progress to be made towards the development of
disaster resilient cities through hazard mitigation, or any action taken to reduce or avoid
risk or damage from hazard events (D. Godschalk 2003; Mileti 1999). Historically,
federal policies have served to limit local hazard mitigation planning by fostering
development in areas of high hazard risk through an emphasis on risk-reduction measures
such as seawalls, dams and levees, and risk-sharing strategies such disaster relief
payments, income tax write-offs for lost property, and a national flood insurance program
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(P. R. Berke and Campanella 2006; R. J. Burby et al. 1999). These strategies have led
communities to often overlook risk-avoidance strategies premised on proactive land use
planning that guides development away from hazardous areas to safer locations, and have
done little to curb disaster losses (David Godschalk et al. 1998). Additionally, federallysupported mitigation projects at the state and local level have typically been driven by
reactive plans that are put together during the disaster recovery period rather than
beforehand (P. R. Berke and Campanella 2006).
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Table 1: Major Categories of Environmental Hazards
1. Natural hazards (extreme geophysical and biological events)
Geologic
Earthquakes, volcanic eruptions, landslides, avalanches
Atmospheric
Tropical cyclones, tornadoes, hail, ice and snow
Hydrologic
River floods, coastal floods, drought
Biologic
Epidemic diseases, wildfires
2. Technological hazards (major accidents)
Transport accidents
Air accidents, train crashes, ship wrecks
Industrial failures
Explosions and fires, release of toxic or radioactive materials
Unsafe public buildings and facilities
Structural collapse, fire
Hazardous materials
Storage, transport, misuse of materials
3. Context hazards (global environmental change)
International air pollution
Climate change, sea-level rise
Environmental degradation
Deforestation, desertification, loss of natural resources
Land pressure
Intensive urbanization, concentration of basic facilities
Super hazards
Catastrophic earth changes, impact from near-Earth objects
Source: Smith 2005

Scholars agree that preventative land use planning remains one of the most
promising sustainable hazard mitigation approaches (National Research Council 2006,
2015). The strategy can guide new community growth away from current and forecasted
high-hazard areas, help property owners relocate existing development to safer sites, and
manage post-disaster redevelopment to reduce future vulnerability (P. Berke et al. 2015;
R. J. Burby et al. 1999; David Godschalk et al. 1998). Thus comprehensive, functional
and district planning, the most common forms of land use planning at the local level, are
now widely considered to have a prominent role in improving disaster resilience due to
(1) their coordination of development and land use, (2) their ability to account for a broad
array of community goals, (3) their role involving a larger number of citizens to facilitate
consensus building, (4) their standing with the local government and elected officials as a
community policy guide, and (5) their establishment of a rational nexus between public
interest and implementation activities for political and legal defensibility (P. Berke et al.
2006; R. Burby et al. 2000; D. Godschalk 2003). The integrated nature of these plans can
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help communities discover the potential for accommodating economic development and
population growth in areas of less risk (R. Burby et al. 2000).
The reality is that communities for the most part still have not considered hazard
mitigation as a significant component of their holistic planning programs (P. R. Berke
1998; P. Berke et al. 2015). Known as the ‘local paradox,’ local governments often fail to
adopt mitigation policies and practices even though disaster losses are primarily local (R.
J. Burby 2006). At the turn of the millennium only 11 states had mandated a hazard
mitigation element in community comprehensive planning (P. R. Berke and Campanella
2006). Mileti (1999) points to the low priority of hazards on local action agendas relative
to other issues such as unemployment, crime, housing, and education. In addition
mitigation actions are not always as visible as infrastructure such as roads and schools.
They are also unattractive politically; while costs are paid in the short term, benefits are
not likely to occur during the terms of elected officials. As noted in a recent article by
Berke et al. (2015), most communities develop multiple and independent local plans
(e.g., comprehensive plan, hazard mitigation plan, functional plans, regional growth
management plans, parks and recreation plan, open space plans) in which hazard
mitigation elements are poorly integrated (R. J. Burby et al. 1999; David Godschalk et al.
1998).
Conceptualizing Vulnerability & Resilience
The concepts of vulnerability and resilience have roots in many disciplines
including hazards, ecology, psychology, sociology, geography, and public health, and
have more recently become highly influential in community planning (Peacock et al.
2010). At its most basic level in disaster or hazard planning, vulnerability to
environmental hazards means the potential for loss, which varies geographically, over
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time, and among different social groups (S. L. Cutter, Boruff, and Shirley 2003).
Generally speaking, resilience lies on one end of a continuum opposite of vulnerability,
where the less vulnerable a community is to suffering disaster losses, the more resilient it
is. However, both terms have various connotations, depending on the research orientation
and perspective (S. Cutter 1996; S. L. Cutter 2002; Dow 1992).
An early conception of vulnerability was made in a 1970 American Journal of
Public Health editorial, which conceptualizes the “ecology of non-living environmental
hazards and their interactions,” in order to understand the problems of “physical hazards
and their interrelationships with man and other components of the biosphere of which
both are a part” (Haddon Jr. 1970). The editorial defined vulnerability as the relationships
between susceptibility to harm and causes of harm. Table 2 summarizes how humans can
alter these relationships, often by reducing their susceptibility to the hazard even in cases
where the cause of the hazard itself can’t be altered (Haddon Jr. 1970).
Since the editorial was written, vulnerability has been understood in many ways,
depending on the epistemological orientation and methodological practices of the
researcher, as well as the hazard under examination and the planning context (Blaikie et
al. 1994; S. L. Cutter 1993; Gabor and Griffith 1980; Kates 1985; Timmerman 1981).
Interpretations of vulnerability can be categorized into three groups: (1) vulnerability as
risk/hazard exposure, characterized by a focus on the distribution of a biophysical
hazardous condition, the human occupancy of the hazardous zone, the vulnerability
reduction in the built environment, and the degree of loss associated with the occurrence
of a particular event; (2) vulnerability as social response, a condition rooted in historical,
cultural, social and economic processes that impinge on the ability to cope with disasters
and adequately respond to them; and (3) vulnerability as hazard of place, in which
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vulnerability is conceived as both a biophysical risk as well as a social response (S.
Cutter 1996).
Cutter’s (1996) ‘hazards-of-place’ model of vulnerability, shown in Figure 3, has
been a significant contribution to the hazards literature. She defines vulnerability as “the
pre-event, inherent characteristics of qualities of social systems that create the potential
for harm… a function of the exposure (who or what is at risk) and sensitivity of system
(the degree to which people and places can be harmed)” (S. L. Cutter et al. 2008). Her
model portrays “the intersection and interaction of both the social vulnerability and
biophysical/technological vulnerability that create the vulnerability of places.” In other
words, hazard potential is filtered through social and geographic context to determine
vulnerability of place. In Cutter’s model, both the built environment and social
characteristics are included in the social fabric that determines social vulnerability.
Biophysical vulnerability, on the other hand, is generated purely by geographic context.
Important to note is that all of the parameters of the model change over time. Building on
the hazards of place model, Cutter, Boruff, & Shirley (2003) later calculated a Social
Vulnerability Index for the US, based on factors determined to influence social
vulnerability such as personal wealth, age, race and ethnicity, density of the built
environment, single-sector economic dependence, housing stock and tenancy, occupation,
and infrastructure dependence.
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Table 2: Methods for Altering Vulnerability Relationships
Strategy
1. Prevent the marshalling of the form of energy in the
first place
2. Reduce the amount of energy marshalled
3. Prevent the release of the energy
4. Modify the rate or spatial distribution of release of
the energy from its source
5. Separate in space or time the energy being released
from the susceptible structure
6. Separation by interposition of a material barrier
7. Modify the contact surface (eliminate corners and
edges; soften)
8. Strengthen the structure that might be damaged by
the energy transfer
9. Move rapidly in detection and evaluation of damage
that has occurred or is occurring, and to counter its
continuation and extension
10. Measures between emergency period and final
stabilization

Example
1. Prevent the build-up of hurricanes,
tornadoes, or tectonic stresses
2. Reduce speed of vehicles
3. Prevent the undermining of cliffs
4. Reduce speed of water flow
5.

Pre-storm evacuation; land use mitigation

6.
7.

Flood wall
Architecture & design

8.

Tougher codes for earthquake, fire and
hurricane resistance
Disaster preparedness/response

9.

10. Disaster recovery
Source: Haddon Jr. 1970

Cutter notes that numerous frameworks, conceptual models, and vulnerability
assessment techniques have advanced the theoretical underpinnings and practical
applications of vulnerability in planning. Despite their differences she identifies common
elements between these interpretations: (1) examination from a social-ecological
perspective; (2) the importance of place-based studies; (3) conceptualization of
vulnerability as an equity or human rights issue; and (4) the use of vulnerability
assessments to identify hazard zones, thereby forming the basis for pre-impact and hazard
mitigation planning (S. L. Cutter et al. 2008).
Berke et al.'s (2015) recent conceptual development of a resilience scorecard
defined vulnerability as the “susceptibility of people and the built environment to loss
from hazards,” which is similar to the ‘vulnerability of place’ approach. The paper
defines physical vulnerability as the “susceptibility to losses based on exposure to
hazards and characteristics of the built environment,” including characteristics such as the
value and structural integrity of residential, commercial and other structures. Social
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vulnerability is “associated with characteristics of certain populations that affect their
capacity and resources to respond to hazards,” including age, language capacity, income
and education. This approach is slightly different than Cutter’s conception of
vulnerability in that it treats the built environment as a physical rather than social element
of vulnerability. Nonetheless, both approaches are useful for sustainable community
planners due to their integrated nature in which human and environmental systems
interact.
Recently the literature has moved towards a focus on resilience over vulnerability
when planning for disasters and environmental hazards. The first conceptions of
resilience came during the 1970s, when it was used to describe a “measure of the
persistence of systems and their ability to absorb change and disturbance and still
maintain the same relationships between populations or state variables” (Holling 1973).
After further conceptualization by global environmental change research, resilience
became defined as “a system’s capacity to absorb disturbance and re-organize into a fully
functioning system,” including not only the system’s capacity to return to its prior state,
but also to advance the state through learning and adaptation (Adger et al. 2005; Folke
2006; Klein, Nicholls, and Thomalla 2003). Often incorporated with resilience is the idea
of adaptive capacity, which is the ability of a system to adjust to change, moderate the
effects, and cope with a disturbance (Brooks, Adger, and Kelly 2005; Burton et al. 2002).
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Figure 3: Hazards-of-Place Model of Vulnerability

Source: Cutter et al. 2003

In hazards planning, resilience is refined to mean “the ability to survive and cope
with a disaster with minimum impact and damage” (P. R. Berke and Campanella 2006;
National Research Council 2006). This definition incorporates the capacity to reduce or
avoid losses, contain the effects of disasters, and recover with minimal societal impact.
Making connections to sustainable community objectives, (Vale and Campanella 2005)
elaborated on the definition to also include the ability to create a greater sense of place
among residents; a stronger, more diverse economy, and a more economically integrated
and diverse population. Hazard mitigation is a key idea with a similar connotation to
adaptive capacity, and like adaption, can act to increase society’s resilience to hazards (R.
Burby et al. 2000).
Like vulnerability, resilience is a dynamic process, but for measurement purposes
is often viewed as a static phenomenon. Resilience potentially becomes a more useful
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concept, especially in planning applications, when conceptualized as a process rather than
an outcome. Oftentimes in hazards research, resilience is considered an outcome when
defined as the ability to bounce back or cope with a hazard event, and conceptually
imbedded within vulnerability (see Figure 4). When considered as a process, resilience is
defined more in terms of “continual learning and taking responsibility for making better
decisions to improve the capacity to handle hazards” (S. L. Cutter et al. 2008). In this
conception, adaptive capacity (i.e. mitigation) is embedded as a component of resilience.
Figure 4: Conceptual linkages between vulnerability & resilience in hazards research

Source: Cutter et al. 2008

Cutter et al. (2008) recently introduced the ‘Disaster Resilience of Place (DROP)’
model for disaster resilience, where resilience is defined as “the ability of a social system
to respond and recover from disasters and includes those conditions that allow the system
to absorb impacts and cope with an event, as well as post-event, adaptive processes that
facilitate the ability of the social system to re-organize, change, and learn in response to a
threat.” The model considers inherent conditions, which are a product of “place-specific
multi-scalar processes that occur within and between social, natural and built
environment systems,” including processes at the local scale producing endogenous
factors and at the broader scale producing exogenous factors. Antecedent conditions
interact with the hazard event characteristics (i.e., frequency, duration, intensity,
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magnitude, and rate of onset) to produce immediate effects, which are reduced or
heightened depending on the presence or absence of mitigating actions and coping
responses in the community. The degree of recovery is thought of as a continuum ranging
from high to low, depending on whether the community’s absorptive capacity was
exceeded as well as whether an adaptive resilience process followed the event. The
degree of recovery and the potential knowledge gained from the adaptive resilience
process influence the state of the social, natural and built environment systems and the
resulting preceding conditions for the next event.
The current U.N. Development Agenda recognizes that disaster risk and resilience
received insufficient emphasis in the original Millennium Development Goals, in light of
the significant relationship between disasters and development (United Nations
International Strategy for Disaster Reduction 2012). Building on the Yokohama strategy
and in recognition of the need to address the multidimensional aspects of disaster risk
from a development perspective, the Hyogo Framework for Action 2005-2015: Building
the Resilience of Nations and Communities to Disasters was adopted at the World
Conference on Disaster Reduction in 2005. It provides guidance for how disaster risk
reduction is a critical piece to achieving sustainable development, calling it a “crosscutting issue” in need of clearly defined, agreed and monitored goals and targets around
disaster risk reduction and resilience (ISDR 2005).
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Figure 5: Disaster Resilience of Place (DROP) Model

Source: Cutter et al. 2008

The Sendai Framework for Disaster Risk Reduction 2015-2030 is the first global
policy framework of the UN’s post-2015 agenda, and builds upon the Hyogo framework
by putting human health, resilience, and well-being higher up the disaster risk reduction
agenda (Aitsi-Selmi et al. 2015). The new framework’s goal is to “prevent new and
reduce existing disaster risk through the implementation of integrated and inclusive
economic, structural, legal, social, health, cultural, educational, environmental,
technological, political and institutional measures that prevent and reduce hazard
exposure and vulnerability to disaster, increase preparedness for response and recovery,
and thus strengthen resilience” (UNISDR 2015b). The plan identifies four priority areas
for focused attention within and across sectors of government from the local to global
scales: (1) understanding disaster risk; (2) strengthening disaster risk governance to
manage disaster risk; (3) investing in disaster risk reduction for resilience; and (4)
enhancing disaster preparedness for effective response and to ‘build back better’ in
recovery, rehabilitation and reconstruction.
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The UNISDR has developed a “Ten Essentials for Making Cities Resilient”
operational framework to accelerate implementation of the Sendai Framework at the local
level (UNISDR 2012, 2015a). In partnership with private sector organizations AECOM
and IBM, a Resilience Scorecard was recently developed to provide a set of assessments
that will allow cities to understand how resilient they are to natural disasters, to identify
priorities for investment and action, and track progress in improving disaster resilience
over time (UNISDR, IBM, and AECOM 2014). While the scorecard provides a
normative definition of disaster resilience, in which most cities wouldn’t score higher
than 50% of the maximum, it provides further guidance for cities towards optimal
disaster resilience, and provides specific steps towards improving each essential element
of resilience. The ten elements, listed in Table 3, highlight the important roles of risk
assessment (including the use of probable and worst-case future risk scenarios), land use
planning and the planning of the built environment, and ecosystem service provision in
building community resilience.
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Table 3: The United Nations Ten Essential Elements for Resilience
Essential Element
1.

Organize for Resilience

2.

Identify, Understand and Use
Current and Future Risk
Scenarios

3.

Strengthen Financial Capacity
for Resilience

4.

Pursue Resilient Urban
Development

5.

Safeguard Natural Buffers to
Enhance the Protective
Functions Offered by Natural
Ecosystems

6.

Strengthen Institutional
Capacity for Resilience

7.

Increase societal and cultural
resilience

8.

Increase Infrastructure
Resilience

9.

Ensure Effective Disaster
Response

10. Expedite Recovery and Build
Back Better

Description
Put in place an organizational structure and identify the necessary
processes to understand and act on reducing exposure, its impact and
vulnerability to natural disasters.
City Governments should identify and understand their risk scenarios, and
ensure that all stakeholders both contribute to, and recognize, these. Risk
scenarios should identify hazards, exposures and vulnerabilities in at least
the “most probable” and “most severe” (“worst-case”) scenarios.
Understand the economic impact of disasters and the need for investment
in resilience. Identify and develop financial mechanisms that can support
resilience activities.
The built environment needs to be assessed and made resilient as
applicable, building on the scenarios and risk maps from Essential 2.
Identification, monitoring and protection of critical ecosystem services that
confer a disaster resilience benefit. Relevant ecosystem services may
include, but are not limited to: water retention or water infiltration;
afforestation; urban vegetation; floodplains; sand dunes; mangrove and
other coastal vegetation; and pollination. Many ecosystem services that are
relevant to the city’s resilience may be provided well outside its
geographical area.
Ensure that all institutions relevant to a city’s resilience have the
capabilities they need to discharge their roles. “Institutions” include, as
applicable, central, state and local government organizations; private
sector organizations providing public services; (depending on locale, this
may include phone, water, energy, healthcare, road operations, waste
collection companies and others as well as those volunteering capacity or
equipment in the event of a disaster); industrial facility owners and
operators; building owners (individual or corporate); NGOs; professional,
employers’ and labor organizations; and cultural and civil society
organizations.
Social “connectedness” and a culture of mutual help has a major impact on
the actual outcomes of disasters of any given magnitude.
Understanding how critical infrastructure systems will cope with disasters
the city might experience (see essential 2) and developing contingencies to
manage risks caused by these outcomes.
Building on the scenarios in Essential 2, ensure effective disaster response.
Ensure that the needs of the survivors and affected community are placed
at the center of recovery and reconstruction with support for them and
their community organizations to design and implement rebuilding shelter,
assets and livelihoods at higher standards of resilience. Planners should
ensure that the recovery programs are consistent and in line with the longterm priorities and development of the disaster affected areas.
Source: UNISDR, IBM, & AECOM 2014

For the purposes of comprehensive and physical planning, three important
distinctions present themselves between theories of sustainability and resilience: (1)
Resilience brings heightened understanding and acknowledgement of risk, which humans
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can only control to a certain extent (by decreasing vulnerability through exposure
reduction); (2) The built environment can be designed to not only improve quality of life,
but also decrease vulnerability to disasters, emphasizing even further attention to its
implications and the rationale for comprehensive planning efforts; and (3) Ecosystem
health and functioning goes beyond an understanding of environmental quality as merely
clean air and water, to conceptualize natural areas as interconnected ecosystems that
provide important functions that are essential for the support of human society. The third
distinction speaks to concepts of green infrastructure, which is the third branch of theory
on which this research builds upon.
GREEN INFRASTRUCTURE: OFFERING ECOSYSTEM SERVICES WITH BENEFICIAL URBAN
FUNCTIONS
Green infrastructure (GI) is broadly defined by Benedict and McMahon (2012) as
the “ecological framework for environmental, social, and economic health – in short, our
natural life-support system.” Used as a noun, GI is the “interconnected network of natural
areas and other open spaces that conserves natural ecosystem values and functions,
sustains clean air and water, and provides a wide array of benefits to people and
wildlife.” Used as an adjective, GI describes a “process that promotes a systematic and
strategic approach to land conservation at the national, state, regional and local scales,
encouraging land use planning and practices that are good for nature and for people.”
Benedict & McMahon differentiate GI from conventional approaches to land
conservation and natural resource protection because it looks at conservation in concert
with land development and man-made infrastructure planning in order to optimize the use
of land to meet the needs of both people and nature. Defined this way, GI can be
understood as a land use approach applicable at a variety of scales, providing a
framework that can be used to guide future growth and future land development and land
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conservation decisions to accommodate population growth while protecting community
assets and natural resources.
The concept of GI dates back 150 years to the ideas and actions taken to conserve
nature through national and state parks; wildlife refuges; forest, river, wetland and
wilderness protection; and development planning and design in relation to nature in the
disciplines of urban planning and landscape design. Furthered by influential designers
and planners such as Frederick Olmsted, Ebenezer Howard, and Benton MacKaye, GI
elements such as urban parks and greenbelts began to be increasingly recognized as
beneficial to city dwellers as industrialization and the use of automobiles in the US
progressed. The rise of ecology as a science in the early 20th century led to the growth of
landscape ecology, which focused holistically on the spatial arrangement of elements in
the landscape and how their distribution affected the distribution and flow of energy and
individuals in the environment. In his 1969 book Design with Nature, which remains an
authoritative contribution, Ian McHarg (1969) argued that urban planners should consider
an environmentally conscious approach to land use, and provided a method using map
overlays for evaluating and implementing this approach (Steiner 2006).
The need for urban GI investments is growing as the earth becomes more
urbanized. The United States Environmental Protection Agency (2001) and others have
identified a variety of urban environmental problems arising from rapid urbanization and
development patterns, including habitat loss and fragmentation, water resources
degradation, and the urban heat island effect. In light of these trends the Millennium
Ecosystem Assessment (2003) advised community decision-making to consider the
sound management of urban ecosystems, which extensive research has shown provide a
wide range of benefits important to both public and biological health (e.g., see Bolund
and Hunhammar 1999; Daily 1997; Geneletti 2013). GI planning approaches offer
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opportunities to mitigate ecosystem degradation while providing important services and
functions that support human health and well-being (e.g., see Lewis and Knaap 2012;
Tzoulas et al. 2007; US EPA 2014).
Benedict and McMahon (2012) emphasize the benefits of a comprehensive and
proactive GI approach to land conservation and development. It supports healthy
biodiversity—variability within and between ecosystems and species—which sustains
human life by providing people with food, medicine, and shelter. The greatest threats to
biodiversity include habitat loss and degradation and invasive species, which are both
related to urban sprawl growth. Forests, wetlands and other open spaces provide
important environmental functions, including flood mitigation through intercepting and
storing water which reduces and slows runoff. Additionally, trees in urban areas remove
and store carbon, reduce stormwater runoff, and help to cool cities.
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Figure 6: Ecosystem Services and their Links to Human Well-Being

Source: Benedict & McMahon 2012
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The benefits that people obtain from ecosystems have been conceptualized as
ecosystem services, which include provisioning services such as food and water;
regulating services such as regulation of floods, drought, land degradation, and disease;
supporting services such as soil formation and nutrient cycling; and cultural services such
as recreational, spiritual, religious and other nonmaterial benefits (Millennium Ecosystem
Assessment 2003).
Ecosystem services produce economic value through pollution reduction,
recreation value, flood damage prevention, storm water retention, reduced stormwater
runoff, carbon storage and sequestration, attracted tourism, increased real estate values,
the economic impact of working lands, and attraction of businesses and retirees. One
assessment estimated the average dollar value of the world’s ecosystem services at $33
trillion per year (Costanza et al. 1997). In another example, the nonprofit American
Forests estimates that trees in the nation’s metropolitan areas contribute $400 billion in
storm water retention by eliminating the need for storm water retention facilities (Lerner
and Poole 1999). The reliable and defensible estimation of ecosystem services and their
economic valuation is still a relatively nascent research field with room for improvement
in terms of characterizing and quantifying the benefits of GI, how these can be better
modeled and monitored, and then credibly applied to policymaking (National Academy
of Sciences 2013; Pincetl et al. 2012).

31

Figure 7: Sustainability Pyramid based on a Viable Ecosystem

Source: Williamson 2003

Conservation biology research has contributed to the concept of network design,
which is the spatial arrangement of GI elements that considers not only the size but also
connectivity of features as determinants of landscape health. For example, principles for
designing nature preserves state that, if all else is equal, large reserves are better than
small reserves; a single large reserve is better than several small ones of equivalent total
area; reserves close together are better than reserves that are far apart; rounded reserves
are better than long, thin ones; reserves clustered compactly are better than reserves in a
line; and reserves that are connected by corridors are better than unconnected reserves
(IUCN and others 1980). In GI planning, network design is typically accomplished
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through the use of hubs (the highest-quality, largest, and least fragmented ecological
assets) and links (connections that tie GI systems together) (Benedict and McMahon
2012).
Fundamental to planning a GI system is considering how to prioritize
conservation needs and target time and funding resources to the top priorities. Several
research disciplines including landscape ecology have contributed to the study of how
conservation planning and design can balance natural resource values with sustainable
development and community economics. Several mapping processes to identify networks
of conservation areas have been developed, including a highly replicated method
developed by the Nature Conservancy and GIS-based models used by Florida and
Maryland to create statewide GI networks (Benedict and McMahon 2012). Ultimately,
community members and planners must decide through a participatory process which GI
features and attributes are most important to them, whether they are associated primarily
with natural ecosystem values and functions or with benefits to people. Table 4 lists
common features that make up GI networks.
In US practice, GI systems are typically a patchwork of public and private lands
that are protected from urban development through conservation tools such as fee-simple
land acquisition, conservation easements, transfers or purchases of development rights, as
well as regulatory approaches such as zoning and conservation/mitigation banking. In
what Benedict & McMahon (2012) termed the implementation quilt, these available
resources must be weaved together to match the needs of a GI network. In order to
implement a GI vision, an array of public, private and non-profit projects must be
coordinated through holistic planning efforts. Local, state and federal levels of
government, along with private conservation organizations such as the Conservation
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Fund, the Nature Conservancy, the Trust for Public Land, and local, regional and
statewide land trusts, all play a role in implementing a GI vision.
A large body of evidence shows that a wide array of benefits are realized through
a comprehensive and proactive GI approach to land development and conservation. These
benefits can be immediate or long-term, and are often taken for granted, especially in
urban areas. Generally speaking, GI supports biodiversity of animals and plants, perform
important environmental functions, provide economic value, and bolster human health.
DRAWING CONNECTIONS BETWEEN GREEN INFRASTRUCTURE, DISASTER RESILIENCE,
AND SUSTAINABLE COMMUNITY PLANNING
There are clear examples of improved resilience stemming from GI planning
approaches (e.g., see Ahern, 2011; Benedict, McMahon, & others, 2002; Stein et al.,
2014), such as when coastal forests act to absorb and reduce the destructive energy of
hurricane storm surges, or when wetland restoration acts to store and slow down flood
waters to mitigate downstream urban flooding. Table 5 shows some logical connections
between GI approaches at various scales to mitigate different classes of hazards and
improve community resilience.
Ian McHarg’s 1969 book Design with Nature provided perhaps the most
memorable example, on the important role that dune features play in protecting New
Jersey coastal areas from storm surges. He noted that the ecological processes that create
and maintain the dune features were vulnerable to collapse from certain types of urban
development, but that the built environment could be planned and designed to embrace
the dunes’ protective services, balanced with other human benefits such as recreational
access. A recent US Army Corps of Engineers report recognizes the increasing
vulnerability of coastal systems and supports efforts to make greater use of ecosystembased approaches to reduce risk from coastal storms, which draw from the capacity of
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wetlands, beaches and dunes, biogenic reefs, and other natural features to reduce the
impacts of storm surge and waves (Bridges et al. 2015).
Many examples can also be made of GI elements that in retrospect were not
protected and resulted in compromised community resilience. An 80% reduction in
wetlands along with changes made to the river system to accommodate agriculture and
urbanization were significant causes of the 1993 US Midwest floods (Benedict and
McMahon 2012). Another example can be made of the 2004 tsunami which effected
several countries in Southeast Asia and killed over 300,000 people, where analysis
suggests that the damage would have been far less if mangrove forests and reefs had been
conserved instead of lost to development. In yet another example, the deforestation of
Haiti can be blamed for the devastating mudslides and flash floods that have become
common, killing more than 4,000 people in 2004 alone (Velasquez-Manoff 2010).
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Table 4: Green Infrastructure Network Features and their Functions
Natural ecosystem values and fuctions (biodiversity, ecological processes, and ecological services)
Attributes
Examples of places
Examples of functions provided
Ecological communities Public and private parks, preserves, and
Protect and restore native plant and
and other natural
reserves at the state, regional, and local
animal communities, enrich biodiversity,
attributes
levels; lands in native habitat, waterfalls,
maintain/restore natural landscape
gorges, canyons
attributes
Fish and wildlife
Wildlife refuges, game reserves, landscape
Provide habitat for wildlife, support animal
resources
linkages/wildlife corridors, ecobelts, streams
migration, maintain population health
and lakes
Watersheds/water
Riparian and associated nonriparian lands,
Protect and restore water quality and
resources
wetlands, floodplains, groundwater recharge quantity, provide habitat for aquatic and
areas
wetland organisms
Working landscapes
Forestlands, rangelands, and farmlands with
Habitat for fish and wildfire species,
with ecological values
native habitats and natural attributes;
protection of water resource values
working landscapes with potential for
(floodplains, wetlands), connecting and/or
restoring ecological values
buffering network components, protecting
soils
Associated benefits to human populations (ecological services, societal values, and economics)
Attributes
Examples of places
Examples of functions provided
Recreation and health
Parks, greenways, blueways, trails
Encourage exercise and active lifestyles,
resources
provide space for outdoor activities, create
places of solitude and respite, connect
people with nature, connect communities,
provide alternative transportation
Cultural resources
Historic/archaeological sites,
Preserve link to natural and/or cultural
interpretative/educational sites/facilities,
heritage, foster education and
town/county open spaces/commons
involvement through “nature’s
classroom,” encourage resource
stewardship, protection of cultural site
context/integrity
Growth pattern and
Greenbelts, scenic vistas/viewsheds,
Guide patterns of growth, create appealing
community character
community open spaces/commons,
visual landscapes, enhance character of
greenways, river corridors, developing lands
development, foster community identity
in proximity to ecological resources lands
and pride, attract and retain businesses,
residents, visitors
Water resources
Watersheds, wetlands, floodplains,
Protect water quality and quantity,
groundwater recharge areas
manage storm water, provide sites for
regional wetland mitigation banks
Working lands with
Farms, orchards, ranches, managed forests
Protect working lands as a business as well
economic values
as a place, maintain rural character and
traditions, support sectors of the economy
Source: Benedict & McMahon 2012
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Table 5: Green Infrastructure’s Disaster Resilience Functions

Flood mitigation
Hurricane storm surge
mitigation
Landslide/erosion mitigation
Seismic mitigation
Wildfire mitigation
Technological hazard mitigation
Climate change
Public Health
Social equity

Green Infrastructure Approaches
Rural and urban forests and wetlands increase stormwater interception,
infiltration and storage; conserved riparian corridors support water quality;
floodplain avoidance;
Coastal forests reduce wind loads; Coastal dunes absorb storm surge energy;
Avoidance of storm surge related flooding;
Vegetation improves soil stability and reduces water impacts on slope;
avoidance of steep slopes and other high-risk areas
Avoidance of areas with high risk of liquefaction, amplified ground shaking,
and surface fault rupture microzonation
Open space can provide fire breaks and evacuation routes; revegetation with
low flammability fuels; conservation areas can provide buffers in urbanwildland interface
Buffers and setbacks between industrial and sensitive receptor land uses
Urban forests mitigate localized urban heat island effects; open space
provides avoidance of areas forecasted for sea level rise; increased
biodiversity
Parks, open space and greenways provide recreation opportunities and
support increased physical activity
Access to parks and open space, recreation opportunities, clean air and water

While GI-related planning such as land or wildlife habitat conservation plans,
open space plans, and parks and recreation plans likely hold significant opportunities as
land use approaches to mitigate hazards, they often overlook hazards mitigation elements
or fail to effectively coordinate with existing hazard mitigation planning. Because local
planning efforts are often fragmented between disciplines, it is difficult to draw
connections between shared GI benefits for resilience and other sustainability or
development goals (P. Berke et al. 2015). Considering the multi-functional nature of GI,
in which elements can often achieve social, environmental and economic objectives in
concert, it is especially critical that GI decision-making be embedded into comprehensive
sustainable community planning. Figure 8 illustrates the relationships between GI, hazard
mitigation, and sustainability, as they are conceptualized for this proposal.
A limitation of sustainable community planning as practiced in the US is that it
most often takes a normative and static approach, in which involuntary stressors such as
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environmental hazards and long term shifts such as climate change are oftentimes not
meaningfully considered or incorporated into the planning processes. Some academics
contend that scenario analysis at the metropolitan scale has largely ignored uncertainty
and focused too narrowly on developing a single preferred vision for the future
(Chakraborty et al. 2011; Hopkins and Zapata 2007). FEMA, APA, EPA and others have
recognized the need for land use planning efforts to consider hazard mitigation, in order
to support urban development that is both ‘smart’ and ‘safe’ (FEMA 2013, 2014; Schwab
2010; US EPA 2015a). Supporting this idea, a 2010 agreement between the agencies
initiated an effort to coordinate activities between EPA’s Smart Growth Program and
FEMA’s disaster recovery and hazard mitigation planning programs and build a
collaborative framework for creating more resilient communities (US Dept. of Homeland
Security & US EPA, 2010).
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Figure 8: Drawing Stronger Relationships between Green Infrastructure, Emergency
Management, and Community Planning

The multi-functionality of GI systems make them especially appropriate for an
integrated planning approach, in which ecosystem services supporting hazard mitigation
and sustainable development can be fully accounted for.
The shift to resilience as an organizing framework offers advantages over
previous vulnerability and sustainability frameworks. Conceptually, resilience is valuable
for planning by looking at communities more holistically, with objectives to implement
integrated economic, environmental, social, cultural, technological and other types of
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measures that will prevent and reduce hazard exposure and vulnerability to disaster. It
can be conceptualized as a process, which includes learning and adaptation to improve
resilience following a disaster. Resilience also considers systems at a variety of scales
from local to global systems that might impact a specific community, including
exogenous processes out of a community’s control. This recognition of interconnected
systems is perhaps the key aspect of resilience theory that sustainability and vulnerability
are lacking in their approaches. In contrast, sustainable community planning often does
not take a process-oriented approach, but instead focuses on a normative snapshot of the
future. In scenario planning, this is illustrated by the common practice of selecting a
‘preferred’ scenario
Resilient community planning requires a better integration of both environmental
hazard and green infrastructure ecological information into a comprehensive planning
framework, and needs to be utilized in a way that recognizes how social and economic
systems interact with hazards and GI. It is reasonable to argue that the ‘paralysis by
analysis’ problem experienced in some sustainable community planning might only be
aggravated with the integration of more information. However, if utilized in a community
planning framework that effectively supports social learning and drawing connections
between systems, the information promises to be much more meaningful. For example,
following flood losses, a hazard recovery plan to not rebuild and buyout homes in the
floodplain can be a highly divisive decision. However, as part of a holistic resilient
community plan, floodplain areas could be reconceived as future parkland, providing a
boost to resident quality of life and public health, supporting important ecological
functions, and perhaps catalyzing new economic development in neighboring areas.
According to the United Nations International Strategy for Disaster Reduction
(2012), “more and relevant data can be collected, exchanged, analyzed, and eventually
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injected into multidisciplinary (e.g. combining earth, the ecology, and the socio economic
system) prediction models to understand the future, in particular with regard to the
frequency and intensity of natural hazards and the resulting potential exposure and
vulnerability … the application of scientific evidence, supported by technology transfer
and capacity development is critical in disaster risk reduction and resilience building.”
While the potential for using community-based scenario planning to explore postdisaster redevelopment planning and recovery is recognized as very promising, to date
there are no well-documented examples of how scenario planning tools can be utilized in
pre- and post-disaster contexts to promote disaster resilience. Efforts were recently made
during the post-Hurricane Sandy recovery process to train community planners in the use
of Community Viz scenario planning software and FEMA’s Hazus disaster loss estimation
software, but follow-up to the training was limited (US EPA 2015a). Moreover, while
many hazards researchers have noted the potential for the wise use of green infrastructure
investments for reducing losses and enhancing resilience, few methodologies or examples
exist for communities to plan for resilience. With this gap in mind, this project seeks to
explore the utility of an integrated scenario planning analytical tool and corresponding
approach to help communities understand the important relationships between planning
green infrastructure and building community resilience.
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Chapter 3: Case Study Research Design: Austin, Texas
The city of Austin, Texas was chosen as a descriptive/exploratory case study to
beta-test the utility of pairing two distinct scenario planning tools—a sustainable
community modelling software (Envision Tomorrow (ET)) and a disaster loss estimation
model (Hazus)—to develop a methodology that localities can use within functional and
comprehensive planning processes to explore how green infrastructure approaches might
improve community resilience. After presenting the research questions, this chapter will
outline the case study research design in more detail and provide context for two planning
sites – past and future – investigated within Austin’s jurisdiction. Then, the approach for
conducting semi-structured interviews I described. The chapter closes with descriptions
of historical counterfactual and exploratory scenario frameworks.
RESEARCH QUESTIONS
The research design outlined in this chapter sought to answer the following
research questions:
RQ1. Examined retrospectively with historical counterfactual scenarios, how can
modeling past disaster events help demonstrate missed opportunities for
green infrastructure planning approaches to improve community resilience?
A past disaster event is revisited, using ET to model alternative green
infrastructure & urbanization configurations starting from a historical baseline
through the time of the disaster. For each historical counterfactual development
scenario, loss avoidance is calculated using Hazus and considered alongside the
sustainability metrics generated by ET.
RQ2. Examined prospectively with exploratory scenarios, how can modeling
plausible future disasters help inform long-term green infrastructure
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planning approaches for community resilience? Alternative configurations for
a future master-planned community are explored to capitalize on synergies
between

green

infrastructure

and

resilience

goals.

Each

development

configuration was modelled using ET and then tested with exploratory hazard
scenarios, using Hazus to estimate future loss avoidance to be evaluated in
concert with ET sustainability metrics.
RQ3. From the foregoing analyses, what are the strengths and weaknesses of the
integrated scenario planning techniques for generating information flows
about green infrastructure’s role in building community resilience? Along
with the results from RQ1 and RQ2, semi-structured interviews will be conducted
with key green infrastructure and sustainability planning stakeholders in Austin,
in order to understand the perceived utility – from a variety of perspectives – of
the integrated scenario planning methodology for exploring the resilience
functions of green infrastructure.
Together, the three research questions help answer the dissertation’s central
research question:


What is the utility of utilizing innovative scenario planning techniques and
integrated planning support tools for drawing connections between green
infrastructure and community resilience?
Based on the evidence in the literature, it is logical to expect that implementing

alternative green infrastructure approaches will likely improve community resilience in
many cases. However it is difficult to hypothesize in greater detail since green
infrastructure functionality and potential benefits are reliant on the specific planning
context in which they are implemented. The purpose of utilizing scenario planning
methods and tools is to answer more specific questions, such as: What is the extent of
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potential benefits? Do certain green infrastructure plans negatively affect outcomes for
any residents? What are the challenges to prioritizing green infrastructure and resilience
planning? With the addition of sustainability metrics from the ET indicators system, it is
possible to more fully explore resiliency not just from a disaster loss reduction standpoint
but also in terms of how resilience relates to other systems and impacts across the three
E’s of sustainability.
CASE STUDY RESEARCH DESIGN
Yin defines a case study as “an empirical inquiry that investigates a contemporary
phenomenon within its real-life context, especially when the boundaries between
phenomenon and context are not clearly evident” (Yin 2013). Case studies can often
involve multiple levels of analysis, employ embedded designs, and consider multiple
forms of evidence (Eisenhardt 1989). For these reasons case studies are well-suited for
planning and urban research. Campbell (2003) explains, “When transportation influences
land use, which in turn influences housing and the environment, which affect the local
economy, and so forth, then the boundary between variables and parameters are either
unclear or arbitrary.”
While there are other typologies for case study research (e.g., see Stake 2005),
Yin’s (1998) basic types of case study designs were the most helpful for thinking about
this research project. Because the purpose of the study is to beta-test and assess the value
of an innovative methodology, it is an exploratory case study. Integrated scenario
planning tools and methods will be explored in order to assess the value of the results
produced, which are somewhat inherent according to the results themselves, as well as
through feedback from local stakeholders.
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Early on, the design of the case study was intended to have two units of analysis,
in order to beta-test and replicate the methodological innovation in two distinct planning
contexts. However, the original design called for two case cities, which would involve the
collection of quantitative and qualitative data in each city. Upon embarking on qualitative
data collection in the first case city, it quickly became apparent that each case would
require a rich qualitative portrayal of its context in order for the quantitative analysis to
be meaningful, or perhaps even valid. It also quickly became apparent that the first case
city itself had a multitude of potential units of analysis. Thus, a single case with
embedded units of analysis was determined to be the most appropriate approach for this
study, in which the main unit and subunits of analyses each require data collection and
analysis. Distinctive about this study is that it will be based on highly quantitative data at
the subunit level (the unit of analysis for modeling scenarios), and highly qualitative data
at the level of the main unit of analysis (through stakeholder interviews and applicable to
both subunits).
CASE STUDY SELECTION
Geography of Disasters in the US
Many types of disasters have impacted the US throughout its history, stemming
from a wide spectrum of environmental hazards that vary in frequency across the
continent. Four of the costliest modern disaster events—flooding, hurricanes,
earthquakes, and wildfires—have significant implications for community planning since
their likelihood varies across space, presenting areas of heightened risk for urban
development and residents depending on the unique geophysical and spatial context. The
occurrence of these disasters across the US—based on presidential disaster declarations
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at the county level—is shown in Figure 9. The lighter tone points represent disasters
since 1964; the darker tone points represent disasters declared since 2000.
Flooding is ubiquitous across the US, heavily affecting the Midwest, the
Northeast, Southern Plains, and Western states. The Atlantic coast, from Texas to New
England, is highly impacted by hurricanes, especially since the turn of the millennium.
While Southern California has historically been devastated by wildfires, these events
have become more common throughout the West since 2000, including large swaths of
Montana, Idaho, Colorado, Arizona and Oklahoma. Texas has seen the most widespread
occurrence of repetitive wildfire disasters since 2000.
Rationale for Case Study Selection
An overarching limitation on the choice of case study city is Hazus’s modeling
capabilities, which are limited to riparian and coastal flood, hurricane wind and storm
surge, and earthquake models. Thus wildfire case studies, while compelling and
significant, were eliminated as a test-bed for ET-Hazus integrated analysis. With limited
research resources and since the research was being conducted at the University of Texas
at Austin, Texas was ripe with case study opportunities with the presence of flash riverine
flooding, coastal flooding, and hurricanes close by. Additionally, future opportunities for
Hazus multi-hazard analysis would potentially exist in this context.
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Figure 9: Federal Disaster Declarations by County since 1964 & 2000

Data Source: FEMA, 2016

After initial data collection and background research was conducted on several
candidate case cities including Houston, it became apparent that riverine flooding in
Austin would offer a compelling case for beta-testing a methodological innovation for
scenario planning. The primary reasons for this were:
(1) Riverine flooding was the most straightforward of the Hazus models to
incorporate with ET, according to an expert Hazus user;
(2) Austin is increasing rapid growth and has for quite some time, bringing with it
pressure for development in hazardous areas;
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(3) Austin has a storied history of environmental protection and interest in green
infrastructure; and
(4) Austin will likely experience future impacts related to climate change,
including higher variation precipitation events in addition to extended periods of drought
and heat.
The next section describes the context for the research in Austin, before
introducing the subareas of analysis.
CASE STUDY: RIVERINE FLOODING IN AUSTIN, TEXAS
A Brief History of Flooding in Austin
Figure 10: 1981 Memorial Day Flood, Shoal Creek
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Located in the heart of ‘Flash Food Alley,’ Austin has suffered repetitive flood
losses in several of its watersheds over the past several decades (City of Austin
Watershed Protection 2016a). Most memorable was the Memorial Day Flood of 1981, in
which 13 people died from flash flooding in Shoal Creek, which intersects west-central
Austin (“Tales from the Memorial Day Flood: Readers Relive the Danger, Loss and
Heroism of 30 Years Ago” 2011). Since then, in many instances throughout the city,
floodplains have ‘shifted’ and areas that were once considered safe for development are
now considered to be at high risk of flooding; in some cases homes are located in the
current 25-year floodplain. Retrospectively, as a mitigation approach the City has been
forced to pursue voluntary buyout programs to remove homes from areas that are now too
high-risk for any structural mitigation options to be put in place. Figure 11 shows the
distribution of these buyouts throughout the city.
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Figure 11: Floodplain buyout areas in Austin, Texas

Some of the buyouts are located on Middle Williamson Creek in South Austin,
where the floodplain has recently expanded and effectively increased the number of
homes at risk of future flooding. The revised floodplain area, shown in Figure 12, now
threatens a significantly larger portion of the neighborhood than it did previously. While
buyouts are planned as the only viable way to mitigate these issues, the approach is
relatively costly for the City to undertake and highly disruptive for the households living
in these areas. The approach reflects decisions that were made when planning perhaps did
not consider the potential for flood levels to increase over time due to increasing
urbanization in the watershed and corresponding increases in upstream impervious
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surface coverage – not to mention the long-term climate shifts that might produce heavier
storm events in the future.
Figure 12: Development in the Middle Williamson Creek Flood Zones
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Figure 13: Lower Onion Creek Buyouts and 2013 Halloween Flood Damage

The largest bulk of housing buyouts in the city are located in the Lower Onion
Creek watershed, which experienced severe flooding in 1998, 2001, 2013 and 2015 and is
currently the City’s “#1 Priority Problem Area” in terms of at-risk structures (City of
Austin Watershed Protection 2016b; City of Austin Watershed Protection Department
2016). The neighborhoods in this area were built beginning in the early 1970s, at a time
when the areas of development were not considered to be at risk of flooding. In the early
1990s, floodplain maps were revised to show a significantly larger area of potential
flooding in this area, affecting hundreds of homes. With no other viable mitigation
options after major flooding in 1998 and 2001, the City has been working in partnership
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with the U.S. Army Corps of Engineers to buy and remove homes in the most floodprone areas. More than 300 properties were purchased prior to the Halloween Flood of
2013, indicated by the orange parcels in Figure 13. In addition to the property losses,
many of the uprooted households in this area were lower-income families and more
vulnerable to costly disaster events.1
The Halloween storm of 2013, the aftermath shown in Figure 14, resulted in an
estimated $44.6 million in property damage, damaged 858 homes, and killed four people
in Travis County (City of Austin Watershed Protection Department 2016). The storm was
estimated to be anywhere between a 10-year and 300-year flood at various stream gauge
locations throughout the Onion Creek watershed (City of Austin Watershed Protection
Department 2016). Other sources estimate that the stormwater discharge in the area of the
buyouts was equivalent to a 140-year storm event (Earl, Jordan, and Scanes 2015).
Estimating the magnitude of the flood was complicated due to several stream gauges
failing and even getting swept away by the flood waters (Maxwell 2013). Prior to the
gauge washing away, measured flood peaks included flood depths of 41.15, the highest
recorded since 1921, and discharges of 135,000 ft3/sec at U.S. 183, the third highest
measurement since 1969. These measurements indicate a 170-year return period flood for
that location (City of Austin Watershed Protection 2014).
Since the 2013 flood, buyouts in Onion Creek have been expanded to two
additional zones, the 25- and 100-year project areas, due to an expanding area of flood
losses. As of August 2016, 736 properties in the lower Onion Creek area had been
purchased, with 119 properties remaining in the project area (City of Austin Watershed
Protection 2016c). Flood mitigation buyouts have been incredibly expensive for the city,
1

In 2010, the median household income of the Lower Onion Creek census tract was $38,015, compared to
a city-wide median household income of $50,520.
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costing over $175 million in total thus far. The costs of various phases of the program are
shown in Table 6, along with the number of properties acquired during that phase, and
the funding source for that phase. The City of Austin has paid for $143 million of the
buyout costs, while additional rounds of buyouts have been funded by the US Army
Corps of Engineers (USACE) and FEMA.
Figure 14: Onion Creek Halloween 2013 Floodwaters

Image Source: Watershed Protection Master Plan
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Table 6: Land acquisition projects carried out by COA, FEMA and USACE
Date
Prior to 2006
2006-2008
2008-2013
November 2013
June 2014
September 2014
December 2014
March 2015
Total

Homes Acquired
109
114
100
104
140
232
56
9
864

Cost
$2.4 million
$7.8 million
$26.3 million
$19.6 million
$35.5 million
$60 million
$23.5 million
$1.5 million
$176.6 million

Funding Source
City of Austin
FEMA grant
City of Austin
City of Austin
City of Austin
City of Austin
USACE
FEMA HMGP

In retrospect—and much in line with the literature—a green infrastructure
planning approach to development would have acted to conserve the riparian forests of
these creeks as natural flood mitigating features and avoided the current flood-related
challenges from the outset, both through improved stormwater interception as well as
avoidance of development in the floodplain. The potential benefits of such an approach
would likely extend beyond avoided flood losses and resident displacement, and include
improved water quality and biodiversity in these riparian areas; increased local and
citywide tree canopy coverage with associated benefits of heat island effect reduction,
decreased stormwater runoff, improved air quality and higher adjacent property values;
and increased recreation and non-motorized commute opportunities offered by a riparian
network cross-functioning as a trail system. The use of historical counterfactual scenarios
in this case offers the opportunity to model alternative urbanization paths and objectively
compare their resilience and sustainability outcomes to those that have been realized.
Austin Planning Context
While the Central Texas region has shown significant commitment to GI
planning, the connections between GI and hazard mitigation planning are not as strong.
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As a component of regional growth management efforts, Travis, Bastrop, Caldwell and
Hays counties participated in a community-driven process led by the Trust for Public
Land to complete the Central Texas Greenprint for Growth in 2009. The conservation
goals of the Greenprint, shaped by community input, were to protect water quality and
quantity, protect sensitive ecological areas, preserve farms and ranchland, enhance
recreation opportunities, protect cultural resources and historic sites, and protect scenic
corridors and viewsheds (The Trust for Public Land, Capital Area Council of
Governments, and Envision Central Texas 2009). These goals were then weighted
according to the values shown in Table 7.
Notable is that while the other three counties collaborated on the greenprint
process, Travis County first partnered with the Trust for Public Land to conduct
greenprinting in solely Travis County. Since they were the first county to embark on the
process, their priority weighting criteria was limited to four priority issues with equal
weighting of 25% each. This process produced the overall conservation opportunities
map shown in Figure 15. More details about the Greenprint planning process are
discussed with local stakeholders in the next chapter.
Table 7: Central Texas Greenprint Regional Goal Priority Weights
Protect Sensitive Ecological Areas
Protect Scenic Corridors and Viewsheds
Preserve Farms and Ranchland
Protect Water Quality and Quantity
Enhance Recreation Opportunities
Protect Cultural Resources and Historic Sites

Bastrop County
17%
13%
19%
27%
15%
9%
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Caldwell County

Hays County

Travis County

14%
12%
19%
33%
18%
4%

25%
9%
15%
35%
12%
4%

25%
N/A
N/A
25%
25%
25%

Figure 15: Travis County Greenprint for Growth Conservation Priorities

The Greenprinting process, while not having any formal regulatory power, made a
significant impact on later planning processes in Central Texas.

For example, the

conservation goals and priority areas identified by the plan were later used to guide city
and county conservation funds toward the most cost-effective acquisitions for achieving
Greenprint objectives. Additionally, the Greenprint planning has served as a basis for
coordination other regional planning efforts such as the CAMPO 2035 Transportation
Plan and the City of Austin’s reent comprehensive plan, Imagine Austin (City of Austin
2012; Capital Area Metropolitan Planning Organization 2010). Imagine Austin, in turn,
identified green infrastructure as one of its eight priority programs for organizing the
objectives of the plan. In one of the plan’s short term work program objectives,
coordination with the Greenprint is indicated:
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“Perform an initial inventory and evaluation of existing green infrastructure
resources, such as conserved land, the urban forest, habitat, trails and bike paths,
greenbelts, community gardens, urban farms, parks and recreation areas, and
green streets. Identify current plans, such as the Travis and Hays County
Greenprint plans, networks, and identify gaps.” (City of Austin 2012)
Beyond these limited connections between local plans, for the most part planning
in Austin is segregated into disciplinary silos. The City of Austin Hazard Mitigation Plan,
for example, is highly disconnected from other local planning efforts. Above all else, the
literature review on resilience supports an integrated understanding of systems when
thinking about community resilience, yet the Hazard Mitigation Plan lacks any
substantive integration with green infrastructure planning in Austin beyond the
protections of floodplains.
The strongest planning linkage between green infrastructure and disaster
resilience is currently found in the Watershed Protection Master Plan and Watershed
Protection Ordinance, where a primary objective is to protect riparian areas to mitigate
flooding, curb erosion, and support clean water (City of Austin Watershed Protection
Department 2016). While the COA Watershed Protection Department has a somewhat
narrow focus on green infrastructure as a tool for supporting healthy surface water
resources, the department’s work at times makes clearer connections than any other
group between green infrastructure and community resilience, such as through floodplain
protections and supporting conservation of riparian areas with Critical Water Quality
Zone buffer areas. At the same time, the planning conducted by the Watershed
Department is highly scientific and environmental in its nature, and does not always
interface well with other types of planning.
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Figure 16 offers a simplified interpretation of the limited connections between
disaster resilience and other types of plans in the Austin context. Because Imagine Austin
and Watershed Protection are both city departments, the strongest coordination of
planning goals and policies occurs between these two planning areas. Reflecting this, the
Watershed Protection Department is a collaborative partner on Imagine Austin’s green
infrastructure priority program. Less coordination exists between Watershed Protection
and Hazard Mitigation planning, but both planning efforts put substantial focus on flood
mitigation, so these planning areas are somewhat linked through the common issue of
flooding. Imagine Austin and the Greenprint plan also have a limited connection, based
on both plans use of a common land conservation inventory. Finally, the Greenprint has
little if any coordination with Hazard Mitigation Planning in Austin, as well as little or no
impact on the work of the Watershed Protection Department. There is also very little
connection between Imagine Austin and the Hazard Mitigation Plan, with no to the
former in the latter plan and vice versa. The aim of this project can be conceptualized as
an approach that draws connections between these disparate threads of planning in Austin
through the use of innovative scenario planning techniques.
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Figure 16: Austin Planning Silos

EMBEDDED UNITS OF ANALYSIS: GREENFIELD DEVELOPMENT PAST AND PRESENT
Onion Creek and Gilleland Creek were selected as two embedded units of
analysis (i.e., study areas) within Austin to beta-test the combined ET-Hazus planning
tool using scenario-based approaches. Both study areas are greenfield sites, meaning they
are for the most part undeveloped areas on the urban fringe. In the case of Onion Creek,
the analysis traces back to its greenfield state prior to any urban development in 1960. In
the case of Gilleland Creek, the study area is currently a greenfield area on Austin’s
expanding urban fringe.
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Figure 17: Embedded Study Areas for Beta Testing

Onion Creek Study Area
Based on the dire situation in Onion Creek, the area was selected as one of the
embedded study areas within Austin to beta-test the use of integrated planning tools &
historical counterfactual scenario techniques. The goal was to explore missed
opportunities for developing more in line with green infrastructure planning concepts and
to understand and compare their impacts.
Prior to the late 1960s, the Onion Creek area was essentially an undeveloped
greenfield area on the urban fringe of Austin. Its plentiful supply of land and few
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constraints on development made it an attractive area for the construction of new
residential subdivisions. Retraced back in time to its baseline greenfield state, the study
area was able to be re-envisioned using various green infrastructure approaches.
Figure 18: Map of Onion Creek Study Area
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The Onion Creek study area was drawn using a combinations of watershed
boundaries, major roads, and census geographies, in an effort to include a variety of
existing uses and existing open space hubs and corridors, including McKinney Falls State
Park, Onion Creek Metropolitan Park, along with other nearby natural areas. The study
area is shown in Figure 18.
Gilleland Creek Study Area
Planned Unit Developments in Austin
While attention to planning issues in Austin is often directed towards happenings
in central areas of town and redevelopment/infill projects, much of the new urbanization
in Austin continues to occur on the edge of town in the form of planned subdivisions. The
local policy tool used for implementing much of this development is through Planned
Unit Development (PUD) agreements between large scale master planned community
developers and the City Council. These agreements are drawn up on a case-by-case basis
on large sites, creating opportunities for larger-scale coordination of development
patterns.
The general intent of PUD zoning districts is stated as follows in the City of
Austin Code:
“This division provides the procedures and minimum requirements for a planned
unit development (PUD) zoning district to implement the goals of preserving the
natural environment, encouraging high quality development and innovative
design, and ensuring adequate public facilities and services. The Council intends
PUD district zoning to produce development that achieves these goals to a greater
degree than and that is therefore superior to development under conventional
zoning and subdivision regulations.” (City of Austin 2017)
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Figure 19: Map of Austin Region Planned Unit Developments

According to the COA Zoning Guide, a PUD district is “intended for a large or
complex single or multi-use development that is planned as a single contiguous project
and that is under unified control” (City of Austin Planning and Zoning Department 2016).
Furthermore, the stated purpose of a PUD district designation is to preserve the natural
environment, encourage high quality development and innovative design, providing
greater design flexibility by permitting modifications of site development regulations. In
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summary, development under the site development regulations applicable to a PUD
“must be superior to the development that would occur under conventional zoning and
subdivision regulations (City of Austin Planning and Zoning Department 2016, 70).
Inside the city limits, PUDs are recommended to be at least 10 acres in size.
Outside the city, a site of at least 250 acres is required. A PUD Land Use Plan
establishing site development regulations must be approved by the City Council before
construction can occur. Thus, PUDs are significant for this analysis because in theory,
they allow for larger scale green infrastructure planning to occur in the context of new
development. Since they are designed in advance for approval, the site plans for PUDs
are generally available and provide guidance for modeling future development on that
site. A reality of PUD master plans is that they are often not implemented exactly as
originally drawn out, perhaps due to financial constraints as they emerge through various
phases of the project. According to input from the preliminary interviews, oftentimes
innovative stormwater approaches (i.e., green infrastructure) are eliminated from the
scope of the project in these cases, since they incur additional upfront costs on the
developer.
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Figure 20: Planned Unit Developments in Southeast Austin
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City of Austin code outlines Tier Two requirements for PUD zoning districts to
demonstrate their superiority over baseline development. The requirements related to Tier
Two riparian management include reduced impervious cover, additional headwaters
setbacks, volumetric flood detention, no proposed modifications to the existing 100-year
floodplain, use of natural channel design techniques, restoration of riparian vegetation in
degraded CWQZs, and removal of impervious cover from CWQZs. However, minimum
Tier One requirements related to riparian areas only include meeting the objectives of the
City Code, with additional open space provisions and a general requirement to “provide
for environmental preservation and protection relating to air quality, water quality, trees,
buffer zones and greenbelt areas, critical environmental features, soils, waterways,
topography, and the natural and traditional character of the land” (City of Austin 2017).
An important distinction of PUDs, however, is the flexibility available to
developers for certain requirements that might create challenges for developing their site,
such as large floodplains or riparian corridors. City code states that the council may
“waive or modify a requirement” if they find that (1) the resulting development would
“achieve greater consistency with the [general intent of PUDs] than development that
would occur without the waiver”; (2) the “adverse effects of the waiver or modification
are offset by other enforceable requirements”; and (3) the “objective of the waived or
modified requirement is substantially achieved” (City of Austin 2017).
Planned Unit Developments in the Gilleland Creek Watershed
Gilleland Creek is located in the far eastern portion of Austin’s jurisdiction, near
the boundary of the city’s Extra Terrestrial Jurisdiction (ETJ). The area has emerged as
an attractive site for new development following the planning and construction of State
Highway 130, which is a bypass toll route to ease traffic volumes on Interstate 35, which
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is routed through central Austin. However, the new piece of major infrastructure has also
generated much new development in the area with its new highway access. While
originally planned to have limited access, the project quietly added additional on- and
off-ramps after pressure mounted from development interests. As a result, while the area
is still largely undeveloped, future subdivisions and master planned communities are
already platted and construction has broken ground in a few areas.
Figure 21: Whisper Valley PUD Master Plan

The most far-along PUD in the Gilleland Creek watershed is the Whisper Valley
PUD, which claims to be a “model for the future of sustainable living” (Taurus
Investment Holdings, LLC 2017). The development sits on a 2,000 acre site and is
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planned to include 7,500 housing units and two million square feet of commercial space,
two new schools, a new fire station, and a transportation hub. The subdivision is
marketing itself as an “environmentally sensitive development dedicated to energy
efficiency and cutting-edge technology,” and is partnered with Austin Energy Green
Building, Texas Energy Star, and Google Fiber. In addition, the development is intended
to be affordable, with homes starting in the lower $200,000 range.
The development touts its green infrastructure features, with one-third of the
property allocated for outdoor recreation and community areas, which includes a 600acre park, community gardens, organic farms, and miles of scenic trails. One reason the
park is so large is because it is located in the large floodplain of Gilleland Creek, which
intersects the site. With development planned to back onto the edge of the 100-year
floodplain in a downstream location on a large creek, it raises the question of whether the
development might have issues with future flooding. The site is similar to Onion Creek in
the sense that there is much upstream land in the watershed that is expected to develop in
the future, which would increase impervious surface coverage upstream and increase the
speed and volume of stormwater runoff moving downstream. Reflecting on these issues,
Gilleland Creek was selected as a second embedded study area, in order to test and
compare the impacts of plausible flood conditions on alternative paths of development.
Just north of Whisper Valley, near the SH 130/US 290 interchange and adjacent
to the jurisdiction of Manor is Wildhorse Ranch, another approved PUD currently platted
for development. The site is approximately 1,450 acres in size, and is expected to
construct 2,400 single family homes, 200 condominiums, 1,040 apartment units, and 1.51.7 million square feet of retail and office space (“Wildhorse - Austin, Texas” 2017;
Development Planning Financing Group, n.d.). Also embracing the natural riparian areas
on the site, the development is planned to include more than 20 miles of hike and bike
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trails. While there is less information available about this development in terms of the
housing types and other specifics, its marketing strikes a similar tone to that of Whisper
Valley and other PUDs, with an effort to embrace natural features and provide a wealth
of amenities to residents. The Wildhorse Ranch site plan is pictured in Figure 22.
Figure 22: Wildhorse Ranch PUD Master Plan
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Gilleland Creek Study Area Boundary
The Gilleland Creek study area was drawn to capture both the Whisper Valley
and Wildhorse Ranch PUDs, as well as Walter E. Long Metro Park and East Metro Park.
The boundary was created using major roads, census geographies, and the ETJ boundary
at the north end of the study area. The study area is pictured in Figure 23.
Figure 23: Map of the Gilleland Creek Study Area
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INNOVATIVE SCENARIO-BASED PLANNING FRAMEWORKS
Using Historical Counterfactual Scenarios to Learn From the Past
One of the underutilized strengths of scenario planning is its ability to model past
conditions in order to retrospectively test how alternative interventions could have
affected outcomes, using historical counterfactual scenarios. Within a green
infrastructure & resilience analysis, this approach offers promise to clearly illustrate
connections between green infrastructure elements and potential resilience benefits by
enabling the conditions of historical disasters to be simulated across alternative green
infrastructure plans to retrospectively test their performance compared to what was
actually built. Since green infrastructure functions are multiple, spatial, non-linear, and at
times contradictory, by revisiting the past it can be seen more clearly where opportunities
to increase resilience were achieved and disaster losses avoided; or, alternatively where a
community was made more vulnerable and avoidable disaster losses were needlessly
incurred.
This retrospective approach has been utilized in prior planning research, perhaps
most notably in the hazards field by Burby et al. (1988), who utilizing historical
counterfactual scenario modelling to test the effectiveness of floodplain management in
reducing disaster losses. In communities that had implemented various aspects of
floodplain management in conjunction with their participation in the newly established
National Flood Insurance Program, Burby and a team of researchers modelled
counterfactual urbanization scenarios in which floodplain management were not
implemented, for the purposes of comparing estimated losses to the realized impacts with
floodplain management in place. By revisiting the past, the study helped to solidify the
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understanding of floodplain management as a highly effective approach for reducing
flood losses in US communities.
Following this precedent, this project revisited a past disaster in the Onion Creek
study area, using ET to model alternative green infrastructure/land use configurations that
build upon past greenfield conditions. The historical flood event was then modeled using
Hazus across the alternative green infrastructure/urbanization configurations for the
purposes of comparing the estimated impacts with those incurred by a baseline model of
actual development in the study area at the time of the flood. In addition to estimated
flood impacts, environmental, economic, and sustainability metrics generated by ET
support a comprehensive discussion of resilience in these scenarios.
Figure 24: Historical Counterfactual Research Design Framework

Adapted from Burby et al., 1988

Figure 24 displays a conceptual diagram of the framework used for the historical
counterfactual scenarios modeled in this analysis. The graphic style used is a nod to
Burby’s original research design, which provided inspiration for this more contemporary
rendition. Starting with a pre-disaster urbanization model – in this case the Onion Creek
study area baseline is mostly greenfield, as it existed prior to subdivision development –
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both the observed planning approach and alternative green infrastructure approaches were
calibrated and then implemented as development scenarios up until the disaster event
occurred. At this stage, each development scenario can be assessed in terms of their
internal sustainability across social, economic and environmental performance metrics.
Then, applying the disaster scenario to each development alternative, each scenario can
be assessed in terms of the disaster losses incurred or avoided. The most meaningful
feedback, however, comes from the ability to compare results between the observed “as
built” development scenario and the alternative green infrastructure approaches.
After conducting the historical counterfactual analysis and developing a better
understanding of the missed opportunities for planning resiliently through green
infrastructure approaches, these lessons can be applied looking forward to the future in a
second study area that is yet to be developed. An exploratory scenario approach was next
utilized to test the potential resilience of future development schemes.
Exploratory Scenarios to plan for Plausible Futures
Another relatively underutilized scenario approach is the use of exploratory
scenarios to model a range of plausible environmental conditions and apply them
iteratively to alternative future community plans. Scenario-based planning methodologies
have been critiqued in the literature for being too normatively driven and ignoring
uncertainties such as environmental change and exogenous events (Chakraborty et al.
2011; Hopkins and Zapata 2007). The use of exploratory scenarios to think about the
future has been supported by academics and research organizations such as the Lincoln
Institute of Land Policy (Roberts 2014), yet the approach has seen a limited amount of
use in practice. Most notably, the Sonoran Institute utilized exploratory scenario planning
methods to plan for climate change impacts on lands and communities in the western US.
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(Sonoran Institute 2016). Also recently, Hurricane Sandy recovery planning in Long
Island, NY included the use of Hazus hazard scenarios in conjunction with urbanization
scenarios modeled using the scenario planning software Community Viz (US EPA 2015a).
The UN Ten Essential Elements calls for at least the ‘most probable’ and ‘most
severe’ (i.e. ‘worst case’) hazard scenarios to be modeled for the purposes of a risk
assessment to identify hazards, exposures and vulnerabilities. Chakraborty et al. (2011)
support considering a range of plausible environmental scenarios in their call for
contingent and robust decisions, where contingent decisions are tailored to specific
outcomes that may or may not happen, and robust decisions produce preferred results
across all potential outcomes. Shearer (2005) argues that scenarios are equipped to
consider events in the internal (full community control), contextual (i.e. external, out of a
community’s control), and transactual (where a community and its surroundings interact)
operational environments. Avin & Dembner (2001) recommend incorporating uncertain
external forces and their interactions with controllable internal options into a large-scale
scenario analysis that can consider a wider range of future outcomes. The plausible
scenario approach thus creates a range of opportunities to alter vulnerability relationships.
Figure 25 illustrates Shearer's (2005) conception of using scenarios in community
planning, which includes exploratory scenarios that are differentiated from a ‘surprisefree’ scenario. His model makes a clear distinction between an alternative future, which
is a possible end state, and a scenario, which is “a means to achieve that state.” Hopkins
& Zapata (2007) also contend that scenarios “emphasize a process of change, not just a
point in the future.” Xiango & Clarke (2003) identify causation and a time frame as
important components of land development scenarios. These interpretations of scenarios
are all complementary to those that call for resilience planning to take an integrated
systems and process-oriented approach (e.g., see S. L. Cutter et al., 2008).
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Figure 25: Shearer’s Conception of Scenarios and Alternative Futures

Source: Shearer, 2005

After retrospectively testing a baseline and three alternative green infrastructure
scenarios against a historic disaster scenario in the Onion Creek study area to answer
Research Question 1, the analysis then turned to test similar green infrastructure
approaches prospectively across probable and worst-case disaster scenarios in the up-andcoming Gilleland Creek study area. Assessment of these scenarios considered internal
outcomes (through sustainability indicators produced by ET) as well as the outcomes
from interactions with external events (through disaster loss estimates produced by
Hazus). The exploratory scenario framework used is shown in Figure 26.
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Figure 26: A Framework for Using Exploratory Scenarios for Resilience

Being simulations of the past and future, scenarios can be conceptualized as a
form of experimentation, which tests interventions and outcomes. Thus, much like in a
lab experiment, using scenarios as a form of experimentation allowed the analysis to
isolate or combine treatment effects and see the outcome while controlling all other
factors. This conception is especially useful for considering scenarios that integrate
different treatments in the built environment and different hazard scenarios. Treated as an
experiment, the analysis could potentially not be limited to a handful of plausible futures,
but rather enable the assessment of different hazards treatments while holding the built
environment constant; and vice versa. In this research design, reflecting the large
universe of potential hazard scenarios, as well as the array of planning interventions, the
marginal effects of specific treatments could be isolated, which is valuable considering
the complexities and multifaceted character of land development scenarios and resilience
outcomes.
Scenarios Modeled


Onion Creek Historical Counterfactual Scenarios
1. Onion Creek ‘As Built’ Baseline Scenario, 1960-2013
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i. Baseline ‘factual’ urbanization scenario modeled to best represent the
study area development at the time of the 2013 Halloween Flood.
2. Onion Creek Structural Mitigation Scenario, 1960-2013
i. Counterfactual scenario in which all residential development in the
100-year floodplain is made more resilient through structural
mitigation measures.
3. Onion Creek Riparian Conservation Scenario, 1960-2013
i. Counterfactual scenario in which all development in the 100-year
floodplain and Critical Water Quality Zone buffers is avoided and
directed to less vulnerable areas of the study area.
4. Onion Creek Green Infrastructure Network Scenario, 1960-2013
i. Counterfactual scenario in which the study area is developed using a
normative green infrastructure planning approach with a focus on
network concepts such as corridors, hubs and buffers.


Gilleland Creek Exploratory Scenarios
1. Gilleland Creek ‘As Planned’ Baseline Scenario, Present - PUD Build Out
a. Baseline scenario in which PUD master plans are fully implemented as
currently designed.
2. Gilleland Creek Structural Mitigation Scenario, Present - PUD Build Out
a. Alternative scenario in which all residential buildings in the 500-year
floodplain are elevated using structural mitigation approaches.
3. Gilleland Creek Riparian Conservation Scenario, Present - PUD Build Out
a. Alternative scenario in which all development planned within the 500year floodplain and Critical Water Quality Zone buffers is relocated to
less vulnerable areas of the study area.
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4. Gilleland Creek Green Infrastructure Network Scenario, Present - PUD Build
Out
a. Alternative scenario in which the study area is developed using a
normative green infrastructure planning approach with a focus on
network concepts such as corridors, hubs and buffers.
The Need for Supportive Qualitative Data
There are limitations to what quantitative research can answer in terms of
understanding questions of how or why pertaining to estimated outcomes. Specifically
concerning scenario planning methods is the noted tendency for bias to occur when using
scenarios and formulating the assumptions that drive them. Avin (2013) argues that bias
can enter planning tool and process design in many ways. For example, when
development typologies are the drivers of scenarios, biases can enter through the palette
of these place types. Bias can also impact the way a ‘trend’ scenario is defined, which
affects baseline comparisons for the planning process. Additionally, Avin notes that
oftentimes when feedback indicators do not support desired outcomes, they are ignored in
favor of indicators that tell the favorable story. The many avenues for biases, tailored
assumptions, and potential design flaws motivated Myers & Kitsuse (2000) to contend
that scenario planning “needs a much more interactive and open procedure, one that
incorporates technical analysis and value judgments…this requires much more public
disclosure, and justification, about underlying technical assumptions, without which the
public may not support the resulting forecasts.” It was with these challenges in mind that
led to a case study design utilizing a quantitative analysis of embedded units of analysis
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SEMI-STRUCTURED INTERVIEWS WITH PLANNING STAKEHOLDERS FOR GATHERING
INPUT AND GAUGING ASSUMPTIONS
Merits of Qualitative and Mixed Methods Research
Defined by Creswell (2013), qualitative research “is a means for exploring and
understanding the meaning individuals or groups ascribe to a social or human problem.”
Put another way, this research takes a ‘causes-of-effects’ approach to explanation, and the
research goal is to explain particular outcomes (as opposed to the ‘effects-of-causes’
approach employed by quantitative research) (Mahoney and Goertz 2006). Qualitative
research is also an effective means for understanding questions that pertain to process
(Gaber 1993). Leech (2002) wrote that “in an interview, what you already know is as
important as what you want to know,” meaning that interviews are good ways to pull out
additional knowledge and supplementary data, with existing information helping to frame
new questions.
Interviews are a good method for conducting case study research because they
create opportunities to gather detailed information from experts of not only the research
topic, but also experts of the planning context, which is critical in holistic case studies
such as this one. Interviews are also highly efficient in that they can generate a large
amount of information without the capacity required to conduct a survey or organize and
coordinate focus groups or planning workshops.
Often appropriate for case study research is the use of semi-structured
interviewing, in order to generate more descriptive data and detailed information to help
answer contextual/holistic questions. Semi-structured interviews include specific
predetermined questions paired with more open-ended questions that might clarify or
expand upon prior responses, providing a greater breadth of questioning than structured
approaches (Fontana and Frey 1994). This approach also increases the research design’s
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adaptability, which is helpful in case studies where information comes from a variety of
sources.
Collecting qualitative data provided several significant advantages for this study.
The spatial and quantitative approaches utilized, including urbanization and hazard
modeling, tend to be deterministic and rely on agreed-upon assumptions to produce
reliable estimates. Interviews with local actors from a variety of disciplines were an
effective way to gauge and calibrate these modeling assumptions. Information gathered
during these interviews also shaped the drawing of study areas and helped determine the
most appropriate parameters used for test scenarios. Gathering local perceptions was an
effective way to supplement and add meaning to the information produced by the
analysis, and offered opportunities to further investigate questions related to practical
synergies or tensions in the Austin context. The interviews were important for
understanding how the broad planning issues investigated in this study are understood
and discussed in the Austin context specifically.
Description of Interviewees
A semi-structured approach to interviewing accommodated (1) pre-determined
questions to be asked of all interviewees to compare their responses for the purposes of
gauging perceptions and interpretations of the issues being investigated, as well as (2)
open-ended questioning to allow for clarification or discussion of specific information in
detail depending on the interviewee’s disciplinary area of expertise, to generate additional
context-related information, or allow new, unanticipated issues to surface if they existed.
Semi-structured interviews also allowed for varied lines of questioning between the
interviewees, depending on their unique disciplinary perspective.
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Before conducting any interviews, the protocol was approved by the University of
Texas Institutional Review Board (IRB) (see Appendix A for the IRB approval letter).
The study was approved under the Expedited category and included a Waiver of
Documentation of Consent. All participants enrolled voluntarily, and gave verbal consent
to be interviewed and audio recorded for data collection purposes. As part of this consent,
the confidentiality of all persons and personally identifiable data was to be protected.
Nine interviewees were recruited based on their professional relationship to green
infrastructure and/or resilience planning in Austin, as well as their expertise or
involvement with recent and relevant local planning efforts. As part of the IRB
confidentiality requirements, the interviewees are not identified by name, but instead are
described by their disciplinary or professional role. The interviewees that agreed to
participate in the study are summarized in Table 8.
Table 8: Summary of Austin Stakeholder Interviewees
Discipline/Role

Sector

Planning Information

1

Developer/Builder

Private

Consumer

2

Watershed Planner

Public

Producer/Consumer

3

Environmental Program Manager

Public

Producer/Consumer

4

Conservation Planner

Private

Producer/Consumer

5

Sustainability Director

Public

Producer/Consumer

6

GIS Practitioner

Private

Producer/Consumer

7

Urban Forester

Public

Consumer/Producer

8

Landscape Architect

Private

Consumer

9

Parks Fundraiser

Non-Profit

Consumer

The set of interviewees includes both producers and consumers of planning
information flows. That is to say, some stakeholders work primarily in a role where they
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are interested in producing information that can support community engagement and the
creation of feedback loops within public planning processes. Others work in a role where
they utilize planning information to educate others or advocate for more sustainable
outcomes in local planning. In many cases, it was difficult to define an interviewee as
either consumer or producer – rather, their work involved a mixture of both.
Interviewees were recruited particularly for their high level of engagement with
local sustainability planning in the Austin region. As a group, they have contributed to
several recent planning efforts in Central Texas either as planners or stakeholders,
including:


Code Next, City of Austin Land Development Code Update (ongoing)



Imagine Austin Comprehensive Plan (2015)



The Sustainable Places Project (2012)



Central Texas Greenprint for Growth (2009)



Envision Central Texas (2004)



RMMA (Mueller) Reuse and Redevelopment Master Plan (1999)

Preliminary interviews were conducted primarily in person, and over the phone in
two cases. They lasted between 30 – 45 minutes in length, depending on the amount of
information shared by the interviewee and line of questioning that ensued.
Questions Asked of all Interviewees
To gauge local perceptions/interpretations of green infrastructure and resilience
issues, the following questions were asked of all interviewees:


How would you define Green Infrastructure? What comes to mind?



How do green infrastructure issues interface with your work or role in the
community?
83



Do you consider it to be an important local planning issue?



Is resilience a local planning priority? How is it discussed in Austin?

The following chapter highlights major themes that emerged from the pre-analysis
interviews. The data gathered highlights important similarities and differences between
local interpretations of green infrastructure and urban resilience and how they should be
best incorporated in local planning.
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Chapter 4: Perspectives of Green Infrastructure and Resilience
Planning in Austin
Efforts were made to ground this research in the knowledge base of local
stakeholders who either actively (1) produce community planning information and/or (2)
consume community planning information, particularly in the areas of resilience and/or
green infrastructure planning. To accomplish this, two rounds of semi-structured
interviews were held with nine local planning stakeholders.
One of the most compelling elements of conducting the stakeholder interviews
was the breadth of disciplines represented by the interviewees. While each were familiar
and involved with green infrastructure and resilience issues in Austin, each brought their
own unique perspective, grounded in local practice, as a point of comparison to the
leading threads of literature in these areas. Important for interpreting their responses was
to reflect on the disciplinary perspective offered by each.
The interviews were conducted before the scenario analyses, with two main
objectives: (1) to gather input about local planning conditions in order to ensure that the
assumptions and approaches used in the scenario analyses were valid; and (2) to gauge
local perceptions and interpretations of green infrastructure and disaster resilience
planning issues, as they relate to the Austin context. While much has been written about
these issues in the planning literature, local applications vary according to geophysical
context and political climate, among other factors. These interviews significantly shaped
the approach taken during the scenario planning beta testing.
LOCAL PERSPECTIVES OF GREEN INFRASTRUCTURE
One of the most compelling themes to emerge from the preliminary interviews
was the various understandings of green infrastructure depending on the disciplinary
85

perspective of the interviewee. At the same time, local perceptions of green infrastructure
had unifying characteristics that allowed for a generalized definition of what ‘green
infrastructure’ means for local planning stakeholders. In contrast to Benedict and
McMahon’s (2012) definition, which conceptualizes green infrastructure as an
interconnected open space network, the general interpretation of green infrastructure
from the Austin stakeholder standpoint places a heightened focus on issues related to
stormwater management and impervious surface coverage.
This latter understanding falls in line with what has been termed Green
Stormwater Infrastructure (GSI), which was referred to by the watershed planner
interviewee in his broader interpretation of green infrastructure (GI). An emphasis on
stormwater has been furthered by groups such as the EPA, who are focused on reducing
water pollution (US EPA 2015c). Cities such as Philadelphia and Seattle, which both
have combined sewer systems that are susceptible to combined sewer overflows during
heavy rainfall events, have embraced this specific application of green infrastructure as a
strategy for reducing stormwater volumes (US Environmental Protection Agency 2017;
Philadelphia Water Department 2017). In the case of Austin, GSI is attractive due to the
city’s flash flooding and concern with maintaining clean surface water in areas that
recharge and contribute to the Edwards Aquifer.
The watershed planner was perhaps the most grounded in green infrastructure
concepts as a part of his daily work, and gave the most extensive definition of green
infrastructure. He described first learning about it as a “mitigating watershed element”
back in 1990, which transformed into “low impact development” in the 1990s (citing
examples such as Prince George’s County in Maryland). He then described his current
focus on GSI, which he described as elements you direct water to as an engineer,
including four major categories: rain gardens, porous pavement, rain water harvesting,
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and green roofs. Additionally, these can include vegetated filter strips, infiltration
trenches, terracing, and rain meadows (i.e., shallow versions of rain gardens which can
function as a park, encouraging water to pond up rather than sheet flow off of expansive
areas). Despite his focus on watershed issues, the watershed planner also recognized a
broader definition of green infrastructure, referencing Imagine Austin’s interpretation, to
include parkland, open space, protected preserve land, and green stream riparian
corridors, which are now protected by Critical Water Quality Zone (CWQZ) buffers as
mandated by the 2013 Watershed Protection Ordinance.
The watershed planner expressed ambivalence about differentiating between
green infrastructure (GI) and green stormwater infrastructure (GSI), calling it an
“awkward dance.” He offered Austin’s relatively advanced tree protections as an
example, which he argued was “a huge element of our green infrastructure.” When
speaking about the prospect of differentiating between GI and GSI, he stated: “So you
look at all these things and I think, how are we doing on GI or GSI, and how much land
do you protect with it… honestly way more land is protected using these things like
stream setbacks and open space and impervious cover limits and all this other stuff that
does just a lot more heavy lifting than what is probably going to be a pretty untriumphant
number of little green stormwater infrastructure installations…but it all adds up…”
The understanding of GI as GSI in Austin also reflects the ubiquitous nature of
impervious surface coverage limits as a regulatory measure enforced by the Watershed
Protection Department. These limits impact the approval of any new development larger
than single family projects. Thus, when discussed in the context of development interests,
green infrastructure was approached more from a regulatory standpoint. This was
especially true with the developer/builder interviewee, who interpreted green
infrastructure to mean anything that might be required of new development to be
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environmentally sensitive, such as “rainwater collection, rain gardens, or other innovative
water collection techniques.” This interpretation was more site-specific, in which green
infrastructure is considered on a project-by-project basis. This is in contrast to the
interpretation of GI used for this study, which places a greater focus on landscape scale
GI features.
The urban forester also defined green infrastructure in terms of impervious
coverage, but more broadly: “Typically when people talk about green infrastructure,
they’re talking about installations that have been designed to provide a specific function.
What teams that I work with in the city have been doing for the last couple of years have
been describing it much more broadly than that. And I’m not sure that I’m for or against
one way or the other, but in my work I am focusing on anything that is not impervious
surface, is going to be considered part of our green infrastructure.” She credits this
broadening of understanding to the Imagine Austin plan, the efforts of city staff to
implement some of the big ideas, goals and vision of the plan, and the interdisciplinary
green infrastructure implementation team that was put together in support of the Green
Infrastructure priority program. She described the broad approach as being “more
inclusive… it brings everyone to the table.” At the same time, “the downside is that it is
often unwieldy… it’s hard to get your arms around it.” While perhaps challenging, it is in
line with the interdisciplinary ‘patchwork’ of features that is called for in much of the
current literature, including features at a broad range of scales that together create a
network on private and publicly owned lands.
The environmental program manager noted the varying definitions of green
infrastructure across city departments. He too perceived that most city departments saw
green infrastructure as being related to stormwater management. He noted that the city’s
office of sustainability, as a result of its interdisciplinary position, takes a broader view of
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green infrastructure. They include vegetation and ecosystem management alongside
utilities and infrastructure such as water, pipes, and solar when thinking about GI. Even
concrete features such as porous pavement, they argue, are a component of a GI system.
Much of their focus is placed on transportation and public right-of-way improvements,
however, which is similar to GSI approaches.
Interviewees also made important connections between green infrastructure and
disaster resilience, in a few cases defining green infrastructure based on resilience
concepts. The sustainability director thought of two primary things when asked about
green infrastructure: “The first is flooding, the creekways having appropriate buffers and
appropriate respect for floodplains, trying to keep up with how floodplains are changing,
because of the [rain] events themselves, but also the urban patterns.” Thus, this definition
is closely related to resilience elements identified by the UN, including ecological
buffers, risk assessment, and urban development. The second item he described was the
concept of distributed networks, “where you have more nodes in the grid… so if one
node goes down, you don’t have as much of a cascade failure across your system…
Doing that with water, wastewater, energy, food, the whole local food movement, is that
in a way.” Thus, the sustainability manager’s interpretation of green infrastructure was
somewhat synonymous with concepts of resilience, as well as GI network concepts
stemming from landscape ecology. This resonates with a growing body of recent research
that highlights the importance of ecosystem services for supporting urban resilience.
The GIS practitioner, while familiar with planning support tools and offering
other valuable insight for the study, serves as an example of how GI is often understood
to be more limited than it actually is. In doing this, he differentiated GI from natural
areas, stating, “Like all infrastructure, it’s manmade, but incorporating natural features in
a way that either enhances recreation opportunities or makes the infrastructure more
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sustainable over time.” While certainly holding a less comprehensive understanding of
GI, and the ecosystem benefits provided by natural areas within cities, he nonetheless
alluded to its resilience qualities nonetheless: “Nature takes back over, you can’t beat it,
and so green infrastructure is about not trying to beat it, but incorporate the concepts into
the infrastructure to make it more sustainable.” Similarly, the non-profit parks fundraiser
interpreted green infrastructure as man-made elements that supplement natural features:
“When I think about green infrastructure, I think about public infrastructure, and private
infrastructure for that matter, that supports and enhances the environment as opposed to
detracting from it.”
In contrast, some interviewees held very broad understandings of GI. The
landscape architect interviewee was perhaps the most inclusive in her interpretation,
considering it as “the whole of the natural world in a city….All the way from preserves to
parks to private open space, to trees, to green stormwater infrastructure. And green
infrastructure that mitigates the urban heat island. So I consider it all of the above.” The
most oriented towards a large-scale land use conception was the conservation planner’s
definition: “When you’re thinking about green infrastructure, it’s not just a rain garden or
swale, but it’s thinking about these vast open spaces that supply water to communities,
improve water quality and reduce flooding.”
In

summary,

amongst

the

Austin

stakeholders

representing

various

professional/disciplinary perspectives, understandings of GI varied in terms of function,
composition and scale. This presents both opportunities and challenges for GI planning in
the city moving forward. As noted by the urban forester, recent prioritization of GI in
local planning has resulted in bringing more disciplines to the table for implementing the
vision of the comprehensive plan, which promises to support an ‘implementation quilt’
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described by the literature in which many types of natural features of varied ownership,
scale, and function combine to feasibly built a GI network.
Nonetheless there are still persistent disciplinary silos at play in Austin’s GI
planning. The environmental program manager pointed to Austin as being lucky to have a
watershed department of 200 employees who are very much aware of the connections
between green infrastructure and community resilience. However since flooding is a high
priority issue in Austin, often the city has a tendency to limit its scope of green
infrastructure to stormwater management, which might overpower other opportunities.
One example given was in corridor or street planning. While the watershed department
does a “really good job” encouraging stormwater management within the right-of-way,
connections still remain to be made between the role played by street trees, the
requirements for soil volume demanded by these trees, and the amount of stormwater
capture provided by trees, and then tying it all together from a design perspective.
There are also potential challenges associated with the discrepancies of definitions
offered by the stakeholders. In many cases, interpretations of GI were limited to a
primary function (e.g., stormwater management), or smaller scale intervention (e.g.,
GSI). In terms of community and land use planning applications, it is important that the
full range of GI interventions, from raingardens to metropolitan parks, are acknowledged
as providing ecosystem functions and considered in the early planning stages. While
Imagine Austin has brought together both broad GI and more narrow GSI interpretations
together as part of its Green Infrastructure Priority Program, it is important that
interdisciplinary stakeholders are able to learn and acknowledges all forms of GI and
their potential benefits when forming goals and objectives for implementation.
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FRAMING GREEN INFRASTRUCTURE & FLOODING ISSUES IN AUSTIN
When asked if they considered it to be an important planning issue in Austin,
several interviewees mentioned that ‘green infrastructure’ is one of eight priority
programs in the Imagine Austin comprehensive plan. The plan defines green
infrastructure broadly, much like this dissertation, as a large scale land use concept to
include features such as parkland, conservation lands and other protected natural features
and open spaces. Significantly, through this prioritization, the comprehensive planning
process has improved coordination between city staff in interdisciplinary roles related to
green infrastructure planning and implementation. However, there are many nuances to
this priority area, especially on the urban fringe in the context of new housing
subdivisions.
The idea of conserving and leveraging creek riparian areas throughout Austin is
not a new one. The concept can be traced back to at least 1976, when Austin Creeks was
published as part of the city’s Bicentennial Project, described as a “bold plan to preserve,
restore, and enhance the creeks and waterways of Austin” (Black, Keever, and Morehead
1976). Now forty years later, hindsight shows that this type of planning approach might
have avoided flood disasters, in addition to achieving the ecological and recreational
functions described by the plan.
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Figure 27: The Austin Creeks Plan, 1976

Green Infrastructure as Amenities in Development Contexts
Amongst stakeholders, the general consensus at this time is that Austin developers
and residents alike care that development is occurring in a ‘safe’ manner. Neither want to
incur the costs and disruption of flooding. However, based on past speculative
development, and considering Austin’s robust population and economic growth
throughout recent memory, there is reasonable concern about growth pressures in certain
cases causing development to occur in higher-risk areas. There perhaps an even greater
concern that lower-income development might occur in more vulnerable and thus less
attractive areas such as large floodplain areas in Southeast and East Austin, where land
prices might be considerably less. Additionally, environmental resilience is not
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necessarily a primary concern in outlying communities on the urban fringe. According to
the developer/builder, these smaller communities are often desperate for commercial
development to offset the reliance on property tax for public revenues. In many cases
new development can help these communities avoid raising their taxes and upsetting
current residents.
In this context, planning for resilience generally does not strive to go beyond
floodplain avoidance when locating new development. Generally, avoiding the 100-year
floodplain as it is currently drawn offers perceived assurance to developers that they will
avoid future flood losses. In market rate development situations, resilience is generally
not given any consideration beyond this regulatory guideline.
In Austin’s greenfield subdivisions, GI features are most often framed as
‘amenities’. The developer/builder interviewee noted that subdivision residents desire
natural features such as trails or a golf course near their homes, even in cases where water
quality or stormwater requirements might not necessarily require it from the developer.
However, the environmental program manager also noted the opportunities presented
through the design of larger scale, site or district-wide stormwater infrastructure to
function as community amenities. The sustainability director echoed the value placed on
amenities, but hoped for a shift in preferences where residents would “stop seeing golf
courses as open space amenities and start seeing stormwater as open space amenities…”
Both the environmental program manager and sustainability director pointed to the
Mueller development, described in more detail below, as an example of using larger
stormwater retention areas that also function as parks and bring additional community
benefits. Said the sustainability director, “no one is going to argue that the perimeter
parkland at Mueller takes away value from that development…”
94

Thus, in the Austin greenfield context a primary opportunity to make connections
between green infrastructure and resilience lies in the creation of amenities that serve
their community’s recreational needs while also providing flood hazard mitigation and
other ecological functions that support urban resilience. In terms of land consumption
versus resilience benefits, the amount of land consumed by a golf course could serve a
much more effective role in this regard if directed toward conserving natural stream
buffer areas, for example. In many cases, illustrated by the new Easton Park development
in Figures 28, 29 and 34, there are missed opportunities for creating meaningful
connections between natural areas and community amenities.
Figure 28: A Somewhat Underwhelming Easton Park Playground
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Austin residents have a storied history of valuing their parks and green spaces, as
well as other recreational amenities such as pools, community centers, urban trails, and
greenbelts. The legacy of this value is reflected in groups such as the Save Our Springs
Alliance, which has successfully lobbied for development restrictions in the Barton Creek
watershed, bolstered by public support. As stated by the parks fundraiser interview:
“When you hear people talk about what they love about Austin, nobody is saying, ‘I love
the skyscrapers and all the concrete we are pouring’. They say ‘I love the hike and bike
trail, I love Barton Springs, I love the [Barton Creek] Greenbelt, I love Zilker Park.”
Many interviewees shared the perception that Austin community members placed
a high value on natural features at smaller scales in their own neighborhoods as well. The
watershed planner expressed growing community excitement around the idea of GSI, for
instance: “When I give talks about GSI, people love it, and I don’t think it’s a fad. I think
it is acknowledging some really basic realities about how natural systems work, how they
function, and how those systems help keep watershed problems in check and help make
our lives better.”
These perceptions of community support for GI are consistent with what has been
found by policy researchers and is supported by evidence from public referendums for
GI, as discussed in Chapter 2. Beatley (2012a) argues that GI is generally supported by
the public because it is an issue that aligns multiple constituencies, including residents
that value recreation in their neighborhoods and communities, developers who want to
attract these residents. As stated by the developer/builder interviewee, amenities such as
trails are cost-effective in that they provide a large attraction at a relatively miniscule
price.
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Figure 29: A Fenced Off Easton Park Stormwater Drainage Facility

While often performing multiple functions (and thus creating overlapping
constituencies), there are also specific issues that resonate with certain communities that
GI can improve. Using green roofs as an example, the landscape architect noted this:
“Ask the community, ‘what is your compelling reason for a green roof?’ In Britain, it’s
for wildlife habitat. In Chicago, it’s urban heat island. In Germany, it’s stormwater. So
you start to understand… what are the issues that each community is confronting, and
how are they applying green infrastructure to solve those problems?... I would say the
majority of people understand that it gets too damn hot, and the fact that their homes may
be flooding… So if you get down to the base level, and talk about ‘it’s hot’, or ‘I’m
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flooded out at my house,’ people will get that. And then you say, what can we do? What
are some of the solutions? And those solutions include green infrastructure.” Thus, in the
case of Austin, there are also resilience issues that resonate with the public, although
these issues are difficult to integrate with community planning.
The landscape architect also perceived a common disconnect between amenity
value and ecological function, and a need to educate the public about the latter:
“Recreational value… that is not a hard sell… an amenity is an easy sell. As an amenity
they’re using it to attract people to buy their product. It’s harder when someone wants to
build a structure and a tree is in the way of doing that, to save that tree. We have no tree
preservation ordinances except for trees that are 19” in diameter and over. So all these
other trees are being cut down all over town right now, which will cumulatively over the
next 10 years make our city hotter. So if you go beyond a person’s one tree on one lot,
versus the public good, public safety and welfare, then you are targeting something that
everybody understands. So a developer may not in fact want to keep those trees, because
they are impeding whatever they want to build. But the public welfare typically rules
out.”
The sustainability director held similar views related to subdivision development
and its relationship with the natural context of its site: “A subdivision should start with its
natural features, and not just from a regulatory point of view… step back and ask what
the community sees or values in the natural features… they aren’t against profit, they
aren’t against the developer making money. But a community conversation will never
say, ‘you can make money and put people at risk, too.’ They’re not going to allow that.
So, we the community are going to lay out a pattern of development that we support and
we want. And that’s what Mueller was.” The planning of the Mueller redevelopment will
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next be revisited briefly, in order to better understand how the community was improved
through green infrastructure, and why it is now so popular with Austin residents.
Lessons from the Mueller Redevelopment
In 1999, the current Bergstrom Airport was completed in Southeast Austin and
the former Mueller Airport, a few miles northeast of downtown, became available for
redevelopment. Occurring in tandem with the city’s urban rail planning, the area was
envisioned to become a more compact and connected project compared to traditional
subdivision development. The value of the development, upon completion, is expected to
be $1.3 billion, including 4,600 homes, 140 acres of open space and 3.5 million square
feet of commercial development, which is expected to generate an estimated 10,000 jobs
(Mueller 2017). Along with its offering of compact housing typologies, including
attached single family townhomes and small lot detached single-family homes, the
development showcases a system of recreational and natural parks and trails that have
been vastly popular with Austin residents.
The sustainability director was involved in the planning of the Mueller
development and provided a valuable perspective on the process and the role of
community stakeholders in shaping final outcomes. In this example, conversations
around stormwater management and flood risk, perhaps more than any other issues,
shaped the community’s embrace of park space and trails. “In Mueller we talked about
flooding, and that’s the only reason we have Town Lake Park, and the SW Greenway,
and the NE greenway, because of flooding [discussions].”
Early iterations of the Mueller development plan, shown on the left in Figure 30,
did not place the same emphasis on stormwater issues, and instead contained “seas of
‘orchard’-style parking.” Town Lake Park, which is now a focal community area of the
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development featuring a preserved airport hangar, was originally overlooked in early
iterations of the project. The approach at that stage was typical in the sense of a new
housing development, in which some flood waters would be pushed downstream and
managed as regional stormwater. “The next conversation was, how small of a footprint
can we put that amount of stormwater into?” explained the sustainability director, “and
[the stakeholders] were like… we don’t want concrete basins… it looks terrible, and we’d
need to put a fence around it.”
He continued: “Nobody really believed in regional stormwater… that was literally
pushing it into someone else’s neighborhood. Literally pushing the water somewhere else
downstream that would have an even bigger, weirder [stormwater] pond. The other thing
is that [the former] airport already had these huge basins on the edge [of the site], so it
was already kind of there. So… we can look at the natural features, see what we’re being
handed, and let’s work with it. Like the whole Southwest greenway, the one that’s
naturally grown over, that’s an original airport detention pond, and we just made it bigger
to hold more volume. [All of the Mueller parks are] stormwater detention to make sure
not more flooding or faster flow went downstream. And we prevented that project from
buying into regional stormwater detention somewhere downstream. But there was
pushback about, well, you’re taking land out of housing production. Yeah, but we’re
being responsible for our footprint. That’s green infrastructure, we’re handling our
footprint…. Working with natural features ended up being cheaper, rather than trying to
go, nope… I’m going to change this thing, and we’re going to flow it all differently. Why
would you do that?”
The resulting plan for the Mueller redevelopment was very much in line with
Benedict and McMahon’s holistic interpretation of GI, which is a land use planning
approach that can guide new urban development along with natural features. Decision100

making regarding stormwater management occurred in tandem with other adjustments,
such as the location of civic spaces and a market-guided shift from office to retail space
following the dot-com bust. These coordinated adjustments were made possible by an
integrated planning approach, in which stormwater and recreation were significant issues
considered early on in the process.
Figure 30: Early versus Final Plans for the Mueller Redevelopment

When asked if Mueller could be replicated, the sustainability director thought so:
“It’s the community coming to it first, and having ideas before developers start putting
their pencil to paper about [their return on investment]… 700 acres, well what can I get,
what’s my development cost per square foot, what’s my utilities… because they’re going
to want to put as little as possible into green infrastructure. So it’s the community coming
together first saying things like, well hey, flooding is important to us.”
“So I think Mueller is a great example of a community, when you ask them,
they’re always going to say, we don’t want to even risk more flooding, and we don’t want
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to pass it downstream. Because at that level, they’re acknowledging that well,
somebody’s got to deal with it, whereas the development community’s like, what is the
minimum amount that I have to manage on my site? What’s the least I have to do, and
then it’s your problem at the city. And then that’s what leads to flooding in urban creeks,
big long creeksheds like Onion Creek start having concentrated problems, because
everyone along the way passed it down.”
To summarize the sustainability director’s main takeaway: “If a subdivision has
ideals that are more than just profit for the developer, then I think that becomes a pretty
powerful thing…I think getting that kind of [planning] tool to communities ahead of the
developers would be a great… that’s what [researchers] should do… have a tool that is
out ahead of [developer] entitlements and that has community support.” While flooding
and natural amenities are both important issues in Austin, the experience of planning the
Mueller redevelopment illustrates the power of these issues when they are coupled within
a community vision.
Growth Trends in Austin
Interviewees provided insights and perceptions on the current direction of growth
and new development in the Austin region. To understand current development trends, it
is important to first understand how the historical planning context has shaped the
direction of growth in the region. Initially, the 1979 Austin Tomorrow comprehensive
plan provided the formal directive with its Priority Growth Areas, focused along a broad
north-south corridor centered on I-35 (see Figure 31) (City of Austin 1979).
Over time, the direction of development in Austin has shifted to reflect growing
concern with maintaining clean water quality in the sensitive Edwards Aquifer recharge
and Barton Springs contributing zones in the western portions of Austin. This led the city
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to develop large-scale classification of watersheds which determine the baseline
impervious surface coverage maximums in different areas of the city. These
classifications are shown in Figure 32. This trend was recently reinforced by the Imagine
Austin plan, which established numerous, more specific ‘activity center’ growth nodes in
the eastern portion of the city. Thus, city planning shaped by environmental concerns has
brought a substantive shift to growth management strategies.
The watershed planner commented on the significant shift in Austin’s growth
management approach: “Go back the Austin Tomorrow Comprehensive Plan… they
actually said, hey, we should be redeveloping this central corridor down through the
middle of town… I-35, Mopac, US-183, that’s where most of the development has
already been, let’s infill that and not sprawl out to the west where our water supply is, but
they also said, don’t go east, you’ve got wide flood plains, high shrink-swell soils, and
good farmland, so those are three reasons to stay away from the eastern Blackland Prairie
areas. Fast forward 20 years later, and there’s a bunch of development wars with the
environmental community, the leaders are saying, how do we convince people not to
develop west? Oh, go east, you can do whatever you want, go wild, our development
regulations will be lower key out there… but it turned out to be a really bad idea, so we
shortchanged the east with that discussion. We completely forgot that 10 years earlier
we’d been talking about floodplains, shrink-swell soils, and farmland. So I think we’re
going to really regret that blindness or amnesia, but that is the direction we are
heading…”
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Figure 31: Austin Tomorrow Priority Growth Areas

The recent construction of State Highway 130 (SH-130) through far east Austin
has served to bolster large amounts of new development activity in that area. Planned and
constructed as a tollway bypass of central Austin to be used as an alternative to I-35 for
through traffic, the new infrastructure has acted as a catalyst for new subdivision
development in eastern Austin through improved transportation access to these areas. At
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this point in time, the areas of future development along SH-130 are already platted out.
Additionally, this area has historically tended to draw lower-income, entry-level housing,
which raises the question of whether development in that area will accommodate the
higher priced homes that could absorb the higher construction costs of building on clay
soils. This raises speculation that this area of growth might encourage new vulnerabilities
in the future.
Figure 32: City of Austin Watershed Classifications

When asked where he thought growth was headed, the sustainability director
pointed to the watershed that was eventually chosen for this study’s exploratory scenario
testing: “Gilleland Creek is where you want to look. It parallels [State Highway] 130 in a
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lot of eastern Travis County, so it’s where the next subdivisions will go, which will
increase flooding. It’s in the ETJ… probably what Onion Creek was in the 60s, so there is
little regulatory framework guiding anything.” ‘ETJ’ is short for Extra-Territorial
Jurisdiction, which is the area within five miles of the city’s jurisdiction and the site of
future annexation. Notably, development regulations are more limited in these areas,
making it attractive for developers to build with less oversite. This is somewhat
problematic since these areas will eventually be annexed, with its tax base and
infrastructure responsibilities shifting to the city. Thus, any unsustainable or vulnerable
development occurring now in this area will most likely become the city’s challenge in
the future.
The developer/builder also noted the tendency of developers to build outside of
Austin’s jurisdiction due to more lax regulatory requirements. Projects tend to get done
faster, usually with less or no water quality requirements. She offered the example of the
Plum Creek master-planned development, which is located in the bedroom community of
Kyle outside of Austin. For this project, there were no water quality requirements, and
regional detention approaches were allowed, creating the flexibility for developers to
design larger water retention ponds between 1,000 acres of shared real estate. While
developers appreciate this flexibility, the environmental program manager noted that
there are drawbacks to these larger scale stormwater features, since they require much
more in terms of utilities to move water across larger distances. Compared to smaller
scale retention designs, which often do not require utilities, the larger scale retention
approach is usually bring higher utility costs, higher maintenance costs, and increased
water velocity. In contrast, large scale landscape features, with natural stormwater
management functions, oftentimes can avoid the construction of utilities.
106

Figure 33: New Subdivision Development in Relation to SH-130

Source: Imagine Austin, Appendix D

The Significance and Implications of Planned Urban Developments (PUDs)
While redevelopment and infill development in central corridors and nodes
consumes much of the planning attention in Austin, a significant share of growth and new
housing construction is slated to take place through the construction of PUDs in suburban
fringe areas. The significance of this model of development in Austin was specified and
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reinforced throughout the series of preliminary interviews, and largely influenced the
selection of an embedded study area for examining future growth in the Gilleland Creek
watershed.
When discussing sites for future urban growth with interviewees, many PUDs
were mentioned by name. Among the most frequently mentioned were Easton Park,
Goodnight Ranch, and Addison in far Southeast Austin; Colony Park, Whisper Valley,
Wildhorse Ranch, and ShadowGlen in far Northeast Austin; as well as more centrally
located projects such as The Grove at Shoal Creek and Austin Oaks. The distribution of
PUDs throughout the Austin region is illustrated in Figure 20.
Noteworthy is that historically PUDs have been politically controversial in
Austin, often the cause of City Council infighting and turmoil, to the point where the
issue has divided councils and altered elections. The debate centers around whether or not
PUDs should continue to be allowed since they require approval on a case-by-case basis.
However, in the end, council members have made the valid argument that PUDs are the
best opportunities for the city to negotiate for improved community benefits within new
development. The discretionary nature of the negotiation allows the city to ask for
essentially whatever they would like to see as part of new development, while the
developer receives the entitlements that they desire. In the end, the model offers the city
more leverage to determine development outcomes, and plan for communities on a larger
scale. On the other hand, PUDs are essentially a form of negotiated zoning, which a lot of
people find unfair since it isn’t uniform between cases.
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Figure 34: A Community Space at Easton Park

If done well, the PUD model holds an enormous amount of potential for
supporting community-scale green infrastructure that functions ecologically in addition to
providing amenity value, as has been shown by the Mueller development. A brief survey
of current PUDs underway in Austin found that nearly all of them market themselves as
amenity-rich communities that embrace natural features. However, in reality, many of the
community assets of new development remain fragmented from broader networks of
natural areas. This can be seen, for example, in the community spaces and stormwater
drainage areas of Easton Park (see Figures 28, 29 & 34).
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Perspectives on the Onion Creek Area
Flooding in Onion Creek was discussed with most interviewees. As stated by the
watershed planner: “You don’t have to look very hard for bad things that have happened
in the past where we’ve put things in harm’s way….Onion Creek, that’s a really
interesting case study.”
The first comprehensive study of Onion Creek was conducted in the mid-1990s,
and brought about the discovery of significant discrepancies in the flood modeling data
for that area. Although the 100-year floodplain had been modeled based on a flood
discharge of approximately 84,000 cubic feet per second (cfs) up until that point, reexamination of flood data showed that dating back to 1869, there had been four flood
events of approximately 100,000–120,000 cfs in discharge. In other words, over roughly
100 years there had been four flood events that well surpassed the listed magnitude of a
100-year flood. Upon this discovery, the data was re-evaluated and the models re-run
with assistance from USGS, and found that in reality, a 100-year flood event was more
along the lines of an 110,000 cfs discharge. After remapping the floodplain using the new
model, ‘hundreds of new homes that had never flooded were ‘suddenly’ drawn into the
floodplain, with homes 5-8 feet below base flood levels (Harmon 2014).
Since the earliest development in Onion Creek didn’t occur until beginning in the
1960s and in most cases after 1970, no homes or other development at the time of the
report were built during the area’s last major flood recorded in the 1940s. However,
somewhat serendipitously, only a few years after the initial report was issued and
floodplain adjusted, Onion Creek flooded in 1998, and then again in the early 2000s.
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Figure 35: Onion Creek 2013 Halloween Flood

Image Source: Austin American Statesman

The conservation planner interviewee expressed the need for a cumulative study
of Onion Creek, something that he said “comes up over and over” in local planning
dialogues. In addition to repetitive flooding disasters over the past 20 years, the
watershed continues to develop at a robust rate, including future development at SH 45
SW, Dripping Springs, development on highway 290, the ‘Y’, infill development on
Slaughter and Williamson Creek, and future PUDs in the eastern portion of the
watershed. Based on these trends, the conservation planner noted that flooding could
potentially become worse in the watershed.

111

Perspectives on Creek Regulations
Managing the relationship between new development and flood prone areas in
Austin is a complex matter, with tensions between a developer’s desire to create a return
on their investment and the city’s desire to avoid flood losses in the future. Generally,
regulations for new development in relation to the floodplain are more stringent in Austin
than prescribed by National Flood Insurance Program requirements. City of Austin code
for the most part prohibits new development from occurring within the 100-year flood
plain, with specific exceptions. While these exceptions are more limited now than ever
before, buildings that are built within this zone must have their first floor foundation
heights at least a foot above base flood elevations.
The City of Austin’s current Watershed Protection Ordinance (WPO) was adopted
in October 2013 with over 220 code changes, including new requirements for headwaters
stream buffers, erosion hazard zone protections, floodplain modification requirements,
and trails facilitation and provision (City of Austin Watershed Protection 2013, 2015).
The ordinance underlines the City’s recognition of the importance of protecting riparian
areas and floodplains, the affordable nature of property loss prevention versus repairs, the
need for a consistent regulatory guidelines, maintaining a balance between environmental
protection and development opportunities, and of stakeholder participation. The
ordinance is intended to support the implementation of green infrastructure, compact
development and connectivity in areas of new growth. It recognizes the multifaceted
benefits provided by healthy riparian areas, including helping to control flood impacts,
reduce stream channel erosion and property loss, maintain good water quality, reduce
operation and maintenance costs for taxpayers, and provide multiple amenity benefits for
communities (City of Austin Watershed Protection 2015).
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Figure 36: New CWQZ Creek Buffer Definitions by Drainage Area

Source: COA Watershed Protection

The WPO defines Critical Water Quality Zones (CWQZs) based on standardized
citywide drainage area thresholds:


64 acres for minor (“headwaters”) waterways (illustrated in the areas outlined
in red in Figure 36)



320 acres for intermediate waterways



640 acres for major waterways

For Suburban watersheds, these stream classifications translate to the appropriate CWQZ
buffer sizes in which most new development is prohibited (illustrated by the green buffer
areas in Figure 36):
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100 feet for minor (“headwaters”) waterways



200 feet for intermediate waterways



300 feet for major waterways

The watershed planner provided additional thoughts on creek regulations and the
new attention to “headwater” areas, which are the upstream areas where streams begin to
accumulate, and often have no baseflow. Prior to the new WPO – or “in the old days,” as
referred to by the watershed planner – these areas would exist as low-lying areas in
farmland and the rural outskirts of Austin: “In the old days we’d look at this and say
‘Yeah, that’s the floodplain but it’s degraded, not really any trees there, the cattle have
grazed it down… so we were letting people modify those and sort of channelize them to
some extent, or modify them a lot, and we were getting problems with it, there was a lot
of erosion there, the gabions and concrete that was put in its place would get torn up over
time, so we instituted new stream buffers that went further upstream.”
Figure 36 uses an example stream reach to show how the updated CWQZ buffer
definitions compare to those enforced in the past. Through the inclusion of smaller
drainage areas, the updated buffers, shown in green, extend further upstream to protect
headwater areas. In comparison, the old definitions, shown in blue, did not extend past
drainage areas of 320 acres. This represents a growing effort by the city to protect GI
network components that are important for ecological health, but might not necessarily be
obvious features in their current state. Over time, these new protections promise to create
a more connected riparian network throughout the city.
Under the WPO, floodplain modification is prohibited in CWQZs unless it is
deemed “necessary to protect public health and safety,” provides a “significant,
demonstrable environmental benefit” as determined by a functional assessment of
floodplain health, or is necessary for development permitted in the CWQZ, such as trails
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or parks. Outside of CWQZs, floodplains may be modified if they are determined to be in
‘poor’ or ‘fair’ condition by a functional assessment of floodplain health. A significant
difference in floodplain modification rules beginning with the WPO was the elimination
of a “Natural & Traditional Character” standard. The city had historically allowed
floodplain modification in areas determined to not have sufficient levels of this subjective
criteria. However, the WPO does away with this method for approving floodplain
modifications, and moving forward it is likely that the new WPO provisions will help
deter developers from modifying floodplain areas through stream channelization.
Thus, the WPO has ‘tamped down’ floodplain modifications, effectively making
them harder for developers to obtain. For purposes of restoration requirements, the city
now assumes the ultimate condition of floodplains. Rather than its current condition such
as bare earth or grass, the roughness coefficients used for modeling stormwater runoff
assume these floodplains to be mature and healthy riparian forest, which is the natural
conditions for streams in both the Blackland Prairie ecoregion found in east Austin, and
the Edwards Plateau ecoregion found in west Austin. This has resulted in more stringent
restoration requirements for developers in the event that they are granted a floodplain
modification. However, with the WPO in place, floodplain modifications are typically
only allowed in emergency situations or under highly controlled circumstances, and
require a significant restoration work on the part of the developer. In most cases where
there is a healthy riparian area in the floodplain, modifications are highly difficult to
obtain, and “a lot of people just avoid it.”
For this reason, according to the watershed protection interviewee, most
subdivision applications now avoid the floodplain outright, “because they don’t want to
go through the whole rigamortal of the floodplain modification thing.” He argued that
recent flooding events in Austin such as those occurring on Onion Creek were the result
115

of past planning mistakes as opposed to recent mishaps: “We are creating very few new
flood problems now in terms of floodplain development in this day and age. It has taken
30 or 40 years to get to the point we’re at now, and I’m not saying we’re perfect, or we’ll
never do better… [but we estimated] that 95% of structures in the floodplain pre-date the
floodplain itself… so that’s a pretty effective rate of success in those areas.”
However, he admitted that there is still a lot of mistrust of the floodplain itself
when new development proposals are made in upland areas of town. Due to the long
history of flooding, especially in certain areas of Austin, downstream residents in these
cases are highly aware of the stormwater issues that might arise from new upstream
development. He described hearing concerns from residents and stakeholders in already
flood-stricken areas about the potential further escalation of flash flooding stemming
from future development in their watershed. However, he argues that these fears are
grounded in past planning mistakes. “A lot of people just aren’t very educated on how
our development process works… I’m not saying that things are perfect either, but I think
there is an assumption that if somebody develops something that it will cause problems
downstream.”
The watershed planner described the current engineering approach for
determining development requirements in various locations within a watershed. For new
development in headwater or upstream areas, developers are generally required to utilize
detention methods to avoid creating new flood peaks downstream. As you get towards the
mouth of a creek downstream, the goal of engineers is to get the water offsite more
quickly, to let it move downstream before the flood peak moves through the area.
However, one planning challenge is that these designs are based on a uniform
hydrograph, in which rain is falling at exactly the same rate across a large area. In reality,
storms in Austin take many different shapes, and impacts can vary greatly between
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localized areas of town. Described by the watershed planner, “You get a big creek like
Onion that is almost a river, and you can have a big system sweep through slowly from
west to east, you cause some real havoc, and it doesn’t look like the model had predicted
it.” For this reason, the City also does modelling based on actual rainfall data from gages
to simulate these non-uniform storm events.
The city’s Watershed Protection department has also put forth considerable effort
to contemplate future flood conditions based on ultimate conditions modelling. This was
made possible when Travis County was one of the first ten counties chosen for FEMA’s
nationwide Floodplain Map Modernization Project (City of Austin Watershed Protection
Department 2016). While FEMA’s flood maps are based on current conditions, the
models created during the modernization project applied fully-developed land use
conditions, in which the maximum impervious coverages allowed by the development
code were assumed for each watershed (e.g., assuming every single family house will
have 45% impervious cover with no detention in place). For watershed areas outside of
the City’s jurisdiction, in which there is no zoning in place, conservative estimates of
future impervious surface coverages are made (i.e., the most plausibly built out
conditions). Using this approach, the City’s watershed department has somewhat
explored how floodplains will potentially expand as a consequence of future
urbanization, in line with recommendations in the literature for precautionary planning.
However, while residents are highly aware of the impacts of future urbanization
on flooding, the more difficult challenge from the watershed planner’s perspective lies in
explaining to citizens that floodplains could very well shift in the future due to climate
change impacts as well. “How is that going to factor in? Well, first of all, we don’t really
know… but we do think that on average the storms are going to get bigger, more
powerful, and then more frequent.” The example of New Braunfels, a smaller community
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in the Austin metropolitan area, was discussed in this regard. Within the last ten years,
much like Onion Creek previously, they also re-examined their 100-year floodplain due
to recent large storm events exceeding their annual 1% chance storm event. Taking a
proactive approach, New Braunfels worked with a statistician to model updated,
expanded floodplains based on more refined data. In many cases in Central Texas,
urbanization will likely pair with climate change to change floodplains over time.
Based on these approaches and legitimate concerns about future climate change
impacts, Austin staff have at times used the FEMA 500-year floodplains as a proxy for
potential future storm events when discussing long-range planning issues. While not
holding any meaningful regulatory power, the boundaries are useful for discussing new
site and subdivision plans: “Just to show where the 500 year floodplain is, as something
to think about, it has an impact on people” when locating new development, homes, and
critical facilities and infrastructure. In a similar fashion, the city is using the 500-year
floodplain for planning-level estimates of how climate change might bring additional
development into the floodplain in the future. Reflecting on utilizing these floodplains to
aide this study’s speculation of future storm events (in place of more sophisticated flood
modeling), the watershed planner replied, “I think it’s a really realistic and reasonable
and practical thing… you already have the polygons drawn, and can do the analysis.”
Commenting on precautionary floodplain approaches, the watershed planner
noted: “I love the idea given that we know that these storms are going to get more
powerful, of course why wouldn’t we – I know we wouldn’t, since it’s a financial gain if
you do it the other way – but the responsible public policy side of it would be, no, we’re
going to [plan on these larger storms].” The sustainability director agreed: “This is
happening elsewhere, the flooding is only going to get worse, so that would be a
fascinating regulatory framework if we say, best practices for building in the 500 year
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floodplain. I think that would be fabulous.” This support is in line with the scenario
planning literature, which has argued for using scenarios to gauge risk and uncertainty
(Chakraborty et al. 2011).
The general feeling was that it wouldn’t be an unreasonable burden on land
developers to plan from a more precautionary stance. Said the watershed planner:
“[Citywide,] how much extra land are you losing when you go from 100 to 500 year
floodplain… it’s probably not going to be a huge percent increase… probably from 16%
to 18% or something, so we’re not talking about a big regulatory taking or land grab, but
for that extra security of having people really understand that they are going to be in a
safe spot, and knowing how expensive it has been to mitigate these post-flood situations,
that’s a big deal.”
Summarizing the flood risk presented by new development, the watershed planner
expressed optimism with some caution about the nuances of development approval: “I’m
pretty confident that our regulations will hold the line on most of that build out,
especially the higher key stuff on the commercial side. There is some concern about the
residential side, where you might have death by a thousand cuts possibility, where you’ve
got building permits allowing one single family residential project after another going in,
or taking your existing home and making it bigger, or putting in a new one, everyone is
going up to almost the maximum. And we don’t require any kind of a flood control or
water quality or anything on those projects, they’re little itty bitty, but they’re cumulative.
Single family residential, duplex, 2 units and under, is just a building permit, no drainage
assessment, you’re not allowed to flood your neighbor, but you’d have to go to court to
work that out, there’s not drainage review.” Thus, while the city has made substantial
progress in avoiding new flood vulnerabilities related to new development, the
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cumulative impacts of single housing development are somewhat questionable, and
subject to less scrutiny.
Perspectives on Scenario-based Planning in Central Texas
Additionally, interviewees discussed their familiarity with scenario planning as it
has been undertaken in Central Texas over the past two decades. Knowledge of the
approach was mostly limited to those who had engaged in past regional planning efforts
in Central Texas. Those whose work focused on smaller-scale planning were less
familiar. However, due to past efforts by the city to utilize tools such as Envision
Tomorrow, there was a relatively high awareness of decision support tools.
The environmental program manager was familiar with both the Envision Central
Texas and Greenprint planning processes, although not involved with them, and also
aware of how scenarios are often used in comprehensive planning. Based on his own
observations, he viewed scenarios as a tool for thinking about uncertainty, asking, “then
why not set up a framework so then when it does happen, we know how to take care of
it.” This view echoes recent research that has supported the expansion of scenario-based
methods beyond normative frameworks, to model plausible environmental factors for
community resilience.
The conservation planner expressed a somewhat critical stance regarding planning
support systems and scenario planning tools. He stated: “My question for you would be
how do you make that information [produced by the PSS] relevant to a place…
sometimes it feels like people are vomiting back information, and same with Envision
Tomorrow, so the big thing I would challenge you with, is how you take that to make
sure it’s locally based, you justify your answers, and the outputs are really relevant.” He
argued that the analysis should be done at the watershed scale, and pointed out that
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Envision Tomorrow and similar tools were originally developed for regional or larger
scale visioning. Only more recently have these tools been applied to district planning at
the parcel level, due in part to the tools’ ability to reliably model specific building-level
information.
The GIS Specialist emphasized the importance of visualized components in
relation to scenario planning conducted in the region: “Scenario planning, in whatever
form, to be truly powerful, needs to have the visualized component. The [metrics], to me,
is the meat that really validates the process, but the [public] buy-in comes from the
visualization. And without the visualization, it doesn’t matter how good the numbers are,
how much they make sense [to experts]… you just can’t get people to wrap their head
around it.” For this study, this implied that how results were visually presented might
impact their communicative effectiveness.
Feedback from stakeholders was consistent with past critiques of scenario
planning, most notably argued by Bartholomew (2007). In his review of land usetransportation scenario-based planning, he noted that there is room for improvement
methodologically in terms of information flows, participatory-wise in terms of designing
the process around community values, and implementation-wise in terms of moving from
a preferred vision to policy solutions. Of the past scenario planning processes conducted
in the region, the most relevant for this project and the stakeholder interviewees was the
Central Texas Greenprint, which is next discussed in more detail.
Perspectives on the Central Texas Greenprint
From his involvement in the project, the GIS practitioner provided a helpful
perspective on the Central Texas Greenprint planning process carried out in partnership
with the Trust for Public Land, to identify priority conservation areas in the Central
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Texas region in the face of growth pressures. When asked to describe the participatory
process, he only had good things to say, calling it “awesome… I have never been
involved in a planning process like this that was so powerful.” The process started with
initial stakeholder meetings in the various counties, where stakeholders identified their
larger goals, with the planning team synthesizing their ideas. While the initial process in
Travis County identified four main conservation priorities, the process became more
refined by the time it was conducted in the other counties, and two additional priorities
were integrated into the framework for the regional analysis. For reference, the
conservation priorities used in the planning process are listed in Table 7.
Forming the foundation of its participatory process, the Trust for Public Land
planning team created maps for each priority area and they were displayed for a series of
“scoring meetings.” Participants in these meetings were given clickers (“like you see on
The Voice”) to rank the importance of each priority from their own perspective, and a
vector overlay analytical framework for calculating prioritization results was modelled
prior to the meeting with ArcGIS’s ModelBuilder functionality. The model was then used
to generate overall prioritization results based on the individual weighting levels choses
by stakeholder participants.
The GIS practitioner described in detail why he found the meeting to be powerful:
“We talked about the data, looking at those maps. It was funny how engaged everyone
was. And we said, ‘OK, now what we want to do is find out which goals you think are
most important. Here are your six goals, we want you to vote for your top goal.’
Everyone had a clicker, everyone voted, and those percentages that came out are what
weighted the goals. And so the ModelBuilder was already set up, all you had to do was
plug in the thing, we broke for coffee and cookies while it took a couple minutes to run,
and that thing ran, everybody came back in and sat down, and we said, OK, here’s your
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map of weighted goals, and everybody booed. It was hilarious. Everybody hated it. So
they said, what do you hate about this? Trust for Public Land did a really good job
running the meeting. What do you hate about this? Somebody said, well I don’t like that
it’s using up all our land for conservation and there’s no room for development. The other
side said, there’s not being enough conserved. Everybody coming from their own
perspective. Then they said, OK, that’s good input, now that we’ve had this discussion,
let’s vote again. So that was about a 30-40 minute discussion, and then they voted again.
Threw up the map, and everyone got even madder, because everyone tried to game the
system, pumping up their numbers. So then it came out crazy, and we talked about that.
And then we voted one last time, and the last map looked very similar to the first map.
And at that point, there was a realization in the audience that this wasn’t about what I
want, this is about what we want. And it was very powerful and very positive and I had
never seen that happen in planning before.”
A big part of the project’s participatory success was created by the ability of the
planning team to produce iterative feedback to the participants over the course of a 90
minute planning meeting. The immediacy of the results created a new level of
“excitement in understanding the tradeoffs that happened.” This can be interpreted as a
form of social learning that happened over the course of participatory process, supported
by a framework that encouraged an understanding of competing interests, and how these
interests could impact planning outcomes. While the process did not utilize development
scenarios necessarily, it was successful in supporting a shared understanding of this
issues surrounding conservation, and a shared appreciation that the sum of individual
interests might not necessarily be the best path forward. Through the development of
compromise, the planning stakeholders realized that better outcomes might be possible.
123

The GIS specialist also provided an interesting perspective on the competing
interest groups involved in the Greenprinting process. From his perspective, the
environmental interests in support of conservation were largely motivated by an
expansion of recreational opportunities, mainly through the expansion of trail-based open
space networks. In terms of interests that centered on mitigating future flooding, this
direction was primarily provided by city and county staff, including a county floodplain
manager. As a result of these overlapping interests, riparian areas became perhaps the
most prioritized natural features for conservation.
The conservationist interviewee was also part of the stakeholder group for the
Central Texas Greenprinting process. He described both pros and cons of the project’s
approach. Many of the stakeholders were public officials or agency staff who were
interested but not necessarily aware of the implications of the data they were using, and
the results were based on who was on those calls, especially for Travis County. Some
consider the results of the Travis County analysis to be problematic due to the
overlapping nature of conservation resources, to the point where other values you might
find were somewhat diluted. The Travis County Greenprinting placed a strong focus on
floodplain, riparian and alluvial soils, woodlands near waterways, water access from a
human perspective, which resulted in eastern floodplains somewhat blowing out other
areas in terms of conservation value. Meanwhile, in the western portion of the county
where there are endangered endemic species, there was “barely a blip on the map for
those.”
The Greenprint utilized a conservation prioritization method called the ‘weighted
sum’ model, a common approach in which individual conservation objectives (e.g.
critical habitat protection, vulnerable ecosystems, water quality, water storage, recreation
value), are each incorporated into a weighted sum conservation value, weighted based
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upon their agreed-upon importance to the community. Overlaid on a map, the weighted
values are summed spatially to determine areas of overall high conservation priority. An
alternative method, called Systematic Conservation Planning, is a more iterative process
for determining conservation priorities. The conservationist wondered if the latter
approach might have been helpful for the Greenprinting process.
The consensus amongst interviewees was that Travis County found the results of
the greenprinting process to be biased, and thus were somewhat unsatisfied with the
results. This highlights the importance of the public input process in establishing agreed
upon conservation values. In the case of Travis County, results depended largely on
stakeholders that advocated strongly for certain values.
Reflecting on the process, the GIS practitioner noted that just like other planning
in the region, the Greenprinting process “was in some ways a failure,” in that it didn’t
live up to short-term expectations of implementation. But, he stressed that the most
meaningful success of the process, like other planning efforts in the region, was in
moving the regional dialogue along, and setting the stage for future iterations and
planning processes.
Perhaps contradicting the feeling that the Greenprint process didn’t have a large
impact, he also noted the practical role that the Greenprint has provided to conservation
efforts since its creation. For example, the plan’s findings were incorporated heavily into
follow-up regional planning efforts, including the long-range transportation plan, and
guided the allocation of bond measure funding supporting conservation acquisitions in
Travis and Hays counties.
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CHALLENGES AND OPPORTUNITIES FOR RESILIENT GREEN INFRASTRUCTURE
PLANNING IN AUSTIN
Funding Limitations
Speaking to the parks fundraiser, it became clear that the city faces significant
financial challenges maintaining their current park area as public amenities. As he stated,
“The city does not now, they never have, and never will, fund parks the way parks should
be funded, to have high quality parks.” He referred to the Trust for Public Land’s Park
Score, which ranks the top 100 cities in terms of parkland management, and Austin was
ranked #49. “It’s sort of our dirty little secret that that we don’t take care of our parks.”
The city ranks well in terms of parkland per capita, but is in the bottom five cities when it
comes to funding. As a point of comparison, the top 10 cities in the country, which
includes New York, San Francisco, Portland and Minneapolis, are spending upwards of
$200 or $250 per capita on parkland. Austin spends about $90 per capita. With a parks
department budget of about $90 million, the parks fundraiser said that they typically deal
with an $100 million or more shortfall every year in terms of spending on parks, just to
keep up, and not including the “probably multi-billion dollar” backlog of deferred
maintenance.
From his perspective, Austin residents care about quality parkland, and get
excited about seeing places like Zilker Park “having an actual lawn, so when they call it
the Great Lawn, it is an actual lawn, as opposed to ten years ago, it was a dirt field.” In
the context of such conditions, some residents are excited and hopeful about efforts to
“level the playing field by developing some of the parkland that the parks department has
in their inventory, so it’s not just raw land sitting there, but parkland with amenities.” At
the same time, there is recognition that green infrastructure, when done well, can be more
affordable than gray alternatives. Said by the conservation planner: “You can see in
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example after example where you have the open space in the right place, you create
amenity and reduce your overall cost in the long term.”
A common issue in practice, identified by the conservationist, is that often green
infrastructure ideas receive lip service, but then are eventually marginalized as higher
priority elements win out in the face of budget constraints. In other words, “everyone
likes saying ‘green infrastructure,’” but it often goes unimplemented. He mentioned the
Pease Park planning process, in which the outcome of public meetings was mainly to
“keep it natural, keep it beautiful, we love the trees. But if you look at the actual master
plan, which is strong in terms of design concepts, the share of the budget actually going
to the ecological management and restoration is so small and generally secondary to the
infrastructure budget. Oftentimes the suggestion is that if we can get the plants in the
ground, we’re done. But we’re not acknowledging the complexity of that work on a very
localized level.” Thus, people are excited about green infrastructure, but not following up
with the actual dollars or oversight of the work. “It comes after things like parking
spaces, bathrooms, and ‘oh, we don’t have any money left for the green infrastructure but
in Phase 2 we’ll put that in.’” The conservationist described his role as “sneaky,” finding
out how much green infrastructure approaches would cost and integrating the ideas early
in the project, in an attempt to “be that space between ecology and design.”
A somewhat extreme example of the funding challenges can be seen in St. John’s
Park in South Austin, which in its current form was described as “not much more than a
vacant lot behind a bunch of shuttered businesses.” The park is surrounded by razor wire
fence, and its pool has been empty for the “better part of 10, 20 years.” As a result, the
park has been plagued by drug deals and crime, as well as perceptions of these activities.
Colony Park was also mentioned as an example, which up until recently was a 90 acre
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piece of raw land and highly undermanaged as a park. Examples such as these illustrate
the challenges of funding parkland improvements to make them accessible and usable.
With this challenge in mind, the parks fundraiser wondered if there was an
alternative way to develop large areas of underutilized parkland such as Onion Creek
Metropolitan Park, which is a 550 acre park currently “out in the middle of nowhere,” but
in the future will likely be located in the midst of new neighborhoods. “I am curious
about how you could take a big space like that, and potentially develop it in a manner
that… are there some creative ways that you could carve out some of the space and
potentially do some sort of development that then supports funding of the park proper?”
For many reasons, he acknowledged that converting parkland to other uses in Austin is
politically difficult and unpopular, since it inherently involves a reduction in park space.
However, he noted that the alternative, in which the master plan sits on a shelf waiting for
funding, does not work well either. Interestingly, his question essentially reflects the
approach used by Planned Unit Developments, in which new urban development helps
pay for parks improvements and amenities.
Questions of funding reflect significant challenges to implementing better urban
GI networks, since cities are often already strained by their current park space. Important
to note is Benedict and McMahon's (2012) conception of the ‘implementation quilt,’ in
which GI networks are not just composed of public parkland, but also land held privately
or by non-profit groups with conservation protections in place. Thus, there are many
forms of more cost-effective natural area protections that require less in terms of public
operations and maintenance costs, such as conservation easements in which development
is restricted on private land.
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Differences in Scale
The environmental program manager noted that, from his perspective,
comprehensive planning processes were often missing a piece between the high-level
planning done in Imagine Austin – using general “bubble” features to indicate planning
nodes – and the parcel-level planning undertaken by the City’s CodeNEXT land
development code update. He noted that “there is a missing piece of… how do these
bubbles actually look, function, feel, how should they be designed?” In his opinion,
projecting impacts for future development was highly related to how these areas were
designed. Typically, regional and comprehensive planning leave gray areas in this regard.
The GIS practitioner made an observation on the Central Texas Greenprint’s
focus on county-level planning: “I think in the Greenprinting process, it was those large
scale concepts, whether the participants knew it or not, are what really drives the process
and where their value system comes from. And what I’m getting at is, the Greenprint, the
way we sold it was, to all stakeholders, which included not only environmentalists and
staff and elected officials but also property rights advocates and large landowners, the
way we sold it to them was, you moved to this location in Bastrop or Hays county…
why? This is about that. It’s about preserving that in the future. And those larger concepts
of water quality, not just that I can drink, but I love my clear streams in Hays County. Or,
ranching heritage, I love the large, open vistas that preserve our cultural past. And so, that
was actually where we got the buy in on the Greenprint.”
The conservation planner also suspected that in many cases, approaching flooding
problems from a higher level could generate alternative solutions. He provided the
example of Hancock Ranch on Shoal Creek, where there are 30-40 homes that have
suffered repetitive flooding due to impervious surfaces on Lamar Boulevard causing
increased runoff. The neighborhood had $20 million to spend on flood mitigation, and
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came up with gray and green infrastructure scenarios, the latter of which utilized rain
gardens in people’s yards. The neighborhood found that their flooding problems could
only be solved by a combination of green and gray infrastructure; rain gardens would not
effectively mitigate the problem on their own. However, the conservation planner noted
that a larger-scale green infrastructure scenario could be possible, in which a limited
number of homes sited in the most-flood prone locations could potentially be acquired to
create new, larger green spaces that could potentially provide an alternative flood
mitigation solution. However, oftentimes challenges such as these are not examined at
such a high level. This is another example of practical tendencies to approach these issues
from the site level when there might be opportunities to manage stormwater from the
district or broader scale.
The conservationist also spoke about Shoal creek, a centrally located creek in
Austin that famously flooded during the Memorial Day floods of 1980 and 2013. “Again
the thinking is that green infrastructure can’t mitigate the problem alone, due to the lack
of buffer area in the highly urbanized watershed… again the lesson learned is that if the
problem had been approached from a green infrastructure perspective from the outset, we
would have many more options available to us at this point. Instead we are left asking
how to solve the problem according to structural and green infrastructure elements in the
remaining space we have.”
Based on this stakeholder feedback, an opportunity and objective for this research
was to provide a link between large scale visioning such as what occurred during the
Greenprinting process, and smaller scale site planning of new subdivisions and PUDs.
Going beyond simply identifying conservation priorities, this research seeks to
understand relationships between these conservation areas and alternative development
schemes and designs of the built environment.
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Disciplinary & Political Tensions
Already alluded to in this chapter, there are differences in disciplinary
perspectives that create challenges for planning and implementing GI for resilience. This
resonates with the disaster resilience literature, which has consistently noted the
professional disconnect between hazard mitigation and other areas of potential
complementary planning efforts. Oftentimes, ripe in the case of Austin, improving natural
methods of stormwater management is at odds with other development and planning
interests.
The environmental program manager expressed concern over the reliability of
historical flood data, mentioning that the issue is a major point of disconnect between
engineers and planners in terms of how they think about flood mitigation. On the one
hand, engineers think about flooding in terms of the ‘average’ historical flood, which is
what guides their designs. When considering climate change, this is problematic because
it will not be an ‘average’ flood in the future necessarily. Fluctuations are growing and
might happen more often in the future. The ‘norm’ might not necessarily be the same as
the historical average with growing occurrence of ‘one-off’ events. His perception was
that while many planners understood the need to design for events that may happen more
often in the future, for engineers this approach was difficult in practice, since it is outside
of any calculations they can actually carry out to guide their design. This creates difficult
discussions when making decisions on major projects and mitigation approaches.
The conservation planner also discussed the differences in bias between
engineering and design firms in his experience working as a contractor. Because a
landscape architecture firm is typically focused on design and the engineering firm is
focused on placing infrastructure, generally these processes do not “pull back” to look at
the bigger picture and think about green infrastructure as a land use challenge.
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In terms of thinking about resilience, the parks fundraiser noted the benefits of
working with interdisciplinary teams that include designers and landscape architects in
particular. He noted that in his experience working with landscape architecture firms,
they have thought about environmental factors in addition to responding to community
input. “When you’re dealing with landscape architects you have a very captive
audience…. They get climate change, they get heat islands, they get flood mitigation…
they’re always thinking about rain gardens and water catchment and how to mitigate the
effects of climate change.” Ultimately, he noted that the “rub” comes because ultimately
it’s a resource issue, relating back to funding challenges. “You can create the most
beautiful master plan in the world, but if you don’t have the money to implement the
improvements that the master plan dictates, you end up with a really pretty plan, and a
park with no amenities.” Since the city has limited funding which they try their best to
distribute evenly, the challenge of implementing the master plan becomes an issue of
developing a sustainable revenue stream.
There are obvious tensions between development and green infrastructure
interests. The developer/builder interviewee expressed support for regional water quality
or regional detention approaches in which these elements did not have to meet sitespecific standards. That is, to have entitlement tradeoffs for participating with other
public and private entities on larger scale stormwater management, and do away with onsite requirements in these situations. This would allow developers to share the cost and
gain developable land, creating opportunities for creating complementary green
infrastructure networks at a larger scale, in theory. This would also create opportunities
for water management features to be located on public property and serve as amenities,
with developers paying to maintain it and channel their water to it. On the other hand,
other perspectives view this approach as simply pushing water downstream to make it
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someone else’s problem. The environmental program manager also mentioned that there
are downsides to managing stormwater at a large scale, and perhaps a mixed approach is
preferable. Larger green areas require more/large utilities for moving all the water on site
to a centralized open space. If a site has smaller, distributed green spaces, there are fewer
utilities connected to those, with lower utility costs, lower maintenance costs, and lower
water velocity. So often a decentralized approach can have its advantages.
The developer/builder also described a process of ‘getting to balance’ in situations
where a floodplain eats away at the amount of developable land on a site. Stream
channeling makes sense for developers when they can recoup enough land from the
floodplain to pay for the channeling work. Typically, developers will approach
floodplains by first asking if they can obtain additional developable acreage from their
site through stream channelizing, and then secondly asking if it can be made into an
amenity. Other disciplinary perspectives would argue that stream channeling creates
negative downstream impacts that outweigh the potential amenity benefits. The developer
also noted tensions between green infrastructure approaches and impervious cover rules
prescribed by the City’s Watershed Protection Department. In some cases, impervious
surface requirements can create roadblocks for amenities such as trails, which can serve
as green infrastructure elements with recreational value for residents.
There can even be disciplinary tensions amongst those who fully support green
infrastructure. This could be seen from the perspective of the designer when discussing
the potential of green roofs: “Well, there are regulatory issues. Watershed Protection, still
for some reason, doesn’t think that green roofs retain stormwater, and won’t give anyone
credit for that. Whereas all over the country, they get credit for that. All over the country,
they give credit for depth of green roof, and cubic footage, and the amount that can
absorb and delay the peak flow… if people could get credit for stormwater retention, they
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wouldn’t have to build some other facilities on their site, because they’ve already done it
through green roof. So it would save them money to do so. Also there are regulatory
issues with rainwater harvesting, they want you to dump the rainwater within 48 hours so
that the tank is ready to accept the next storm event. Well if you dump it out, the ground
is already saturated, you’ve lost that water, and then you can’t use it if it doesn’t rain, for
irrigating your landscape.”
The sustainability director expressed optimism in interdisciplinary approaches to
resilience and overcoming development interests. “Design professionals [get it]. So do
architects, planners and engineers, who are doing stuff not because they are getting paid.
So they’re bringing their expertise and their ability to translate development and design
ideas into neighborhood ideas, and they can do that crosswalk. But they’re not getting
paid by a certain [interest group]… once you start getting paid by someone, you are
trying to get that person’s idea done. If [the community] has more tools, then magic
happens, and it’s before the developer money gets there. As soon as the developers start
making their assumptions, ‘I can’t carry this land for more than 4 years’, or ‘I need to
make this kind of density, and that’s the only way it can work’. Well of course that’s not
the only way that can work. There’s probably 30 ways to develop this piece of property,
right? We all implicitly know that. And why we ever let a developer get away with,
especially on big land… the bigger the piece of land, the more creativity there should be
with it, the more options there are.”
Summarizing the approach of development interests, the sustainability director
explained: “The developer’s job is to ask: How can I optimize my return on this? And
that’s the least amount of stormwater, because I can’t sell a stormwater feature, so the
least amount of any green infrastructure, what’s the least amount of parkland I can get
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away with? And the building types are: What does the market want? It’s not what is
resilient or most efficient given natural features.”
In addition to the disciplinary tensions discussed, at times GI planning in Austin is
subject to political agendas that can impact its planning and implementation. The
developer/builder perceived green infrastructure to be an important issue for residents in
certain contexts. But, she also noted the tendency in Austin, from her perspective, of
issues such as green infrastructure, along with neighborhood preservation and community
character, serving as a thinly veiled disguise for residents not wanting to see any change
in their neighborhoods, often referred to as NIMBYism (i.e., ‘Not In My Back Yard’).
This argument, refers mostly to the debate about redevelopment in Central Austin. While
impervious restrictions are applied at various levels in all parts of town, the development
community has made the argument that perhaps impervious maximums should be
increased in central areas of Austin, in order to absorb a greater share of growth and thus
indirectly support conservation priorities on the urban fringe. A unique condition in
Austin is the enforcement of impervious coverage limits in “obviously urban” contexts,
as well as the presence of single family zoning – where impervious cover maximums are
only 40% -- in locations very near the urban core.
When asked if he thought planning conversations had been elevated in the region,
the sustainability director was less optimistic and pointed to persistent political
challenges: “No. I think the market forces in Central Texas have overridden any interest
in regional planning…. Counties in TX don’t have the power to do anything even if they
wanted to, so then you are down to the project level. In other states, where counties and
regions have some power, they probably could do something with this at that scale,
across jurisdictional scale. But there’s too much money to be made by individual
governments and individual developers, and the legislature is always there… I know
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that’s a cop out, but they do it every single time. They loosen any local effort on
resilience or sustainability or any of that kind of stuff.”
The GIS practitioner provided a specific example where broader politics had
swung in the other direction regionally. While Travis, Hays, Bastrop and Caldwell
counties participated in regional Greenprinting efforts with the Trust for Public Land,
Williamson County opted to not contribute a “relatively token” amount of funding
towards the project to show reflect commitment. Interviewees could only speculate, but
the election year and a strong support for private property rights in that county may have
been factors in their decision to not participate in the process.
Concerning these tensions, the landscape architect described her approach as an
advocate: “I understand… this is my real mantra… the purpose of the left is to move the
right more to the center. So if you understand your purpose, right, it is not to make the
world into a green infrastructure world. It is to move the masses more to the center. And
over time, that will happen. You know I’m an old hippy, people were doing granola and
yogurt, yoga and meditation, and now look at it. It’s in the popular culture, right? So over
time, that is the reality.”
On the upside, the urban forester noted that resilience is a growing topic of
planning conversations in her circles, although perhaps not representative of the larger
whole. “For the community that is interested in land management, and urban forestry, and
green infrastructure, [resilience] topics are coming up on a regular basis. Whether it’s
forest pests that we are planning for and dealing with currently, anticipating future
problems for us, or whether it’s what’s appropriate to be on our list of trees that we
recommend to be planted here. How much leeway should we put in there for plants that a
lot of people don’t consider native to this area? How big of a deal is that? So, yeah, it’s a
topic of conversation.”
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Less familiar with flooding issues in Austin, the urban forester pointed to other
local efforts related to wildfire prevention, another important resilience issue facing
Austin. The process of implementing the City of Austin Urban Forest Plan in conjunction
with the Travis County Community Wildfire Protection Plan was contingent on creating a
coalition of regional partners. From her perspective, it was one of the stronger coalitions
in the region, with several different partner agencies. Their efforts have produced wildfire
modeling techniques that have been highly effective as a demonstration and public
engagement tool. Reflecting on this, the urban forester wondered if a similar approach
might be undertaken for regional flooding issues.
Ultimately, in her mind, the perceived importance of resilience depended on its
framing with a clear message. She noted that the strong message of public safety has
resulted in more funding going towards fire, police, and EMS, while usually parks and
libraries are the areas getting budget reductions. She pointed to the Community Wildfire
Protection Planning process as an example of clear messaging, which was “not if but
when.” The takeaway, in this case, was clear: “if you’re not proactively managing for the
threat of fire, you’re basically not doing your job.”
While there is certainly a growing interdisciplinary approach in Austin, these
examples shed light on the practical challenges that this process of integration faces.
Political challenges are especially problematic, since they can shift with election seasons,
and often do not reflect the broader knowledge base. Highly related is the perceived
negative impact of conservation practices on economic development, as reflected in
Williamson County’s decision not to contribute to the regional greenprinting efforts.
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Challenges of Equity
Finally there is the durable challenge of social equity, and the related concept of
social vulnerability when discussing community resilience. In one example, the
sustainability manager noted that a big “blind spot” in his mind regarding resilience was
health, in terms of future problems related to airborne and waterborne diseases that are
rarely discussed in long-term planning conversations. He feared that along with flooding,
these problems will likely disproportionately impact vulnerable populations. He feared
that with new development in Austin, vulnerable populations could be pushed further east
to areas with higher climate hazard risks and less access to resources to adapt and deal
with the impacts.
In this regard, he noted the complexity of drawing future ecological scenarios,
because of potential impacts to native plant populations in cases where invasive species
might thrive. These systems, characterized by degraded biodiversity, typically produce
more in terms of vectorborne illness and less in terms of ecosystem services, creating a
“web” of stressors that includes lack of access to resources, transportation, healthy food,
and then on top of these things increased exposure to heat and diseases. In these
situations, fixing just one stressor does not necessarily fix the web of issues. However,
the environmental program manager was convinced that planning and design of the built
environment could have positive impacts on this complex web of issues related to
vulnerability.
The parks fundraiser commented on a growing recognition of equity issues in
Austin, and the implications that it holds for parks planning. “You go out and look at St.
John’s Park or Colony Park, in these communities that are far east, northeast, southeast…
what they call parks, most people wouldn’t refer to as parks. They’re vacant lots, empty
green spaces…. So I think people get excited about efforts to level the playing field, and
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develop some of the parkland that the parks department has in their inventory, so it’s not
just raw land sitting out there, but parkland with amenities.”
He emphasized the importance of community engagement in this regard: “We
find that where communities are engaged and being active in advocating for their local
parks, you see a much higher quality of park.” Traditionally this has been achieved more
in affluent neighborhoods, where fund raising and grant writing has generally been more
successful due to the resources available to these communities. However, over the past
five years, the parks fundraiser noted that he has worked with more low income
communities “where there is a lot of passion and a lot of ownership but not necessarily a
lot of resources.” In these cases, his organization has focused more on fundraising to
leverage the energy of these communities with appropriate resources.
These issues of equity relate to Cutter et al.’s (2003) conception of social
vulnerability, and the significant impact that factors such as household income, age, race
and ethnicity, quality of the built environment, single-sector economic dependence,
housing stock and tenancy, occupation, and infrastructure dependence can have on a
community’s ability to cope with disaster. An obvious example can be made of portions
of Onion Creek, which historically has been the site of lower-income or entry-level
housing development. This example is consistent with broader tendencies to locate more
socially vulnerable populations in areas that are already physically vulnerable and thus
less attractive and more affordable. Generally there was agreement amongst the Austin
stakeholders that this situation would likely continue as growth expands to the east, and
lower-income households are displaced from more central areas that are becoming
increasingly more expensive. Since the eastern portion of Austin is the site of large
floodplains and unstable soils, it is reasonable to expect that new affordable housing
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might locate in these less attractive areas, likely without the necessary but more costly
building practices to mitigate these environmental factors.
SUMMARY OF INTERVIEW FINDINGS
In summary, interviews revealed that both green infrastructure and flooding are
relatively prominent planning topics in Austin amongst stakeholders and broader
communities. In fact, flooding considerations have played a primary role in development
decision-making at times, such as during the planning of the Mueller development.
However, tensions between development interests and community resilience still persist,
and the issues related to resilience are highly complex and intertwined. Many of the
interviewees supported the contention that there are strong missed connections occurring
between green infrastructure and resilience interests, and voiced interest in a planning
method or tool that might help understand these missed relationships during master
planning stages. Generally, interviewees echoed the view of the conservation planner,
who called it a “justified and huge” topic.
Interviews also underscored the significance of master planned subdivisions on
the urban fringe, which represent a large share of Austin’s current growth, and will
certainly bring with them ecological consequences. A key challenge lies in building
community support for plans that embrace rather than minimize natural features such as
floodplains. Through thoughtful, interdisciplinary approaches to community planning, in
which community interests outweigh development interests, there is much potential for
improving the overlap between providing stormwater management and community
amenities.
Building on this information, the following chapter outlines the development of a
planning tool that seeks to fill the gap between community and development interests, at
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a scale that provides the necessary site-level detail necessary for implementation, and
with feedback information that can speak to the environmental, economic, and equity
issues described in this chapter. The results of beta-testing this tool are then shared in
Chapters 6 and 7. The project concludes with a discussion of findings as they relate to the
Austin context.
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Chapter 5: Developing an Integrated Planning Support Tool
DISCRETE PLANNING SUPPORT TOOLS: HAZUS-MH & ENVISION TOMORROW
Two distinct planning support tools were paired to conduct the scenario based
analyses: (1) Envision Tomorrow, an open-source ArcGIS plug-in for modeling
urbanization scenarios and estimating their sustainability impacts across a range of
metrics; and (2) Hazus-MH, a multi-hazard disaster loss estimation software developed
by FEMA for modeling the impacts of floods, hurricanes and earthquakes on people and
property. The purpose of combining the two software systems is to enable the testing of
alternative green infrastructure and urban development scenarios against a range of
plausible flood events, to produce planning information that supports an integrated
understanding of the relationships between urban development, natural systems, and
community resilience.
At the time of this study, there are only a few examples in planning research and
practice where substantive effort has been made to link or combine scenario planning
tools with disaster loss estimation or risk assessment models. In the context of disaster
recovery planning, the most significant example was the process undertaken to plan
rebuilding efforts following Superstorm Sandy (US EPA 2015a). In that example, the
Geodesign software Community Viz was combined with Hazus-MH to assess
development alternatives in terms of their vulnerability to coastal storms and hurricanes.
However, the disaster loss estimates were reported as course aggregate data, and did not
gain traction in the participatory sense. Exploratory scenario planning has also been most
notably conducted by the Sonoran Institute for large-scale conservation planning
applications (Roberts 2014).
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Hazus-MH: Disaster Loss Estimation
Hazus-MH couples hazard identification with vulnerability assessment, using a
nationally applicable standardized methodology that contains models for estimating
potential losses from earthquakes, floods, and hurricanes (Federal Emergency
Management Agency 2016b). For this dissertation’s focus on riverine flash flooding in
Austin, the Hazus Flood model was utilized. The software uses science, engineering and
mathematical modeling paired with GIS spatial capabilities to estimate (1) physical
damage to residential and commercial buildings, schools, critical facilities, and
infrastructure; (2) economic loss, including lost jobs, business interruptions, repair, and
reconstruction costs; and (3) social impacts, including estimates of shelter requirements,
displaced households, and population exposed to hazard scenarios. Planners can use
Hazus to graphically illustrate high-risk locations, and visualize the spatial relationships
between populations, assets and resources for the specific hazard being modeled. It
supports risk-informed decision making and provides a basis for developing hazard
mitigation plans and policies, emergency preparedness and response, and recovery
planning (FEMA 2016).
Hazus includes data and scientific models from interdisciplinary research areas
related to the built environment and environmental hazards. It includes an inventory of
hazard and building stock data, as well as national data for essential facilities, high
potential loss facilities, selected transportation and lifeline systems, agriculture, and
vehicles and demographics. The Hazus flood model includes a hydrology and hydraulics
model coupled with a building damage model relating flood depths to property damage
(Federal Emergency Management Agency 2016a). The Hazus hurricane model ties
hurricane strength to wind speeds that vary according to geography and other contextual
factors. Wind speeds are then applied to building inventory data with a library of over
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200,000 damage curves that estimate building stock damages depending on a variety of
building attributes such as construction material, foundation type, the number of floor
levels, etc. (Federal Emergency Management Agency 2016a).
However, the Hazus software in its current state is generally limited in terms of
how it can be applied and integrated into related local comprehensive planning efforts.
While the software does include the capabilities for advanced users to model future
building stock information in terms of construction and other physical characteristics, the
program lacks an interface to meaningfully engage with future urbanization scenarios and
their corresponding sustainability impacts. Because resilience is intertwined with
sustainability, it would be advantageous for planners to have hazard risk assessment
coupled with information related to other impacts of urban development on community
sustainability. Such integration promises to support a better recognition of tradeoffs and
complementary synergies between economic, social and environmental systems as they
relate to sustainability and community resilience. If more disaster resilient alternative
land use and infrastructure patterns also promote more resilient ecologic and economic
systems, greater political support for those ideas may be more likely.
Envision Tomorrow (ET): Participatory Tool for Scenario Planning
ET is a plug-in for ArcGIS that offers a platform for modeling and testing future
urbanization scenarios. As urban development schemes are modelled spatially, ET
dynamically calculates a suite of feedback indicators (i.e., metrics) based on integrated
data and peer-reviewed analytical models that estimate the impacts of urbanization on
quality of life, fiscal balance, housing costs, transportation behavior, emissions and
resource consumption, and other areas of sustainability (Fregonese Associates 2016).
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Feedback indicators are driven by the physical and financial characteristics of the
built and natural environments, which ET offers a platform for creating, editing and
managing databases of attribute information, including collections of detailed building
prototype models and urban form assumptions that can be calibrated to various types of
urban land use and development (e.g. single family detached residential, commercial
corridors, compact neighborhoods, office park, etc.).
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Table 9: Potential Outputs of an Integrated Envision Tomorrow + Hazus Planning
Support Tool for Resilience

Economy

Built & Natural
Environment

Social Equity

Cost of new infrastructure
Building value and revenue
Costs of parking-related facilities
Jobs-housing balance
Distribution and employment space
Financial feasibility of development
Lost jobs from scenario hazards*
Business interruptions from scenario hazards*
Repair and reconstruction costs from scenario hazards*
Urbanized acres
Infill Development or Redevelopment
Regional density
Connectivity
Urban parks per capita
Loss of agricultural land and rangeland
Acres of impervious surface
Impervious cover in special areas (e.g. aquifers)
Building energy use
Carbon emissions
Internal water consumption
Landscaping water consumption
Solid waste production
Waste water production
Vehicle Miles Travelled and related transportation indicators
Physical damage to residential and commercial buildings from scenario hazards*
Physical damage to schools from scenario hazards*
Physical damage to critical facilities from scenario hazards*
Physical damage to infrastructure from scenario hazards*
Atmospheric carbon dioxide removal & storage**
Air pollution removal**
Stormwater interception/reduction**
Temperature modification**
Housing affordability and demand
Housing mix
Housing balance
Shelter requirements for scenario hazards*
Displaced households from scenario hazards*
Population exposed to scenario hazards*

While widely considered an effective tool for community sustainability planning,
ET is less useful for resilience planning due to its lack of hazard risk assessment and
disaster loss estimation capabilities. In addition, ET and other scenario planning tools
also lack meaningful feedback information related to ecosystem services can that support
resilience through effective green infrastructure planning approaches (Hilde and Paterson
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2014).2 For example, Envision Tomorrow does not make a meaningful distinction
between open space and other forms of development beyond differences in impervious
cover.
The integration of these analytical capabilities promises to improve the utility of
scenario planning tools for the purpose of resilience planning, and in the process, open
avenues for drawing stronger relationships between community planning and local hazard
mitigation efforts. As noted by the UN Ten Essential Elements of Resilience, hazard risk
assessment and ecosystem services are both integral to supporting community resilience.
Thus, improvements to analytical feedback related to hazards and ecosystems produced
by planning support systems could improve the disaster resilience outcomes of
community planning processes. These improvements would also support planning
endeavors that seek to incorporate green infrastructure approaches to land use planning
and community design.
Table 9 gives an overview of the information outputs that would result from an
integration of ET with Hazus and enhanced ecosystem models. While this dissertation is
focused on the specific methodological contribution of pairing the ET and Hazus models,
the resulting planning product would be most effective with the additional inclusion of
ecosystem feedback, and should seek to eventually incorporate these indicators with
damage loss estimation as part of a comprehensive green infrastructure planning tool.
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Opportunities to incorporate ecosystem services metrics into the ET interface exist through analysis
models such as those embedded in the i-Tree urban forestry software from the U.S. Forest Service. The
suite of web-based and desktop software tools offers opportunities to estimate the benefits of local and
regional forested areas and potential future reforestation opportunities. Since ET is driven by Excel-based
analytical models, there is a significant potential to incorporate ecosystem services metrics into the
software’s dashboard of feedback information, including impacts on stormwater runoff quantities, air
quality, carbon storage and sequestration, and urban heat island effects, all of which have important
implications for resilience planning.
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TECHNICAL ISSUES CONSIDERED WHEN DETERMINING INTEGRATION APPROACH
Both the ET and Hazus models are driven by spatial datasets in which geographic
features are linked to tables which contain data describing the features. In these attribute
tables, individual geographic features are listed as records (i.e., rows), while numeric and
qualitative information about the features are listed in attribute fields (i.e., columns). For
example, if a spatial dataset contains building features, the attribute table might include
fields describing each building through attributes such as a unique ID, building address,
zip code, square footage, building height, or the year it was constructed. Geographic
features always contain unique IDs, which allows additional attributes to be joined or
related
In the case of Envision Tomorrow, alternative urban development scenarios are
housed in scenario geodatabases, in which each development scenario is created as its
own distinct feature class (i.e., shapefile) with a corresponding attribute table. The
geographic features used for creating scenarios (i.e., the unit of analysis) depends on the
needs of the user, data availability, and the scope of the planning process. For regional
studies, census geographies such as tracts or blocks are commonly utilized. For district
level or more detailed planning efforts, parcel geographies can be used. In other cases, a
customized polygrid can be created by the user to support specific scenario building
needs. In any case, ET requires polygon geographies (i.e. areal units) as the basis for
creating development scenarios. Users of the software commonly refer to “painting”
scenarios, as development typologies are applied to selected geographic units and are
indicated with corresponding colors on the map or site plan. Important to note is that
geographic units cannot be partially painted, and the characteristics of the built
environment are assumed to be distributed evenly across each geographic area.
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In this way, ET is an aggregation tool that quickly estimates the sustainability
impacts of urbanization alternatives. When a census tract or parcel is painted as a
development type in ArcGIS, this spatial information is relayed to the Excel-based
Scenario Builder model through Python programming. The Excel-based building and
development models in turn calculate sustainability impacts based on the underlying
building prototype information and open space assumptions. The specific locations of
buildings, streets, sidewalks, parks and open spaces need not be identified; rather, place
types are applied to zones and the number of buildings, residents, jobs and other
community information is calculated based on parcel sizes, block dimensions, street and
sidewalk widths, and other information related to the built environment that are defined
in the underlying models.
Hazus, in comparison, calculates flood loss estimates based on aggregate building
stock data and/or point facility data supplied by the user. The software comes equipped
with a comprehensive building inventory aggregated by census block, chosen “due to its
relatively small geographic size and the capability of the census to identify data at that
level of detail” (Federal Emergency Management Agency 2016a). Because census data
only provides sufficient information for residential structures, Dun & Bradstreet provided
the software with data for non-residential structures at the census block level. The
inventory reflects the most up-to-date information possible at the time it was created,
which is from the 2010 US Census. Besides being somewhat outdated, the default
inventory is also limited from testing the resilience of future development or other
alternative development patterns.
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Hazus user levels and user-supplied data
For this reason, Hazus supports flexibility for users to update or improve the
building inventory for their analyses, allowing users to pursue three ‘levels’ of analysis
depending on their objectives and resources. Level 1 analysis is the simplest type of
analysis requiring minimum effort by the user, based primarily on data provided with the
software, including census information and broad regional patterns of foundation
distributions. In this case, the user is not expected to have extensive technical knowledge,
and additional user input can be gathered from published sources. The Hazus-MH User
Manual notes that at this level, estimates can be crude, and are more appropriate as initial
loss estimates to determine where detailed analyses are warranted (Federal Emergency
Management Agency 2016a). It is also noted that this approach would require one week
to one month for the user to collect relevant data and run the analysis.
Level 2 analysis improves Level 1 results by considering additional information
that can be easily converted to meet methodology requirements, providing users with the
best estimates of flood damage and loss that can be obtained using standardized methods.
The approach requires more extensive inventory data as well as the use of improved
hydrology and hydraulics models, and depending on the size of the region and level of
detail desired by the user, would require one to six months of user time to obtain the
required inputs.
Level 3 analysis requires extensive efforts by the user to develop information on
the flood hazards and the measure of exposure, incorporating results from engineering
and economic studies carried out using methods and software not included within the
Hazus methodology. This approach typically requires the assistance of technical experts,
the use of extensive inventory data, and is estimated to require six months to two years
for conducting the analysis. Important to note is that each subsequent level of analysis
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builds on and supplements the data and analysis procedures available in previous levels.
The tradeoff between level of analysis and required user effort is shown in Figure 37.
Figure 37: Hazus levels of analysis and user sophistication (Federal Emergency
Management Agency 2016a)

Technical challenge: Translating between aggregate and building-specific information
Because both ET and Hazus both have the capability to analyze data at the census
block level, it is logical to think that the variables of both models might be linked by
relating their databases through a common field. Because each census block in the US
has a unique identifier, information generated by the ET models and aggregated at the
census block level could easily supplement or take the place of the census block
inventories included with Hazus, much as described in the Level 2 analysis methodology.
However, through an initial proof of concept study, including consultation with expert
Hazus user and educator Kevin Mickey from Purdue University, it was determined that
this approach would not be as straightforward as it first seemed.
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Critical in developing the approach used in this dissertation is an understanding of
how dasymetric boundaries are applied when using aggregate inventory data in the Hazus
Flood model. Intended to improve the reliability of the default Level 1 results,
dasymmetric boundaries generated from the National Land Cover Dataset are
incorporated into the Hazus spatial datasets to distinguish between populated and nonpopulated areas of each census block. Rather than an even distribution of census data
across each census block, Hazus is able to limit this distribution to only populated areas
within each census block. For default approaches, this improves the estimated locations
of buildings by preventing them from being distributed in non-populated areas.
Unfortunately for the purposes of this project, they also create a significant challenge for
modeling future urbanization in areas that are currently unpopulated, which is the case in
most greenfield contexts and in the cases examined by this project.
With this hurdle in mind, an alternative approach was developed using usersupplied facilities, which are imported into Hazus as building-specific point features.
This approach, in turn, created its own demands for translating aggregate outputs from
ET into building-specific point data suitable for importing into the Hazus model. The
remainder of the chapter outlines the steps taken to integrate the two models using this
approach.
CALIBRATING ET BUILDING TYPES, DEVELOPMENT TYPES, AND GRID CELL
GEOGRAPHY
The need for building-specific point data for use in Hazus called for a parcelbased approach for developing urbanization scenarios in ET. However, the use of current
parcel geographies creates challenges for envisioning alternative development patterns,
both past and future, because it imposes the current layout of parcels and their
boundaries, which includes the street network. For this important reason, it was
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determined that the use of parcels would effectively limit the ability to model alternative
green infrastructure plans in a meaningful way.
In most cases, the use of parcel or other building-specific geographies presents
advantages through more reliable and detailed results, but with corresponding challenges
for the user in terms of data preparation. The use of parcels typically allows existing
conditions such as land use, population, housing units, employment, land and
improvement values to be defined in the model at a higher level of detail. However, the
process of disaggregating this information to the parcel level can be more challenging
than keeping it aggregated at the census block level. For this reason, parcel level data is
typically only used when such a level of detail is needed, at the district or corridor scale.
For this application, the need for coding existing conditions into the model was
unnecessary due to the fact that the scenarios were occurring in the context of previously
undeveloped, greenfield areas (see Chapter 6 for more details about these contexts).
Thus, there were no limitations in place in this regard for developing the geographic
framework for spatial analysis.
The primary challenge in linking the two tools lied in translating, or creating a
‘cross walk’, between ET’s aggregated model outputs and the required user-supplied
point features when inputting into Hazus. This required a method for generating buildingspecific features through the scenario creation process in ET. This perplexing challenge
was solved by creating grid cell surfaces of various sizes, calibrating building and
development typologies so that their gross parcel density corresponds to the grid cell
sizes, and then using extensive geoprocessing methods to assign the appropriate grid cell
size to the areas where the corresponding development types are located.
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Building Off Prior ET Planning Efforts
The development of building and development typologies for this project
benefitted from previously conducted planning work in the Central Texas region using
scenario planning techniques supported by ET. The initial ET building library dates back
to Envision Central Texas, but was calibrated to regional conditions again in 2012 for the
Central Texas Sustainable Places Project, a HUD Sustainable Communities regional
planning implementation effort. In 2014 the City of Austin contracted with the University
of Texas to test the economic development impacts of implementing high capacity transit
in Central Austin using ET scenario modeling at the building level of analysis.
At the time of writing, the City’s land development code rewrite process is
working with Fregonese Associates to model zoning code alternatives with ET. This
ongoing effort offered important guidance for calibrating the place types used for this
project, both through its interpretation of existing zoning definitions through ET building
and development typologies, as well as future ‘transect’ zoning that serves as an indicator
of the direction of new development in Austin. Additionally, the draft code rewrite
offered guidance on what types of future transect zoning might be located in the context
of greenfield, urban fringe development. Development types of existing zoning were
helpful for modelling existing development, and transect development types were useful
for characterizing aspirational future development.
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Table 10: ET Development Type Libraries previously calibrated in Central Texas
COA CodeNext Development Type
RR
VLDR
LDR
LMDR-SL
MDR
MHDR
HDR
NC-L
LC-L
GC-L
RC
SC-L
HC
FI
GI
HI
R&D
COA Transect Zones
T3N.IS
T3MS
T4N.IS
T4N.SS
T4NC
T4MS
Generic Development Types
Single Family Subdivision
Multifamily
Corridor Commercial
Office
Industrial
Civic
Aspirational Development Types
Compact Single Family (Mueller)
Transit-Oriented Development
Mixed Use Center
Main Street Commercial

Avg. Lot Size (SqFt)

Avg Height

Avg FAR

HU/Gross
Acre

85,000
31,000
8,649
4,561
18,850
132,026
118,932
55,035
37,600
41,942
42,945
24,460
128,298
267,206
309,367
393,438
56,931

1
1
1
2
1
2
2
1
1
2
2
1
3
1
1
1
1

0.06
0.17
0.27
0.44
0.45
0.79
0.99
0.32
0.30
0.69
0.76
0.28
1.52
0.35
0.37
0.35
0.39

0.7
2.3
4.0
8.1
13.5
18.1
23.4
18.0
-

Jobs /
Gross
Acre
2.2
11.7
30.3
49.7
62.2
8.7
24.6
23.3
25.0
21.4
27.5

8,000
9,000
8,250
8,063
12,500
10,250

2
3
2
2
3
3

0.50
1.45
0.52
0.56
0.58
1.72

8.2
15.0
11.7
16.5
19.9
20.5

10,052
20,156
60,000
115,000
125,000
125,000

1
2
1
1
1
1

0.31
0.77
0.31
0.36
0.33
0.23

7,195
20,250
27,500
22,250

1
3
2
2

0.46
1.87
1.14
0.90
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0.7
2.5
4.9
10.4
16.6
23.4
31.3
26.0
-

Jobs /
Net
Acre
3.0
14.1
35.3
61.3
82.6
12.2
35.6
26.4
25.8
22.1
32.9

10.9
23.

10.2
23.7
13.9
19.6
23.7
29.7

17.24
34.4

4.6
18.7
-

11.1
22.2
11.9
7.7

5.1
29.4
-

19.8
37.9
15.4
13.2

5.2
22.0
10.9
6.7

24.9
33.8
32.6

9.0
37.5
15.6
10.5

42.3
48.4
50.7

HU / Net
Acre

Calibrating building typologies to past and future development
The process of creating a building library for this project started with an inventory
of (1) what was built in the Onion Creek study area and exposed to the 2013 Halloween
flood; (2) planned development in the Gilleland Creek study area; and (3)
normative/aspirational forms of sustainable development that are feasible in the context
of greenfield development, such as compact housing alternatives and main street mixed
use projects. Carefully calibrating these building prototypes was essential for laying the
groundwork for a reliable analysis.
Onion Creek Study Area Calibration
For the Onion Creek study area land use, appraisal, and census data were
examined to define allocation targets and assumptions for modeling existing development
within ET, to ensure that the necessary simplified and abstracted interpretation of the
built environment for modeling purposes closely resembled the relatively ‘messy’ and
complex nature of existing development in the Onion Creek study area. (Much like how
theory is useful generally, where complex processes and outcomes are better understood
through abstraction and simplification). Data used for calibrating existing conditions is
listed in Table 11.
Table 11: Data Sources for Calibrating Existing Conditions in Onion Creek
Data Layer
2010 Land Use

Data Type
Shapefile

2013 Appraisal Data

Shapefile

2010 Census Blocks with SF1 Demographic
Data
2010 Longitudinal Employment Household
Dynamics (LEHD) points
2013 ACS 5-year estimates B25024

Shapefile

Data Source
City of Austin
Travis County Appraisal
District
Capital Area Council of
Governments

Shapefile

Census On The Map

Table

American Fact Finder
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Attributes
Parcel size, detailed land use
Land value, improvement value,
year built
Population, Housing Units
Total Employment, Employment
by Industry
Units in Structure

Table 12: Onion Creek 2010 Land Use Characteristics
Land Use 2010
Single Family, detached and attached (100)
Mobile Homes (113)
Duplexes (150)
Large lot SF (160)
Three/Fourplex (210)
Apartment/Condo, 5+ units (220)
Commercial (300)
Office (400)
Manufacturing (510)
Warehousing (520)
Misc. Industrial (530)
Resource Extraction (560)
Landfills (570)
Gov't Services (630)
Educational (640)
Meeting and Assembly (650)
Cemetery (670)
Parks & Open Space (710)
Golf Courses (720)
Common Areas (740)
Parking (850)
Streets & Roads (860)
Utilities (870)
Undeveloped (900)
Agricultural (910)
Total
General Single Family (100)
Multifamily (200)
Commercial (300)
Office (400)
General Industrial Use (500)
General Public (600)
General Open Space (700)
General Transportation (800)
General Undeveloped (900)

Parcels
9,833
353
722
36
39
333
87
14
36
69
18
8
10
11
13
13
3
345
5
94
7
1
8
589
424
13,072
10,555
372
87
14
133
40
444
7
1,013

Parcel Area (Acres)
2,375
686
157
775
10
392
277
67
214
430
107
340
1,327
49
196
66
3
2,149
313
473
17
2
27
1,840
6,046
18,347
2,532
402
277
67
2,077
314
2,935
17
7,886

Avg. Parcel Size (SqFt)
10,521
84,657
9,479
937,153
11,429
51,268
138,886
208,773
258,624
271,504
258,075
1,851,309
5,778,779
194,932
658,201
221,286
37,795
271,291
2,725,965
219,187
105,152
68,388
144,517
136,091
621,098
61,138
10,449
47,092
138,886
208,773
680,281
342,274
287,903
105,152
339,095

Variables used to calibrate existing conditions are described in Tables 12-14.
Land use data was used to calibrate average parcel sizes for each use category. Detailed
land use categories such as duplex, three/fourplex, and apartment/condo were useful for
distinguishing between these housing types and understanding their relative occurrence
and distribution in the study area. A limitation of the land use data is that it is solely
parcel-based, and thus does not contain housing units or employment information. It also
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does not distinguish between some types of housing, such as detached and attached single
family (i.e., townhomes or rowhouses).
Appraisal data from 2013 was used to supplement the land use data in order to
understand land values, improvement values, market values, age of structures, and the
size of buildings for each type of use in the study area at the time of the Halloween flood.
This information was important for calibrating the financial assumptions such as the cost
and size of housing units.
Table 13: Onion Creek 2013 Appraisal Characteristics

Single Family, detached
and attached (100)
Mobile Homes (113)
Duplexes (150)
Large lot SF (160)
Three/Fourplex (210)
Apartment/Condo (220)
Commercial (300)
Office (400)
Industrial (500)
Public (600)

Avg. Land
Value per
SqFt

Total
Improvement
Value

Avg. Imp.
Value per
SqFt

Total Market
Value

Avg.
Market
Value

Avg.
Year
Built

Avg.
Imp.
Size

$2.67

$944,798,682

$57

$1,232,319,957

$120,969

1990

1,618

$0.50
$2.42
$0.21
$1.87
$2.75
$5.03
$2.49
$1.56
$0.98

$10,114,034
$59,788,346
$2,480,401
$4,678,675
$349,101,370
$161,207,007
$91,308,859
$278,340,315
$10,762,045

$27
$44
$49
$36
$65
$72
$94
$40
$28

$23,378,996
$76,449,460
$7,198,096
$5,489,675
$404,739,129
$228,605,432
$102,260,376
$344,415,628
$24,046,585

$75,905
$105,302
$312,960
$144,465
$1,230,210
$2,431,972
$6,391,273
$2,846,410
$437,210

1982
1981
1971
1983
1979
1990
1987
1987
2005

1,236
1,890
2,215
3,383
16,389
23,918
60,751
57768
7110

Table 14: Onion Creek ‘Development Types’
Onion Creek Existing
Single Family, detached and attached (100)
Mobile Homes (113)
Duplexes (150)
Large Lot Single Family (160)
Three/Fourplex (210)
Apartment/Condo (220)
Commercial (300)
Office (400)
General Industrial Use (500)
General Public (600)

Avg. Building Size

Avg. Parcel Size

1,618
1,236
1,890
2,215
3,383
16,389
23,918
60,751
57,768
95,000

10,556
3,600
9,467
957,661
11,429
61,575
142,681
274,746
680,281
350,308

Net buildable
acre (out of 1)
0.81
0.82
0.81
0.98
0.77
0.75
0.70
0.70
0.80
0.60

Multiplier

Grid Size

1.23
1.25
1.23
1.02
1.30
1.33
1.43
1.43
1.25
1.67

114
136
108
989
122
287
451
626
922
764

Census data from 2010 and 2013 were utilized to estimate the number of residents
and housing units in the study area, and American Community Survey housing data was
used to calibrate the distribution of housing by the number of units within individual
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structures, distinguishing between detached and attached single family, duplexes,
multiplexes, and multifamily apartments and condos of various size classes. 2010 LEHD
data was used to allocate different types of employment within the study area. Allocation
targets for the Onion Creek study area are shown in Table 15. These were the ‘controls’
used for the scenario modeling, to ensure that the development alternatives were
consistent in terms of residents, housing units, and employment.
Table 15: Onion Creek Allocation Targets
Census
2010
Total Population
Single Family Detached
Single Family Attached
Duplex
3-4plex
5-9 units in structure
10-19 units in structure
20-49 units in structure
50+ units in structure
MultiFamily
Mobile Homes
Total Housing Units
Agriculture
Education
Office
Retail
Industrial
Public
Total Employment

54,203
10,327
1,375

4,624
1,704
18,032

ACS
2013

LEHD 2010

10,712
706
883
692
673
1,927
1,067
487
1,778
18,925
7
284
3,544
1,661
3,085
1,240
11,403

Allocation
Targets
54,200
10,400
1,375
875
700
675
1,900
1,000
500
4,625
1,700
18,000
285
3,545
1,660
3,085
1,240
11,400

Share

58%
8%
5%
4%
4%
11%
6%
3%
26%
9%

Net Density
(per acre)

Gross
Density
(per acre)
2.7

4.1
5.5

11.5
2.3
0.92

3%
31%
15%
27%
11%

1.4
52.8
5.9
1.4
25.1
0.58

Gilleland Creek Study Area Calibration
Planned development in the Gilleland Creek study area was calibrated by
examining the master planning documents, council presentations and website information
for the Whisper Valley and Wildhorse Ranch PUDs, both located on the creek
(Development Planning Financing Group, n.d.; “Wildhorse - Austin, Texas” 2017;
Taurus Investment Holdings, LLC 2017). Neither developer responded to requests for
additional information through their website contact pages. However, the Whisper Valley
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PUD master plan contained relatively thorough information on the characteristics of
development types that will eventually be built. For the purposes of this study, building
typologies specifically described by the Whisper Valley planning documents were
determined to be similar enough to those planned for Wildhorse Ranch to be
representative of planned development throughout the watershed.
As previously noted, the housing, retail, and office buildings planned for Whisper
Valley are aspirational or normative forms of sustainable development, similar to the
compact housing models furthered by the Smart Growth and New Urbanist approaches,
and similar to the housing and place types found in the current Mueller redevelopment in
Central-East Austin. Table 16 describes the types of development indicated by the
Whisper Valley Master Plan. This information served as a guide for developing building
prototypes to use for modeling the Gilleland PUDs.3 Table 17 is a translation of this
information into adjusted values to model appropriate gross densities in ET, which
includes additional area for streets, sidewalks and other components of the public realm.
Table 16: Whisper Valley Planned Development Attributes
Whisper Valley Planned Development
Single Family Dwelling (SFD)-Low Density
SFD-Med
SFD-High
Single Family Attached (Townhomes) (SFA) (TH)
Multifamily (Stacked Apts & Condos) (MF)
Retail
Office

Lot dimensions
70(+)’ x 110’ lots
50-60’ x 100’ minimum
40’ x 90’ minimum
20-24’ x 75-95’

3

Density

10-12 DU/acre
18-22 DU/acre
2:1 FAR
3:1 FAR

It should be noted that PUD master plans are not mandated development plans, and oftentimes platting is
adjusted to best suit the market (Stakeholder Interviews).
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Table 17: Whisper Valley ‘Development Types’

Whisper Valley Dev Types
SFD-Low
SFD-Med
SFD-High
SFA (THs)
MF (Stacked Apts & Condos)
Retail: 2:1 FAR
Office: 3:1 FAR
Civic/Community

Avg Lot
Size
(SqFt)
9200
6000
4000
2280
36000

Avg
FAR

Net buildable
acre (out of 1)

Buildable area
(SqFt)

Multiplie
r

Adjusted Avg. lot
size

Grid cell
size

0.81
0.81
0.87
0.87
0.75

7,452
4,860
3,480
1,984
27,000

1.23
1.23
1.15
1.15
1.33

11,358
7,407
4,598
2,621
48,000

107
86
68
51
219

2.00
3.00

Defining the Development and Building Prototype Library for Analysis
The Need for Building-Specific Development Types
In most applications of ET, development types consist of building prototype
mixtures. For example, a single family subdivision might consist of 60% single family
detached units on conventional size lots, 20% single family detached units on larger lots,
and 20% townhome units. Mixtures of building types generally create a much more
nuanced model of land use impacts.
Some applications of ET have taken an alternative approach, in which
development types consist of a single building type, and land use design is done on a
parcel-by-parcel basis. This is a common approach for redevelopment and small-scale
master planning applications. Oftentimes, the street network is already determined, or
designed in detail, so no area is allocated to streets or other right-of-way elements.
The approach used in this dissertation is a hybrid of these two techniques. While
there are advantages to using building mixtures – including that they are more
representative of real-world, non-homogenous development – it was determined that
modeling individual building types would be more suitable due to the import method
required for integration with the Hazus flood model. However, the building-specific
development types would still contain assumptions and allocate space for streets,
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sidewalks and other public space elements, coded into the development type assumptions
in the ‘Dev Type Streets’ worksheet of the Scenario Builder.
The rationale for this approach arises from the need for building-specific input
data for the Hazus flood model. This limits a mix of buildings being used as development
types, since each input feature must be a specific individual building type. Because
polygrids were to be used as the geographic basis for scenario modelling, and the
‘fishnet’ grid cells are uniform in size, it was necessary to use a single building type to
ensure uniform lot sizes and the appropriate location and density of buildings.
At the same time, the approach is not necessarily ‘painting by parcel.’ The coding
of streets and public space assumptions in the Scenario Builder allows users to quickly
sketch land use configurations – and test green infrastructure scenarios – without having
to additionally consider the street network. Rather, the tool allows users to make
important considerations about the public realm, and these attributes are integrated into
the model. At the scale of the study areas examined by this analysis, the use of the
relatively fine-grained polygrid geography enabled neighborhood-scale urban design to
occur, with each building prototype able to be applied as individual buildings or in a
more aggregate fashion.
Calculating Adjusted Lot Sizes for Polygrid Geography
Many of the tables in this section contain columns that were used to adjust the
average lot sizes of each development type based on the proportion of land area that is
indeed ‘buildable’. This adjusts for the space required for streets, sidewalks, bike lanes,
on-street parking, landscaping, and other public space. This is essentially an adjustment
from net to gross density. Thus, in terms of the average space consumed per building
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(and the corresponding fishnet grid size for scenario modeling), the area is in reality
larger than the building’s parcel size.
To apply the appropriate density of buildings in Hazus, grid cell sizes needed to
be adjusted to account for the amount of non-buildable area per building, as they are
defined in the ET Scenario Builder Development Type Attributes worksheet (see
Appendix B). Adjusted lot sizes were calculated by applying values in the ‘Net buildable
acre’ column of the worksheet to the average parcel size of each development type,
which produces the amount of buildable area as it pertains to that specific parcel size.
These values were used to produce multipliers for calculating the Adjusted Avg. Lot Size
of each development type, which is equal to the actual area needed to accommodate a full
building if you include space for streets and other public realm elements. These values
were then converted to the size of an equivalent polygrid cell (i.e., a value of 100
indicates a 100’x100’ grid cell).
Consideration of polygrid sizes was important to consider at this stage, since each
building prototype calls for a different size polygrid. Thus, a scenario utilizing 12
development types would necessarily require geoprocessing of 12 separate polygrids. For
this reason, it was determined that scenarios should seek to utilize only the building types
needed to create an accurate representation of real-life development, and portray
variability in the built environment at the detail of a development master plan.
Customizing a Representative Building Prototype Library
Once they had been carefully compared in terms of their physical and financial
attributes, the Central Texas building library was narrowed down to the individual
buildings that were the most representative of past and future development in the study
areas, for use in this analysis. In this way, ‘development types’ as they are defined in this
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analysis are a combination of a specific building prototype combined with public realm
assumptions from the broader development type.
CodeNext updated zoning categories were selected as the basis for the
development type assumptions used in this study for four primary reasons. First, due to
the emphasis on physical features as a form-based code, the CodeNext library of
development types is the most comprehensive and detailed of any prior models in this
regard. Second, since it is a recently developed dataset as part of an ongoing project, the
assumptions used in the models are the most up-to-date, which is important when
considering land and housing costs. Third, the CodeNext library has already undergone
high levels of public input and review. Fourth, the typologies reflect the categories,
definitions, and rules that will govern future construction and development in Austin;
thus it makes sense to build off of these classifications for this study.
The full list of calibrated Central Texas development types and their underlying
building prototype composition can be found in Appendix C. Notable is that some
development type building mixes are highly variable in lot size and building density,
supporting this study’s approach of utilizing only one specific building prototype per
development type. In cases where development types contain highly variable building
mixes, calculating an average parcel size for that development type would not produce an
accurate spatial layout of the buildings. In the case of this analysis, the average parcel
size of each development type is equal to the parcel size of its specific building prototype,
creating a more accurate spatial arrangement of buildings for analysis in the Hazus Flood
model.
The building prototypes used for this analysis were customized to be highly
calibrated with the existing development in Onion Creek and the planned development in
Gilleland Creek. After using existing Central Texas prototypes to select and roughly
164

calibrate the appropriate models, attributes were further adjusted to create final models
for the analysis. The custom building prototypes are listed alongside the Central Texas
building library in Appendix D, which helps to contextualize the selected building
prototypes relative to other regional building models. For all scenario modeling
conducted in this study, 25 building/development types were utilized, listed in Table 19.
The listed Grid Cell Size is the squared dimension used to create custom fishnet polygrid
geographies in ArcMap. Appendix E contains the comprehensive library of building
prototype models used in the analysis, including all of the specific physical and financial
assumptions for each building.
Creating Elevated Building Prototypes
Four ‘elevated’ housing types were developed to enable the testing of structural
flood mitigation approaches in certain scenarios. Used as a proxy for a more nuanced
structural mitigation model, the internal, i.e. ‘tuck-under’, parking variable was set to 1.0
in these building prototype models, which means the entire ground level of the building is
open and dedicated for parking, with the living space elevated on piles or piers. This is a
‘quick and dirty’ approach, but these rough estimates can serve as a proxy for more
sophisticated construction cost estimates for the purposes of this study, which simply
seeks to include the assessment of structural mitigation opportunities alongside or in lieu
of GI land use mitigation.
Table 18 lists the financial impacts of elevating the residential structures. They
impact ‘parking construction’ in the Development Costs tab of the Building Prototype
model, which roughly accounts for the structural requirements of raising the building. For
the purposes of this project, the important concept is that there is a trade-off between a
more resilient structure and the cost of housing. Generic values of $3,000/space were
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used for surface parking costs, versus $20,000 per space for internal parking costs. Goal
seek functionality was used to calculate the necessary increase in housing costs to cover
the cost of mitigation and deliver the same rate of return to the developer.
Table 18: Financial impacts of elevating building prototypes
Elevated SFD Med Density
Before Mitigation
After Mitigation
Elevated SFD High Density
Before mitigation
After Mitigation
Elevated Townhomes
Before mitigation
After Mitigation
Elevated Apartments
Before mitigation
After Mitigation

IRR

Parking Construction Costs

Housing cost

Housing cost / Sq Ft

14.4%
14.4%

$22,686
$135,000

$220,000
$329,000

$105
$157

10.8%
10.8%

$14,171
$72,000

$189,000
$304,000

$105
$169

13.9%
13.9%

$264,000
$456,000

$180,000
$232,457

$150
$194

12.1%
12.1%

$51,957
$810,000

$1.25 (rent/month)
$1.90 (rent/month)

Table 19: Final Building/Development Type Library
Dev
Type
1
2
3
4
5
6
7
8
9

RR
LDR
LDR
MDR
MHP
MDR
MDR
MHDR
MHDR

10

HDR

11
12
13
14
15
16
17
18
19

HDR
T4MS
HC
NC
T4MS
GC
HC
T4MS
GI

20

P

21
22
23
24
25

MDR
MDR
MHDR
HDR
P

Land
use
catego
ry

SF

Compa
ct SF

MF
MS
Retail

Office
Ind
Civic
Elevat
ed

Building Type
Onion Creek Large Lot SF
Onion Creek Single Family
Whisper Valley SFD-Low
Whisper Valley SFD-Med
Onion Creek Mobile Home
Onion Creek Duplex
Whisper Valley SFD-High
Whisper Valley Townhomes
Onion Creek Quadplex
Whisper Valley MF
Apartment
Onion Creek Apartment
T4MS Main Street
Onion Creek Retail
Lifestyle Retail
Retail 2:1 FAR
Low Rise Office
Onion Creek Low Rise Office
Office 3:1 FAR
Onion Creek Industrial
Onion Creek Civic &
Education
Elevated SFD-Med
Elevated SFD-High
Elevated Townhomes
Elevated Apartments
Open Space

957,660
10,565
9,200
6,000
6,725
9,465
4,000
22,800
11,430

Net
Builda
ble
Acre
0.98
0.81
0.81
0.81
0.42
0.81
0.81
0.87
0.87

36,000

0.85

30,600

1.18

42,353

206

2

0.68

24,451

61575
10,000
142,680
55,035
20,000
80,000
275,000
40,000
680,280

0.85
0.69
0.69
0.83
0.69
0.69
0.81
0.69
0.97

52,338
6,900
98,449
45,678
13,800
55,200
222,750
27,600
659,872

1.18
1.45
1.45
1.20
1.45
1.45
1.23
1.45
1.03

72,441
14,493
206,784
66,307
28,986
115,942
339,506
57,971
701,321

269
120
455
258
170
341
583
241
837

3
3
1
1
3
1
1
5
1

0.31
1.86
0.21
0.32
1.96
0.40
0.26
2.77
0.09

19,029
18,567
29,376
17,809
39,146
31,683
70,792
110,618
60,179

350,300

1.00

350,300

1.00

350,300

592

1

0.25

87,716

6,000
4,000
22,800
36,000

0.45
0.40
0.67
0.85

2,725
1,600
15,345
30,489

2.20
2.50
1.49
1.18

13,206
10,000
33,876
42,506

115
100
184
206

2
2
2
2

0.90
0.72
0.80
0.90

5,400
2,880
18,240
32,400

Lot Size
(sf)
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Buildable
area

Multi
plier

Adjuste
d lot size
(SqFt)

Grid
Cell
Size

Height
(stories)

FAR

Building
Sq Ft

938,506
8,558
7,491
4,860
2,824
7,668
3,240
19,836
9,944

1.02
1.23
1.23
1.23
2.38
1.23
1.23
1.15
1.15

977,204
13,044
11,298
7,407
16,012
11,688
4,938
26,207
13,138

989
114
106
86
127
108
70
162
115

1
1
1
1
1
2
2
2
2

0.01
0.28
0.32
0.39
0.25
0.39
0.49
0.66
0.53

5,098
2,700
2,985
2,326
1,658
3,712
1,961
15,033
6,005

GIS METHODS: PREPARING CUSTOM POLYGRIDS FOR SCENARIO MODELING
Using the ArcMap Fishnet Tool
While there are other options for creating georeferenced polygrid features in
ArcMap, the most sophisticated method is the Fishnet tool. The tool creates a grid with
cells of any rectangular dimension, based on an origin point at a given set of coordinates
(see Figure 38). The tool is unique in that it allows the user to rotate the grid, based on a
second coordinate point. This point can be calculated based on the desired clockwise
angle of rotation and an x value of 10, using the formula: tan(60)*10 (for a 60 degree
angle, see Figure 39). The best angle for the Onion Creek Study Area – based on the best
match for the orientation of major roads in that area – was determined to be 27 degrees
clockwise. Since tan(27)*10 = 5.0952, the rotation coordinate was calculated to be
(5.095, 10) relative to the origin.
Figure 38: Fishnet Placement at Origin and Rotation Angle
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Figure 39: Calculating Y-Axis Coordinate Point

The inputs used for calibrating the Fishnet tool to both study areas are listed in
Table 20. Coordinates are based on the Data Frame’s projected coordinate system, NAD
1983 State Plane Texas Central. 100’x100’ grid cells, as indicated in the table, were used
for all scenario modeling in Envision Tomorrow. The size was optimal since it was
relatively small – approximately the size of a standard single family parcel – and small
enough to model green infrastructure features and urbanization at the neighborhood scale.
Figure 40 shows the 100’ polygrid used for scenario modelling in Onion Creek.
Table 20: Fishnet Tool Inputs
Fishnet Inputs
Fishnet origin coordinate
Y-axis rotation coordinate
Opposite corner of fishnet
Height of row
Width of column
Geometry Type

Onion Creek Study Area
(3084280, 10010850)
(3084285.095, 10010860)
(3148000, 10084000)
100
100
Polygon
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Gilleland Creek Study Area
(3145000, 10076000)
(3145005.095, 10076010)
(3190000, 10113000)
100
100
Polygon

Figure 40: Onion Creek 100’x100’ Fishnet Polygrid

Automating Fishnet Creation with ArcMap ModelBuilder
In addition to the 100’ fishnet used for modeling scenarios, a unique fishnet was
created for each individual development type, based on the grid cell sizes listed in Table
19. These fishnets were used for geoprocessing in order to create individual building
point features of the appropriate scale for import into Hazus.
Since the process of creating each fishnet for Onion Creek would involve the
same set of inputs with the exception of the cell size, it was determined that creating a
model in ArcMap ModelBuilder might help streamline the process, as well as offer a
‘roadmap’ for future Python programming of a more formalized planning product. Figure
41 shows the model that was developed for these purposes. Fishnet inputs including
origin and rotation coordinates, and opposite corner coordinates, were consistent across
all the Onion Creek polygrids, and were thus coded into the ‘Create Fishnet’ tool in the
model as constant variables. Cell Size Height and Cell Size Width were identified as
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model parameters, since they would need to be adjusted for each individual polygrid
feature. The model allows quick use of the Fishnet tool while only requiring the
adjustment of parameters unique to each feature.
Figure 41: ModelBuilder used to create fishnet polygrid features

ET SCENARIO BUILDER AND GEODATABASE PREPARATION
The 100’ polygrid shapefile, oriented and clipped to the study area boundaries,
was now ready for use with Envision Tomorrow in ArcMap. At this point, a Scenario
Builder model was created for the study area and populated with the building-level inputs
from the 25 custom individual building prototype models, as well as development type
Street Characteristics from the corresponding CodeNext zoning code category (See
Appendices for all of the models and assumptions that feed into the Scenario Builder
models for both Study Areas). Development types are named after their individual
building prototype, each of which was set to 100% in the Building Mix worksheet of the
Scenario Builder, since each Development Type used in this analysis consists of a
specific building prototype.
Once the Scenario Builder was populated with building and public realm
assumptions, the Scenario Geodatabase could be created and linked in ArcMap. Using
ArcCatalog, a new File Geodatabase was created to contain alternative scenario layers,
each a ‘Feature Class’ based on the 100’ clipped polygrid shapefile imported into the
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geodatabase. Once the Scenario Geodatabase contains at least one feature class, the
Envision Tomorrow ArcMap toolbar (See Figure 42) was used to load the appropriate
scenario geodatabase. The first time any scenario geodatabase is loaded using the ET
Toolbar, the plug-in automatically populates the feature class with ET attribute fields,
including ‘VAC_ACRE’ (the vacant area within each feature) and ‘DEV_TYPE’ (the
development type applied to that feature).
There are other fields such as ‘DEVD_ACRE’ (the developed area within each
feature), ‘CONSTRAINED_ACRE’ (the constrained area within each feature, regulatory
or otherwise), and the ‘EX_’ fields (attributes related to existing conditions such as land
use, population, housing units, employment by industry sector), however these fields are
not applicable for the approach used in this analysis. This is because in both the Onion
Creek and Gilleland Creek study areas, development scenarios were occurring in the
context of greenfield, vacant land on the outskirts of town. This was the case in the
baseline year of 1960 in the Onion Creek study area, as well as currently in the Gilleland
Creek study area. Thus, none of the development will occur as redevelopment,
eliminating the need for the ‘DEVD_ACRE’ field. Similarly, the ‘EX_’ fields – used for
calculating the impacts of redevelopment – were not necessary to calibrate for this study.
The role of the ‘CONSTRAINED_ACRE’ field is typically to identify hazards or
other constraints to development such as steep slopes and floodplain areas, and prevent
development types from being applied to those areas. Because this analysis is focused on
the outcomes of various floodplain management approaches, it was determined that
constrained areas should not be coded into the scenario geodatabase, to allow for the
testing of various vulnerability relationships.
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METHODS FOR SCENARIO PAINTING
While the scenario planning frameworks will be discussed in more detail in
Chapter 6, the technical methods used to paint scenarios in ArcMap using the ET Toolbar
(shown in Figure 42) are described here.
Modeling existing development in Onion Creek
To model conditions as they existed at the time of the 2013 Halloween flood,
polygrid cells were selected and applied with Onion Creek development types based on
their location in relation to 2013 parcel data. 2010 land use classifications were first
selected using Select by Attributes and querying by land use code. Then, for each land
use classification, Select by Location was used to select all poly grid cells whose
centroids (i.e. geographic centers) intersected the selected land use parcels. Once the
polygrid cells were selected, the corresponding development types could be applied to
these cells quickly using the ET Paint Toolbar. This process was iterated for all Onion
Creek development types. Open space was applied based on the location of parks and
protected open spaces. Parkland includes both city and state parks, and protected open
spaces include areas regulated by easements or other conservation measures.
Undeveloped land was simply left unpainted in the model.
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Figure 42: Envision Tomorrow (ET) ArcMap Toolbar

Testing Floodplain Regulatory Approaches in Onion Creek
Building off of the baseline 1960-2013 development (Scenario 1), alternative
floodplain management scenarios were modeled. The 100-year flood zone, 500-year
flood zone, and water quality creek buffers were the regulatory features that were
targeted when modeling alternative floodplain management approaches in the Onion
Creek study area. ‘Select by Location’ was used to select polygrid features whose
centroids intersected the various regulatory features (shown in Figure 43). Selected cells
were then converted to open space conservation.
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Figure 43: Painting GI polygrid cells based on centroid intersect with flood zone

GI scenario painting was conducted using an iterative approach. Once the baseline
Scenario 1 had been painted, a duplicate was created to serve as the basis for Scenario 2,
where polygrid cells within the 100 year floodplain were selected and converted to public
open space. Polygrid features intersecting with the 100 year floodplain are shown in
Figure 44, and developed areas converted to green space is shown in Figure 45. Next, a
duplicate of Scenario 2 served as the basis for Scenario 3, which took a heightened GI
approach of converting polygrid areas in the 500 year flood zone to additional open
space. The workflow proceeded in this manner using the ET paint toolbar, through a
‘select and apply’ approach to painting. In all, 5 scenarios (1 baseline, 4 alternative GI
scenarios) were created in the ‘OnionCreek_ET_Scenarios_GI’ geodatabase.
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Figure 44: Selected Polygrid Features Intersecting the 100-year Flood Zone
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Figure 45: Onion Creek Development in the 100-year flood zone (highlighted)

Painting Alternative Urban Development
Heighted GI floodplain management approaches consequently consumed a
significant amount of development in the Onion Creek Study area, resulting in losses of
housing units, jobs, and economic development. Using ET, development alternatives
were modeled to offset these losses through the use of more compact and connected
development

types.

This

was

done

by

creating

a

new

geodatabase

‘OnionCreek_ET_Scenarios_GI_DEV’ with duplicate GI scenarios (Scenarios 1a – 5a).
Each of these scenarios were then modified with smart growth development types until
baseline allocation targets for housing, population, and jobs were once again met.
Scenario 1a does not include any retreat from the floodplain; rather, elevated building
prototypes were used within the 100 year floodplain. Scenarios 2a – 5a duplicate the GI
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approaches of Scenarios 2 – 5, paired with alternative development scenarios. Figure 46
shows development being altered alongside 500-year floodplain conservation.
Figure 46: Painting alternative development types alongside GI

Creating a Green Infrastructure Network Plan for Onion Creek
A third geodatabase, ‘OnionCreek_ET_Scenarios_GI_MAX,’ was created for the
purposes of developing a GI plan that exemplifies the network-based and spatial
ecological approaches furthered by McHarg and Benedict & McMahon. Scenario 1b is a
duplicate of Scenario 1, the baseline 2013 conditions, for the purposes of comparison.
Scenario 2b is a duplicate of Scenario 5a (all floodplain regulatory measures in place), in
order to compare a regulatory-driven design versus a holistic GI approach. Scenario 3b
adds Travis County Greenprint Priority Conservation Areas to the open space network.
Finally, Scenarios 4b and 5b were modelled prioritizing GI network design concepts, in
order to maximize ecological health. In Scenario 5b, alternative development is paired
with the maximized GI scenario as a resilient and sustainable vision of Onion Creek.
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Modeling planned development in Gilleland Creek PUDs
Master plans for both Whisper Valley and Wildhorse Ranch, the two major PUDs
in the study area, were obtained from internet sources (Development Planning Financing
Group, n.d.; “Wildhorse - Austin, Texas” 2017; Taurus Investment Holdings, LLC 2017).
The Whisper Valley master plan is shown in Figure 21, and Wildhorse Ranch is pictured
in Figure 22. Both plans are detailed to the parcel level and contain the necessary
information to model development and GI at the watershed scale.
The master plans were georeferenced to provide a basemap reference for
modeling the planned development in the Gilleland Creek watershed. Just like the Onion
Creek watershed, a 100’ polygrid was utilized as the geographic unit of analysis for
scenario modeling. Interestingly, an angle of 27 degrees clockwise was also appropriate
to align with the existing major road network in this study area (as it was in the Onion
Creek study area). Figure 47 shows the georeferenced master plans with the
corresponding development scenario applied to the polygrid.
Regulatory GI scenarios, development alternatives, and a maximum GI scenario
were modeled and tested in the same manner as in the Onion Creek Study area.
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Figure 47: Gilleland Creek Study Area with Georeferenced PUD Basemaps

POST-PROCESSING ET SCENARIOS FOR HAZUS INPUT
Once the development and GI scenarios were modeled in ET, significant postprocessing efforts were required to prepare the scenarios for successful import into
Hazus. They are described in this section, and transform polygrid outputs from ET to
point-location Hazus inputs.
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Geoprocessing methods to create building-specific point features
The process for creating building-specific point features is centered on the
geographic intersection of development type areas with the appropriately sized polygrid,
to calibrate the subdivision of each development type to achieve a representative gross
density of buildings. While the process is currently time intensive, there are opportunities
for automating the process using ModelBuilder and Python programming.
Dissolving and Exporting Aggregate Development Type Areas
Starting with an output scenario feature class composed of 100’ polygrid cells, the
first step of preparing for Hazus input was to dissolve the scenario, based on development
types, creating a new layer where development types are aggregated polygons rather than
separate polygrid features. Figure 48 shows the ArcMap Dissolve dialog box with the
DEV_TYPE field selected as the dissolve field, and Figure 49 shows the output of Onion
Creek Green Infrastructure Network Scenario after completing the dissolve.
After dissolving a development scenario, Select by Attribute was used to select all
features of a given development type from that scenario. These features were then
exported to a new layer. This process was repeated for each development type, resulting
in a new shapefile for each development type. Figure 50 shows the SFD-High
Development Type areas modeled for Scenario 5B as an example.

180

Figure 48: Dissolve Tool Window, DEV_TYPE Dissolve Field Selected

Intersecting Development Types with Custom Fishnet Polygrids
Using the method described earlier, the Fishnet tool was used to create a specific
sized polygrid calibrated to the adjusted parcel size of each development type. This
process was aided by the ArcMap ModelBuilder, which allowed grid dimensions to be
adjusted as parameters while holding rotation angle and origin and extent coordinates
constant.
The Intersect geoprocessing tool was then used to create a geographic intersection
between each individual development type layer and its corresponding fishnet polygrid
layer, whose grid cell size is indicated by Table 19. In the case of the SFD-High
development type, the aggregate areas were intersected with a 70’ polygrid, creating a
more refined geographic unit of analysis equivalent to the adjusted parcel size of
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individual buildings. In other words, now each grid cell feature represents an individual
building for input into Hazus. Figure 51 shows the SFD-High Development type after
intersection with the 70’ polygrid.
Figure 49: Onion Creek Scenario 5B after dissolving by Development Type
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Figure 50: Dissolved SFD-High Development Areas from Scenario 5B

Cleaning Development Type Polygrid Layers
A limitation of the polygrid-intersect method is that the user has no control over
how the polygrid aligns with the development type zones. Meaning, in many cases, very
small polygrid features are created at the edges of features, where grid cells are only
partially intersected but nonetheless represent an individual building feature of equal
weight to a full polygrid cell. This creates a problem with overstating the number of
buildings in each development type zone, since these grid cells contain a much smaller
area than the calibrated grid cell size. Figure 52 provides an illustration of this problem.
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Figure 51: SFD-High Development Type, intersected with 70’ polygrid

The ‘edge’ problem was mitigated effectively by assigning a threshold for the
minimum size of grid cells for them to be considered buildings. In most development
types, setting the threshold at half a full grid cell, omitting any smaller grid cells,
effectively controlled for this problem. In a few larger-scale development types, such as
large format retail and civic uses, the threshold needed to be lowered to .4 or .3 because
the occurrence of larger-scale buildings was being understated at a .5 threshold.
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Figure 52: The Edge Grid Cell Problem
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Figure 53: Omitted Edge Cells: Onion Creek Scenario 5B SFD-High

To clean up small edge grid cells, a Select by Attribute was queried for each
development type, selecting all the grid cells that were at least half the size of a full grid
cell. The selected cells were then exported to a new, cleaned up layer, omitting the
smaller cells. Figure 53 shows an example of edge cells omitted through the clean-up
process.
Once the clean-up process was completed for each development type, the Merge
geoprocessing tool was used to combine all the separate development type datasets into a
new scenario shapefile, in which each development type is intersected by its own custom
polygrid. The Hazus-ready Scenario 5B is shown in Figure 54.
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Figure 54: Cleaned Building-Specific Polygrids: Onion Creek Scenario 5B

Automating Geoprocessing with ArcMap ModelBuilder
Because they needed to be repeated for each development type in each scenario,
some of the processes described in this study were somewhat involved and time
intensive. However, the process was automated to a certain degree by using ArcMap’s
ModelBuilder capabilities. Figure 55 shows the model that was created to automate the
process of selecting and exporting each development type, creating a custom fishnet
polygrid for that layer, and intersecting these layers.
The steps taken for cleaning up the shapefiles could likely also be incorporated
into the geoprocessing model in the future, although the SQL command for doing this is
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more advanced, requiring each layer to be queried based on grid cells over a given
relative size. Done manually, the command was straightforward: “POLY_AREA” > (.5 *
7396), where 7396 is the size of a full grid cell. To create a similar command for iterative
purposes, the model builder query would be similar to the following: SELECT * FROM
Scenario1_OC_MF_269

WHERE

"POLY_AREA"

>

0.5

*

(SELECT

MAX("POLY_AREA") FROM Scenario1_OC_MF_269). Assuming that this last cleanup step can be coded into ModelBuilder eventually, the potential exists to automate the
entire sequence of geoprocessing steps to prepare scenario datasets for import into Hazus.
Figure 55: Model used to automate the fishnet-intersect process

Creating Point Building Features for Hazus Import
To further prepare them for import into Hazus as user-supplied facilities, scenario
shapefiles were converted to points using the ‘Feature to Point’ ArcMap tool. The point
features were created at the geographic center of each polygrid cell. Shown in Figure 56,
each point represents an individual building in that specific location for the purposes of
Hazus Flood model analysis.
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Figure 56: Scenario 5B Building-Specific Point Features

Before importing into Hazus, the point feature shapefile needed to be projected to
the NAD 1983 geographic coordinate system, as this is the coordinate system used within
the data frames in Hazus. Once this was completed, latitude and longitude fields were
created and calculated using the ‘Calculate Geography’ function of the attribute table.
These coordinate fields are used by Hazus to specifically map the location of each
individual building for analysis in the flood model.
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Figure 57: Calculating Latitude and Longitude for Hazus import

IMPORTING USER-SUPPLIED DEVELOPMENT SCENARIOS INTO HAZUS FOR FLOOD LOSS
ESTIMATION
Assigning Hazus Field Inputs
The previous section outlined the steps for creating a geographic crosswalk
between aggregate ET scenario outputs and individual building points required to import
user-supplied facilities into the Hazus Flood model. Building off the spatial information
produced, this section explains the steps required to assemble the tabular dataset for
import into Hazus.
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Table 21: Input Fields for Hazus User-Defined Facilities
Field
Data Type
Comments
Occupancy*
Text (5)
33 classifications
BldgType**
Text (15)
5 classifications for flood
BldgValue**
Double
Replacement cost, in thousands
ContentValue***
Double
In thousands
Area**
Integer
Sq. Ft. in thousands
YearBuilt***
Integer
DesignLevel used as proxy
NumStories*
Integer
DesignLevel**
Text (1)
Depends on Year Built; 3 classes
Latitude*
Number, Double (11, 6)
Longitude*
Number, Double (11, 6)
FoundationType*
Text (1)
7 classes
FirstFloorHt*
Number, Double
defaults based on Foundation Type, if unknown
*Required minimum inputs for flood analysis
**Additional Hazus inputs generated from ET output
*** Not generated by ET, not necessary for Hazus input

Once the individual building point features for a given scenario were produced,
projected, and assigned decimal degree coordinate points, the attribute table for each
scenario was exported as a dBASE table for further development in Microsoft Excel.
Exported out of GIS, the points contain only geographic coordinates and the ET
Development Type. However, using the individual building prototype models, additional
information was coded into the database prior to importing into Hazus.
Table 21 lists the attribute fields used by the Hazus Flood model to define sitespecific user-supplied facilities. The rows shaded blue represent the inputs needed for a
baseline flood analysis; that is, the minimum required inputs to return reliable results
from the flood model. Because ET is an urbanization model with building-level inputs,
the information available for Hazus analysis goes beyond the minimum requirements to
include the rows shaded in orange, thus offering an improved analysis.
Table 22 displays the Hazus assumptions assigned to each development type,
based on information found in the corresponding building prototype models. Following
export of point features from GIS, the tabular data was coded in Microsoft Excel to
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assign these attributes to each individual building point in each scenario. Select attributes
are described briefly below.
Table 22: ET Development Types with Hazus Attributes

Onion Creek Single Family

RES1

NumS
tories
1

Onion Creek Mobile Home

RES2

1

7

RES3A
RES1
RES3B
RES3D
COM1
COM4
IND2
GOV1
RES1
RES1
RES1
RES3D
RES3D
COM1
COM1
COM4
COM4
COM1
RES1
RES1
RES3C
RES3D

2
1
2
3
1
1
1
1
2
1
2
2
2
1
3
1
5
3
2
2
2
2

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
1
1
1
1

Development Type

Onion Creek Duplex
Onion Creek Large Lot SF
Onion Creek Quadplex
Onion Creek Apartment/Condo
Onion Creek Large Format Retail
Onion Creek Low Rise Office
Onion Creek Industrial
Onion Creek Civic and Education
Whisper Valley SFD-Low
Whisper Valley SFD-Med
Whisper Valley SFD-High
Whisper Valley Townhomes
Whisper Valley Apartments
Lifestyle Retail
T4MS Main Street
Low Rise Office
Office 3:1 FAR
Retail 2:1 FAR
Elevated SFD-Med
Elevated SFD-High
Elevated Townhomes
Elevated Apartments

Occupancy

Foundatio
nType
7

FirstFl
oorHt

10
10
10
10

BldgType

BldgValue*

WOOD
MANUFH
OUSING
WOOD
WOOD
WOOD
WOOD
STEEL
STEEL
STEEL
MASONRY
WOOD
WOOD
WOOD
WOOD
WOOD
WOOD
WOOD
WOOD
STEEL
WOOD
WOOD
WOOD
WOOD
STEEL
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Design
Level
3

71

3

2

311
335
735
2,271
3,248
16,693
6,464
16,457
222
162
149
1,470
2,852
2,672
3,312
4,856
17,293
6,764
341
192
1,437
2,871

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

4
5
6
19
29
71
60
88
3
2
2
15
24
18
19
21
111
39
5
3
18
32
**Sq Ft
in
thousa
nds

*replaceme
nt cost in
thousands
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Area**
3

Table 23: Hazus Occupancy Classes
Label
RES1
RES2

RES3

RES4
RES5
RES6
*COM1
COM2
COM3
COM4
COM5
COM6
COM7
COM8
COM9
COM10
IND1
IND2
IND3
IND4
IND5
IND6
AGR1
REL1
GOV1
GOV2
EDU1
EDU2

Occupancy Class
Residential
Single Family Dwelling
Mobile Home
Multi-Family Dwelling
RES3A Duplex
RES3B 3-4 Units
RES3C 5-9 Units
RES3D 10-19 Units
RES3E 20-49 Units
RES3F 50+ Units
Temporary Lodging
Institutional Dormitory
Nursing Home
Commercial
Retail Trade
Wholesale Trade
Personal and Repair Services
Professional/Technical Services
Banks
Hospital
Medical Office/Clinic
Entertainment & Recreation
Theaters
Parking
Industrial
Heavy
Light
Food/Drugs/Chemicals
Metals/Minerals Processing
High Technology
Construction
Agriculture
Agriculture
Religion/Non/Profit
Church/Non-Profit
Government
General Services
Emergency Response
Education
Grade Schools
Colleges/Universities
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Example
House
Mobile Home

Apartment/Condo

Hotel/Motel
Group housing, jails

Store
Warehouse
Service Station/Shop
Offices

Restaurants/Bars
Theaters
Garages
Factory
Factory
Factory
Factory
Factory
Office

Office
Police/Fire Station/EOC

Does not include group housing

Occupancy
A building’s occupancy class refers to its use, much like a land use code. Hazus
specifies a building’s use through subcategories, listed in Table 23. The highlighted
occupancies are those that were used in this analysis. Worth noting is Hazus’s distinction
between Government and Educational uses. Because prior steps modeling development
in ET for this analysis did not differentiate between Civic and Education uses, the GOV1
occupancy was utilized for all public uses, including schools. To ensure that this would
not create significant differences in terms of the flood model, the default damage curve
assumptions for GOV1 and EDU1 occupancies in Central Texas were compared using
the Hazus inventory menu, and found to be highly similar (see Appendix F for Hazus
defaults referenced when assigning assumptions to ET building prototypes).
Foundation Type and First Floor Height
Foundation types of each building prototypes were determined through
consideration of on-site observations in the Onion Creek study area, default building type
mapping schemes in the Hazus database (see Appendix F), and information in the
building prototypes models. Foundation types used in Hazus are listed in Table 24, with
those used in modeling highlighted. Nearly all housing in the Onion Creek study area is
slab on grade construction, which is typical in this area of Austin generally. Texas
building mapping schemes used in Hazus assume that 57% of residential structures have
this foundation type, and 100% of all commercial and industrial structures. With this
information in mind, all standard building prototypes modeled in ET are assumed to have
‘slab on grade’ foundation types. For the elevated building prototypes, a pile foundation
type was assumed (as opposed to the less sturdy pier foundation).
First floor height was left unpopulated in cases of slab foundations. In these cases,
Hazus assigns a default first floor height value based on default values from the building
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inventory. For the elevated building prototypes, first floor height values of 10 were input
into Hazus to indicate an elevated structure in which the first floor is open to tuck under
parking.
Table 24: Hazus Foundation Types
Label
1
2
3
4
5
6
7

Description
Pile
Pier
Solid Wall
Basement/Yard
Crawl Space
Fill
Slab on Grade

Building Type
The Hazus Building Type field identifies the physical construction classification
of each building. For this analysis, a Building Type attribute was assigned to each
building based on its ET prototype model, on-site observation in the Onion Creek study
area, local construction practices in greenfield contexts, and the Texas building mapping
schemes included with the Hazus default database (see Appendices, Table 37). The
building type assigned to each building prototype is listed in Table 22. Generally,
residential and low rise structures were assumed to be built of wood; larger commercial
and office buildings were assumed to be steel structures; civic & education buildings
were assumed to be masonry structures. Elevated structures were assumed to be wood
construction, with the exception of the elevated apartments prototype, which is a large
enough structure to call for steel construction.
Design Level
User-supplied field inputs include the option to specify a building’s year built.
While this analysis is modeling alternative development patterns over a given time period
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(1960-2013 in the Onion Creek study area, Present-2040 in the Gilleland Creek study
area), the specific year built is not necessarily known. However, for the purposes of the
Hazus flood model, Design Level can be used as a proxy for Year Built. Nearly all
development in the Onion Creek study area being modeled in the counterfactual sense
was originally built after 1970; thus, a Design Level of 3 was assigned to all development
types for this analysis.
Table 25: Hazus Design Levels
Label
0
1
2
3

Description
Unknown
Prior – 1950
1950 – 1970
Post 1970

Number of Stories, Replacement (Building) Value, Area
These attributes were referenced from the ET building prototype models. The
number of stories and building area are direct physical inputs in the building prototype
models, and the building or project value is calculated as a function of construction costs,
land costs, and other assumptions from the building-level financial inputs. Each financial
model was calibrated based on estimates of construction and land costs in the south/east
Austin market, as well as sales and rental rates, gathered from developer interviews and
local real estate data (CoStar Group, Inc. 2017).
Importing Site-Specific Data using the Comprehensive Data Management System
(CDMS)
Building records from each development scenario were combined into a master
building database to enable batch Hazus coding of each building prototype (as opposed to
coding building prototypes from each scenario separately). In addition to the Hazus
inputs discussed in the previous section, a ‘Scenario’ field was created for each building
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to allow querying of buildings based on its scenario, important for displaying results from
the flood model, discussed below. Note that since some buildings occur in more than one
scenario, these buildings had more than one record, one for each scenario. Thus, in the
case of Onion Creek, all of the buildings from scenarios 1, 1A, 4A, and 5B – the four
scenarios selected for flood hazard modeling using Hazus – were combined into one table
and then coded with Hazus input fields.
CDMS import – in which databased are processed to match and format fields for
analysis in the Hazus Flood model – is a relatively memory-intensive process for modern
PCs. For this reason, building point data was imported one scenario at a time into the
CDMS Data Repository, and then transferred into the TX Statewide database for Hazus
analysis. In total, eight green infrastructure scenarios were chosen for analysis with the
Hazus Flood Model, so the import process was repeated eight times.
Unlike ET, Hazus does not support the development and comparison of multiple
development scenarios. However, because the development scenario of each building is
noted in the database, flood impacts to specific scenarios and building types can be
queried after performing the flood analysis on all user-supplied building points in one
batch. This is an equivalent and preferable method to running the flood analysis on each
development scenario separately, which would require revisions to the user-supplied
database between each flood analysis. Relative to the data import process, analyzing usersupplied data points with the Hazus flood model is less CPU-intensive, allowing all
building points to be analyzed simultaneously and necessitating only one flood model
‘run’ for each study area.
Figure 58 displays the CDMS wizard used to import building data into the usersupplied inventory. Source and destination fields are ‘matched’ to ensure that proper
formatting and field names are used with the Hazus flood model. During this step, the
197

‘Scenario’ field created for querying and comparing scenarios is assigned to the Hazus
‘Comment’ field, appropriate for this use as a ‘Text’ field 50 characters in length.
Figure 58: CDMS Field Matching Import Wizard

Once buildings from all eight scenarios were imported into the CDMS Repository
and transferred to the TX State building inventory for analysis in Hazus, the final step
before applying the Flood model in Hazus was to update the Hazus study region used for
the modeling with the new site-specific data. Travis County was the study region for both
the Onion Creek and Gilleland Creek study areas, and was updated using the CDMS
interface before testing was performed in Hazus-MH.
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PERFORMING HAZUS FLOOD LOSS ESTIMATION ON ET SCENARIOS
Defining a Hazus Study Region
The first step of performing a Hazus flood analysis is defining the study region,
which is the geographic area that will be analyzed. Important to note is that Hazus will
not include any inventory data or allow the inclusion of any user-defined facilities outside
of the study region. With this in mind, Travis County was chosen as the study region for
all Hazus analyses performed, since both study areas under analysis are fully contained
within this region.
Next, the hazards under consideration are selected for the study region, since each
hazard requires different default information, and study regions only include the
information needed for the hazards intended to be examined. For this analysis, only
‘Flood’ was selected as the hazard type. The study region level of aggregation of ‘census
block’ was also selected at this stage.4
Defining the Flood Hazard
Defining the flood hazard in Hazus involves importing topography data and
calculating stream networks for riverine hazard. While Hazus is equipped to analyze both
riverine and coastal flood hazards, for this study ‘Riverine Only’ was selected for Flood
analysis.
Defining Topography
Topography is the most critical element to the Flood Model. For Level 1 flood
analysis, which does not utilize any improved user-supplied flood models, Hazus
provides a workflow for defining a data extent and obtaining the necessary digital
4

Level of aggregation does not affect the resolution of results, and all Flood Model results area computed
at the census block level. It is even less important for this analysis since user-defined site-specific point
features are being used.
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elevation data (digital elevation models, or DEMs) from the USGS National Elevation
Dataset (NED). Based on the study region, Hazus calculates the geographic extent of
DEM data needed to cover not only the study region, but also all the intersecting
watersheds that impact flood risk in the study area. Hazus includes a wizard for
downloading, combining, and referencing DEM tile data for use in the Flood model.
Defining topography for the Travis County study region required X DEM datasets
from USGS to be tiled edge-to-edge, processed by Hazus. The default DEMs utilized by
Hazus are composed of 1/3 arc second (approximately 10m) grid cells, which determines
the spatial resolution of floodplain areas drawn later in the process.
Generating a Stream Network
The next step was to generate a stream network, a one-time analysis to establish
the stream network identity for all subsequent flood scenarios generated in the study
region. The process involves the input of an appropriate stream drainage area in square
miles. This value represents the total land area that drains into any given stream reach,
excluding any drainage at the starting node of the reach (Federal Emergency
Management Agency 2016a). An ‘appropriate’ stream drainage area size depends on the
level of detail needed for stream delineation, which in turn depends on the size of the
study region and the scale of the flood scenarios being tested. For the Travis County
study region, a stream drainage area of 2 square miles was determined to be an
appropriate threshold for the level of definition needed for the analysis. Figure 59
displays the Hazus stream delineation for Travis County (and intersecting watersheds)
based on these parameters, requiring approximately 5 hours of DEM processing time.
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Figure 59: Travis County Stream Delineation

Defining Scenarios
A Hazus scenario defines the specific stream network and the hydrologic and
hydraulic characteristics to include in an analysis run. A scenario can include any or all of
the stream reaches defined within the study region. For both the Onion Creek and
Gilleland Creek study areas, stream reaches intersecting each study area were selected
and saved as Hazus scenarios.
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Figure 60: Flood Scenario Stream Reach Selection

Figure 61: Onion Creek and Gilleland Creek Flood Scenarios within the Travis County
Study Region
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Hydrologic Analysis
Once a scenario is defined, hydrologic calculations needed to be performed for
the selected stream reaches in order to perform frequency-related flood analyses (i.e.,
100-year return period, annualized loss, etc.). Specific flood discharges can be applied to
stream reaches without performing hydrologic analysis, however it was determined that
utilizing common return periods would be helpful for flood modeling in both study areas.
The 2013 Halloween Flood in the Onion Creek study area is estimated to have been
equivalent to a 140-year flood event (Earl, Jordan, and Scanes 2015), which is the hazard
definition used for the historical counterfactual scenarios conducted in this analysis, as
opposed to a specific flood volume discharge.5
Delineating Floodplain Areas and Flood Depth Grids
At this stage, the Delineate Floodplain tool was used to select the type of hazard
analysis to be conducted. The Full Suite of Return Periods option calculates flood depth
grids and floodplain boundaries for the 10-year, 25-year, 50-year, 100-year and 500-year
return period floods on each of the stream reaches. A Single Return Period can also be
specified between 10 and 500 years for which the flood characteristics will be calculated.
Finally, a Single Discharge can also be defined for each stream reach, in cubic feet per
second (cfs).
For this analysis, a 140-year flood event was modeled for the Onion Creek study
area, in order to replicate the hazard conditions of the 2013 Halloween flood in the
context of different development patterns. For the Gilleland Creek study area, a full suite
of flood depth grids ranging from 25- to 500-year events was analyzed, in order to assess
the plausible impacts of a broad range of flood events on development alternatives.
5

Stream gauge data is unavailable for Onion Creek during the 2013 Halloween flood event, due to
overwhelming stream flow which overwhelmed and even damaged stream gauges.
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Figure 62: Onion Creek 140-year Return Period Flood Depth Grid

Running a Flood Analysis
Once the study region’s user-defined facilities are updated to reflect the ET development
scenarios and the necessary flood models are created, the analyses are ready to ‘run’ in
Hazus. After selecting ‘Run’ from the Hazus Analysis menu, ‘User Defined Structures’
was selected under the Analysis Options to indicate that flood analysis would be applied
to the ET point data. None of the other analysis options, such as the General Building
Stock and Essential Facilities, were selected for this analysis, since those databases
reflect default data as opposed to the alternative scenarios developed using ET. Because
the flood analysis was focused purely on point data rather than aggregate building stock
information, processing time for each flood scenario was relatively short.
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Flood Analysis Results
Analysis results can be viewed in tabular, map or printed report formats in Hazus.
Results shapefiles were post-processed in ArcMap following their creation in Hazus.
Since Hazus does not support the comparison of urban development scenarios, scenario
identifiers were coded into the attribute table of the building database, so that buildings
and flood losses could be queried according to the development scenario. Figure 63
pictures the flood analysis as it is viewed in Hazus
Figure 63: Gilleland Creek 100-year Return Period Event Flood Analysis in Hazus
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Chapter 6: Onion Creek Historical Counterfactual Scenarios Results
MAP SYMBOLOGY
Chapters 6 & 7 present maps and tables to describe the alternative development
scenarios tested, the green infrastructure components of each, and the sustainability and
resilience outcomes of each scenario relative to the baseline scenario.
All of the maps utilize a common symbology for urban development, shown in
Figure 64. The maps include additional regulatory and reference layers, shown in Figure
65.
Figure 64: ET-Hazus Development Types Legend

Figure 65: Reference Layers Legend
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ONION CREEK ‘AS BUILT’ BASELINE SCENARIO, 1960-2013
Figure 66: Onion Creek ‘As Built’ Baseline Scenario Map

The Baseline “As Built” Scenario modeled actual development as it occurred in
the Onion Creek study area up until the 2013 Halloween flood. Development types
modeled in ET were calibrated to best represent the actual characteristics of development
on the ground at the time of the flooding in the study area. The majority of the housing
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built in the study area was conventional detached single family housing, modeled as the
Onion Creek Single Family development type in ET. Corridor commercial and
multifamily buildings were developed along I-35, and industrial uses were grouped in
both the northern portion of the study area, along Burleson, and in the southern end of the
study area near 45E.
The Onion Creek study area presents two primary existing land use vulnerabilities
worth noting. First, the study area had over 1,600 mobile home units at the time of the
2013 flooding, which are highly vulnerable building types according to research on social
vulnerability (S. L. Cutter, Boruff, and Shirley 2003). Thus, an objective throughout the
scenario iterations was to mitigate this situation by avoiding the placement of mobile
homes in high-risk areas, and replacing this housing type with affordable alternatives
whenever possible. Second, the study area was developed with industrial uses – primarily
landfill and resource extraction areas – in the headwater areas of the southern portion of
the study area. This substantively created an ecological vulnerability in which pollutants
from these land uses could contaminate surface water at its source. Industrial uses also
threaten the ecological health of these headwater areas through the lack of proper natural
buffers.
While green space appears plentiful in the study area, Figure 67 illustrates the
same baseline scenario overlaid with current City of Austin regulatory zones, including
the 100-year and 500-year floodplains, as well as the Critical Water Quality Zone buffer
areas. It presents many broad swaths of development located in the currently identified
floodplains and creek buffer areas. These are the areas that up until the initial Onion
Creek study in the early 1990s were not recognized to be in the 100-year floodplain (see
Chapter 5 for details). There are also many areas where development encroaches on the
CWQZ buffer areas as they are now defined by the city ordinance. Thus, these regulatory
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areas were not in place for the most part while the development in the study area was
occurring.
Figure 67: Onion Creek ‘As Built’ Baseline Scenario Map with Regulatory Zones

Narrowed to only green infrastructure elements shown in Figure 68, the
relationship between the creek regulatory areas and the protected open space as it existed
in 2013 can be understood more clearly. The study area is fortunate to be parkland rich,
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with large areas of protected open space including McKinney Falls State Park, Onion
Creek Metro Park, the Onion Creek Greenbelt, Williamson Creek East Greenbelt, and a
handful of neighborhood and district parks. However, there are many gaps in the
connectivity of this fragmented green space network, and most of the tributary creeks are
left unprotected. In terms of ecosystem functioning, the spatial arrangement of parkland
and protected open space is just as critical as the raw inventory of parkland, in order to
provide network corridors and hubs with corresponding benefits to plants, animals and
humans alike, described in Chapter 2.
Table 26 displays a selection of the feedback sustainability and resilience
indicators produced by the integrated Envision Tomorrow and Hazus models. Since the
‘As Built’ scenario serves as the baseline for comparing other alternatives, the metrics
produced by the scenario are valuable as reference points for assessing the impacts of the
alternative development and green infrastructure planning approaches.
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Figure 68: Onion Creek ‘As Built’ Baseline Scenario Open Space Map
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Table 26: Onion Creek ‘As Built’ Baseline Scenario Feedback Outputs
Hazus 140-Year Flood Losses
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Green Infrastructure
Parkland & Open Space Acres
Parkland & Open Space Acres per 1,000 residents
Urbanization
Urbanized Acres
New Impervious Acres
Gross Impervious Cover %
Urbanized Impervious Cover %
Population
People
Average Household Size
Housing Mix
Multifamily Units
Townhome Units
Small Lot Single Family Units
Conventional Lot Single Family Units
Large Lot Single Family Units
Mobile Home Units
Total Housing Units
Tenure
Owner-Occupied Units
Rental-Occupied Units
Affordability
Average Rent
Average Rental Unit Size (SqFt)
Average Rent per SqFt
Average Home Price
Average Owner Size (SqFt)
Average Price per SqFt
Employment
Retail Jobs
Office Jobs
Industrial Jobs
Public / Civic Jobs
Educational Jobs
Total Jobs
Jobs/Housing Balance
Jobs-to-Housing Ratio
Density
People per Acre
Housing Units per Acre

share
14,309
2,140
60%
63%
344 million
241 million
27 million
613 million

$
$
$
$

15%

3,225
69
11,763
3,194
27%

46,569
2.56
4,916
1,399
11,649
30
1,678
19,672
13,357
6,315
$
$
$
$

share
68%
32%

1,077
953
1.13
259,145
2,518
103
1,969
4,321
3,688
1,820
6,068
17,867
0.91
gross density
4.0
4.0
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share
25%
7%
59%
9%

share
11%
24%
21%
10%
34%

net density
12.1
5.1

Jobs per Acre
Average Floor-Area Ratio (FAR)
Income
Annual Household Income Needed to Afford Housing
Financial
Land Value
Improvement Value
Total Value
Land Value per SqFt
Improvement Value per SqFt
Total Value per SqFt
Parking Spaces
Parking Spaces
Parking Spaces per 1,000 SqFt
Parking Lot Coverage of Development
Parking Cost
Parking Cost as % of Building Value
New Infrastructure
Total New Road Lane Miles
New Road Cost
Fiscal
Local Property Tax Revenue ($/year)
Local Sales Tax Revenue ($/year)
Local Property Tax Revenue ($/year) per acre
Local Sales Tax Revenue ($/year) per acre
Sustainability
Energy Use (Million BTU/Yr)
Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Internal Water Consumption (G/Day)
Waste Water (G/Day)
Solid Waste (lbs/Day)
New Project Vehicle Miles Traveled (VMT)
MXD Total Daily VMT
Per Housing Unit Residential VMT

1.5
0.19
$

62,514

$
$
$
$
$
$

1.0 billion
5.6 billion
6.6 billion
3.28
98.72
12.84

$

$
$
$
$
$

5.9

106,824
1.79
10%
600 million
9%
352
793 million
26.4 million
7.52 million
3,678
1,048
per HH
182.9
17.1
240.5
236.4
147.5
6.3
874,402
24

per emp
24.4
2.3
60.6
26.2
3.3
per project
60

As has been realized by the repetitive flooding in this area since the late 1990s,
the ET-Hazus link estimates severe flood losses for this development scenario when
conditions similar to the 2013 flooding are applied. Figure 69 displays the buildings
estimated to suffer losses from a 140-year storm event impacting all of the study area’s
modeled stream reaches. Each point represents an individual building damaged, and the
color of the point indicates the building type according to the symbology presented at the
beginning of the chapter. In addition to the area of the current housing buyouts,
substantial detached single family losses were estimated to occur throughout the Onion
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Creek corridor, in areas where housing was nestled tightly into creek bends during
subdivision development.
Important to note is that the results do not replicate the 2013 flood event perfectly,
nor do they claim to. This is primarily because in reality, flood discharges did not reach
140 year levels throughout all of the study area’s stream reaches. This is related to the
Watershed Planner’s observation that rain events in Austin tend to vary in shape on a
hydrograph, creating a high variation of flood peaks throughout a relatively small region.
In order to more accurately model the 2013 flood, stream reaches would have to be
modeled according to their individual discharge levels during the event. While Hazus is
capable of doing this, the primary challenge is that this data is not available. Historical
discharge data is not available for individual stream reaches; in reality there are only a
handful of USGS stream gauges on major streams throughout South Austin (USGS
2017).
The 2013 event is estimated to have been at 140 year flood levels in the area of
the housing buyouts -- which has been hit the hardest by “rainbomb” storms over recent
years – but other stream reaches in the study area did not necessarily reach these levels.
This is because while flood models use uniform hydrographs, actual storm events can
have intense cells in small areas, creating differences in storm magnitude for smaller
drainage areas. Thus, when interpreting the results of the scenario modeling for this
study, it should be remembered that they reflect estimated losses if flood conditions were
as severe throughout the study area stream reaches as they were in core area of losses
during the 2013 event. It is also important to note that, depending on the shape and size
of the storm, the modeled conditions in any portion of the study area are no less plausible
than the impacts that have recently been realized in the area of the US Army Corps
buyouts. Had such an analysis been carried out before the study area was developed, it
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would have been useful to assess a storm of this magnitude throughout the study area for
the purpose of resilience planning.
Figure 69: Onion Creek ‘As Built’ Baseline Scenario 140-year Flood Losses Map

Based on these results, alternative development scenarios were next modeled to
test ways in which Onion Creek could have been developed more sustainability and
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resiliently using structural, conservation, and green infrastructure network approaches,
and to gauge these impacts using the ET-Hazus integrated analytical models.
ONION CREEK STRUCTURAL MITIGATION SCENARIO, 1960-2013
Figure 70: Onion Creek Structural Mitigation Scenario Map

The second scenario tested for the Onion Creek study area was a structural
mitigation approach to development. The scenario re-imagines the study area if all
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residential structures currently in the 100-year floodplain had been elevated using
pier/pile foundations to a first floor height of ten feet, replicating a common building
approach in which ground level areas are used for tuck under parking. Besides
implementing structural mitigation approaches in the floodplain, this scenario is identical
to the original ‘As Built’ scenario. Shown in Figures 70 & 71, parcels with elevated
structures are emphasized with a brighter yellow hue.
Figure 71 shows the structural mitigation development scenario overlaid with the
creek regulatory areas. While still spatially exposed to flood zones, this alternative
improves on the baseline scenario by constructing homes in the 100-year floodplain so
that first floor elevations are above base flood elevations, thus reducing the likelihood of
extensive flood damage to these exposed structures. Additionally, existing townhomes
and apartments in the 100-year floodplain were replaced with elevated versions of these
development types. Note that none of the existing development was altered in the CWQZ
creek buffer areas, and they remain unprotected. Additionally, no modifications were
made to development in the 500 year floodplain for this development scenario.
Looking at the green infrastructure plan associated with this scenario, pictured in
Figure 68, the open space network is identical to that in the fragmented ‘As Built’
scenario, and thus offers no significant improvements in terms of ecological health over
the baseline scenario. Alternatively framed, the structural mitigation scenario presents no
new substantive tensions with development interests, since no additional land
acquisitions would have been required to implement this scenario. In other words,
landowners in the floodplain would still have been able to improve and profit off of their
land, which could be viewed as an advantage for economic development interests.
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Figure 71: Onion Creek Structural Mitigation Scenario Map with Regulatory Zones

The feedback indicators produced by the ET-Hazus model, shown in Table 27,
provide important insight into the impacts of this alternative approach to development.
Note that all non-baseline scenarios include another category of feedback information
which displays the order of magnitude change of the metric compared to the baseline
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scenario. This supports one of the most helpful aspects of using scenarios, which is the
ability to compare and contrast between complex spatial alternatives.
Table 27: Onion Creek Structural Mitigation Scenario Feedback Outputs
Hazus 140-Year Flood Losses
Total Buildings
Buildings Exposed
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Green Infrastructure
Parkland & Open Space Acres
Parkland & Open Space Acres per 1,000 residents
Urbanization
Urbanized Acres
New Impervious Acres
Gross Impervious Cover %
Urbanized Impervious Cover %
Population
People
Average Household Size
Housing Mix
Multifamily Units
Townhome Units
Small Lot Single Family Units
Conventional Lot Single Family Units
Large Lot Single Family Units
Mobile Home Units
Total Housing Units
Tenure
Owner-Occupied Units
Rental-Occupied Units
Affordability
Average Rent
Average Rental Unit Size (SqFt)
Average Rent per SqFt
Average Home Price
Average Owner Size (SqFt)
Average Price per SqFt
Employment
Retail Jobs
Office Jobs
Industrial Jobs
Public / Civic Jobs
Educational Jobs

share
14,887
2,582
1,487
32.2%
39.3%
169 million
157 million
27 million
353 million

$
$
$
$

17.3%
10.0%

3,225
69
Acres
11,763
3,161
27%
37%
46,538
2.54
4,921
1,417
1,903
10,040
30
1,511
19,822
13,663
6,158
$
$
$
$

share
69%
31%

1,169
971
1.20
264,530
2,397
110
1,969
4,321
3,688
1,820
6,068
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share
25%
7%
10%
51%
8%

share
11%
24%
21%
10%
34%

% change
+4%
+ 21%
- 31%
-33%
-47%
-38%
-51%
-35%
-42%
% change
% change
-1%
% change
-1%
% change
+1%
All new
-14%
-10%
+1%
% change
+2%
-2%
% change
+9%
+2%
+6%
+2%
-5%
+7%
% change
-

Total Jobs
Jobs/Housing Balance
Jobs-to-Housing Ratio
Density
People per Acre
Housing Units per Acre
Jobs per Acre
Average Floor-Area Ratio (FAR)
Income
Annual Household Income Needed to Afford Housing
Financial
Land Value
Improvement Value
Total Value
Land Value per SqFt
Improvement Value per SqFt
Total Value per SqFt
Parking Spaces
Parking Spaces
Parking Spaces per 1,000 SqFt
Parking Lot Coverage
Parking Cost
Parking Cost as % of Building Value
New Infrastructure
Total New Road Lane Miles
New Road Cost
Fiscal
Local Property Tax Revenue ($/year)
Local Sales Tax Revenue ($/year)
Local Property Tax Revenue ($/year) per acre
Local Sales Tax Revenue ($/year) per acre
Sustainability
Energy Use (Million BTU/Yr)
Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Internal Water Consumption (G/Day)
Waste Water (G/Day)
Solid Waste (lbs/Day)
New Project Vehicle Miles Traveled (VMT)
MXD Total Daily VMT
Per Housing Unit Residential VMT

17,867
0.90
gross density
4.0
4.0
1.5
0.21
$

64,984

$
$
$
$
$
$

1.2 billion
5.7 billion
6.9 billion
3.85
103.55
18.55

$

$
$
$

net density
12.6
5.4
5.9

108,785
1.87
10%
764 million
11%
343
773 million
27.2 million
7.52 million
$ 3,905
$ 7,001
per HH
181.7
17.0
222.2
233.8
147.1
6.3
878,222
24

per Emp
24.4
2.3
60.6
26.2
3.3

% change
-1%
% change net density
+4%
+5%
+8%
% change
+4%
% change
+14%
+3%
+5%
+17%
+5%
+5%
% change
+2%
+4%
+27%
+21%
-2%
-2%
% change
+3%
+6%
+3%
% change per HH
-1%
-1%
-8%
-1%
% change
+0.4%
+0.1%

Significant impacts relative to the baseline scenario are highlighted in the ‘%
change’ column of Table 27. Throughout the presentation of results, ‘significant’ impacts
are interpreted as those with a greater than 5% change, or delta, from the baseline
outcomes. Significant impacts that can be argued as normatively positive outcomes are
highlighted in green. Significant impacts that could be interpreted as a negative outcome
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are highlighted in yellow. Significant impacts that are notable but not necessarily good or
bad are highlighted in blue. These assessments were made from a standpoint of
improving overall community sustainability and resilience, and could certainly be
interpreted differently depending on the interests of the information consumer.
One sustainability benefit of the structural mitigation scenario is the introduction
of more compact single family detached housing typologies to offset a reduction in
conventional detached single family homes and mobile homes. The approach of pursuing
slightly more modest housing and parcel sizes was intended to satisfy several
sustainability and resilience objectives, including (1) the creation of more compact and
connected neighborhoods to improve accessibility to destinations such as amenities and
employment, thus reducing reliance on vehicle trips; and (2) the creation of more
affordable housing choices through reductions in construction materials and costs.
Modest increases in net density of housing and population were achieved, as well as a
slightly more intensive built environment as indicated by an increase in average Floor
Area Ratio (FAR), which measures the relationship between square footage and
maximum building footprint. However, in this scenario, the reductions in average unit
size were only realized for owner-occupied housing, and the average cost of both rental
and owner-occupied housing increased in this scenario. This is mostly due to the
increased cost of structural flood mitigation applied to the large bulk of housing in the
floodplain.
Another benefit drawn from the feedback metrics of the structural mitigation
scenario was a modest improvement in municipal fiscal health, through increased local
property tax revenues produced by development in the study area. In terms of impacts to
resource sustainability, the scenario only presents substantive improvements in the area
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of average landscaping water use, a reflection of the more compact and elevated housing
typologies developed in the floodplain.
Figure 72: Onion Creek Structural Mitigation Scenario 140-year Flood Losses Map

The most significant outcomes of the structural mitigation scenario were
estimated by the Hazus 140-year flood model. Interestingly, because the elevated
building typologies are slightly more compact than those modeled in the baseline
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scenario, more buildings are exposed to floodwaters in this scenario than in the baseline
scenario. However, this isn’t necessarily a negative impact, because other indicators of
potential flood losses are much improved when compared to the baseline scenario. This
includes a roughly 30% reduction in buildings damaged, a 33% reduction in the extent of
damage to these buildings and a 47% reduction in the extent of damage to their contents.
In terms of economic losses, the scenario results in a 38% reduction in building losses, a
51% reduction in content losses, and a 35% reduction in inventory losses for retail
buildings. In total, the structural mitigation scenario is estimated to result in a 42%
reduction in overall economic losses, avoiding $260 million in economic losses.
Figure 72 shows the spatial arrangement of flood losses, which are similar to
those incurred by the baseline scenario. The difference between exposed and damaged
buildings is seen in the size of the building points. Exposed but not damaged buildings
(i.e. the elevated structures) are pictured with smaller points than those buildings that
were damaged. Thus, looking at the map, it is clear that the large areas of elevated single
family housing in the floodplain helped to avoid large amounts of additional flood
damage. However, it’s important to note that these structures are still exposed to flood
zones at ground level, which can bring impacts not produced by the Hazus analysis. At
the same time, from a sustainability standpoint, there are additional improvements that
could be made in order to support development that is normatively more sustainable.
This feedback raised the question of how green infrastructure planning
approaches could potentially improve on a purely structural mitigation approach. Two
levels of green infrastructure planning were tested next, along with corresponding shifts
to the built environment, to assess the impacts of improving the conservation of riparian
areas and other priority natural areas.
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ONION CREEK RIPARIAN CONSERVATION SCENARIO, 1960-2013
The next scenario was modeled to portray how the study area might have
developed differently had the current 100-year floodplain and CWQZ creek buffers been
implemented prior to the urbanization of the study area. Shown in Figure 73, significant
adjustments to both the protected open space network and the pattern of urbanization are
both apparent. By limiting development in the regulatory floodplain and creek buffers,
this scenario effectively absorbs these housing and jobs in other areas of the study area.
With these new constraints on development in riparian areas, the more suitable areas for
building become more focused nodes of development. For example, if open space
conservation was expanded according to this scenario without altering other existing
development, the study area would loss nearly 10,000 residents, 4,000 housing units, and
2,000 jobs. Thus, to model comparable scenarios, development in other non-regulated
portions of the study area needs to absorb these numbers.
The development scheme for this scenario is focused on absorbing the lost
development from the floodplain area into existing nodes of development in a way that is
more in line with sustainable development practices. This included the creation of two
‘Main Street’ neighborhood mixed use districts with apartments, townhomes and
compact single family development types clustered around these more activated nodes,
for the purposes of creating ‘complete’ walkable neighborhood nodes. Noteworthy is that
this scenario still includes a substantial supply of detached single family housing on
conventional sized lots, as well as corridor-oriented commercial and multifamily uses.
The implementation of floodplain and creek regulations also had the benefit of
creating improved buffer areas in the southern portion of the study area where the
baseline and structural mitigation scenarios had industrial uses overlapping with
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headwater areas. The use of regulatory zones effectively prevents industrial uses from
encroaching on and degrading these ecologically sensitive areas.
Figure 73: Onion Creek Riparian Conservation Scenario Map
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Figure 74: Onion Creek Riparian Conservation Scenario Map with Regulatory Areas

Viewed in the context of these regulatory zones, shown in Figure 74, it is clear
that urban development in this scenario has avoided high-risk areas in a much more
meaningful sense than the first two scenario tested. These regulations had the secondary
impact of laying the groundwork for a much less fragmented open space system, pictured
in Figure 75.
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Figure 75: Onion Creek Riparian Conservation Scenario Open Space Map

In addition to expanding the inventory of open space in the study area, which was
already plentiful, the primary advantage of implementing the regulatory areas from a
green infrastructure standpoint was in the creation of a much more robust open space
network. In this scenario, the entire Onion Creek corridor is contiguously protected from
development, creating a major corridor for species movement, as well as large hub areas
that support species diversity. Creeks feeding into Onion Creek are also protected in this
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scenario, creating additional wildlife corridors and the potential for a network of offstreet trails. While this study is not equipped to measure impacts on water quality, water
infiltration, and erosion, the riparian conservation approach certainly offers advantages
from that standpoint as well, which was the motivation behind the City’s recent
implementation of the CWQZ buffers.
Beyond the spatial differences, the impacts of the riparian conservation scenario
can be understood more clearly through the use of sustainability and resilience feedback
metrics, shown in Table 28. In contrast to the structural mitigation scenario, where the
impacts were primarily reductions in flood losses, a riparian conservation approach
brings benefits across a wider spectrum of interrelated community interests. In terms of
urbanization, the scenario offers improvements in the form of expanded park space per
capita, while reducing the new urbanized areas and impervious surface coverage in the
study area. Reflecting the slightly more intensive forms of development, impervious
surface coverage of urban areas in this scenario are actually slightly higher. However,
when measuring the impervious surface coverage of the entire study area, gross
impervious cover is reduced by 23% compared to the baseline scenario.
To a greater extent than the structural mitigation scenario, the riparian
conservation approach sought to support the development of a broader range of housing
options, with more compact forms of single family detached housing, attached single
family townhomes, and apartments, and less conventional and large lot single family
housing as well as mobile homes. Somewhat surprisingly, the expansion of townhome
and compact single family building types effectively increased the share of housing that
was owner-occupied in the study area. These expanded housing types, while reducing the
average size of owner-occupied units by 9%, also reduced the average cost of owning a
home by 12%. At the same time, rental units in the study area increased in size, likely a
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result of the increased land values associated with more intensive forms of development
found in the new mixed-use neighborhood nodes.
Table 28: Onion Creek Riparian Conservation Scenario Feedback Outputs
Hazus 140-Year Flood Losses
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Green Infrastructure
Parkland & Open Space Acres
Parkland & Open Space Acres per 1,000 residents
Urbanization
Urbanized Acres
New Impervious Acres
Gross Impervious Cover %
Urbanized Impervious Cover %
Population
People
Average Household Size
Housing Mix
Multifamily Units
Townhome Units
Small Lot Single Family Units
Conventional Lot Single Family Units
Large Lot Single Family Units
Mobile Home Units
Total Housing Units
Tenure
Owner-Occupied Units
Rental-Occupied Units
Affordability
Average Rent
Average Rental Unit Size (SqFt)
Average Rent per SqFt
Average Home Price
Average Owner Size (SqFt)
Average Price per SqFt
Employment
Retail Jobs
Office Jobs
Industrial Jobs
Public / Civic Jobs
Educational Jobs
Total Jobs

share

$
$
$
$

12,789
479
41.9%
46.4%
51.0 million
35.0 million
8.8 million
94.8 million

3.7%

6,101
135
7,139
2,745
21%
38%
45,147
2.47
5,404
2,330
1,824
8,898
26
1,221
19,704
13,981
5,723
$
$
$
$

share
71%
29%

1,198
922
1.30
236,890
2,217
106
3,911
3,930
3,174
1,618
5,392
18,025
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share
27%
12%
9%
45%
0%
6%

share
22%
22%
18%
9%
30%

% change
-11%
-78%
-31%
-27%
-85%
-86%
-68%
-85%
% change
+89%
+95%
% change
-16%
-14%
-23%
+3%
% change
-3%
-3%
% change
+10%
+67%
All new
-24%
-13%
-27%
% change
+5%
-9%
% change
+11%
-3%
+15%
-9%
-12%
+4%
% change
+99%
-9%
-14%
-11%
-11%
+1%

Jobs/Housing Balance
Jobs-to-Housing Ratio
Density
People per Acre
Housing Units per Acre
Jobs per Acre
Average Floor-Area Ratio (FAR)
Income
Annual Household Income Needed to Afford Housing
Financial
Land Value
Improvement Value
Total Value
Land Value per SqFt
Improvement Value per SqFt
Total Value per SqFt
Parking Spaces
Parking Spaces
Parking Spaces per 1,000 SqFt
Parking Lot Coverage
Parking Cost
Parking Cost as % of Building Value
New Infrastructure
Total New Road Lane Miles
New Road Cost
Fiscal
Property Tax Revenue ($/year)
Sales Tax Revenue ($/year)
Property Tax Revenue ($/year) per acre
Sales Tax Revenue ($/year) per acre
Sustainability
Energy Use (Million BTU/Yr)
Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Internal Water Consumption (G/Day)
Waste Water (G/Day)
Solid Waste (lbs/Day)
New Project Vehicle Miles Traveled (VMT)
MXD Total Daily VMT
Per Housing Unit Residential VMT

0.91
gross density
3.4
4.9
1.4
0.22
$

60,430

$
$
$
$
$
$

1.18 billion
5.65 billion
6.83 billion
4.50
106
21.96

$

$
$
$
$
$

net density
14.2
6.2
6.8

97,703
1.76
11%
547 million
8%
290
653 million
27.4 million
13.2 million
4,539
2,181
per HH
171.9
16.0
188.5
223.3
141.2
6.0

per Emp
36.2
3.4

1.03 million
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61.3
27.6
3.4

% change
+1%
% change net density
+18%
+22%
+15%
+12%
% change
-3%
% change
+15%
+2%
+4%
+37%
+8%
+24%
% change
-9%
-2%
+8%
-9%
-12%
% change
-18%
-18%
% change
+4%
+75%
+23%
+108%
% change per HH
-6%
-6%
-22%
-6%
-4%
-4%
% change
+18%
-3%

Worth noting is the adjustment in employment mix. The implementation of
mixed-use neighborhood centers effectively doubled the number of retail jobs in the
study area, while employment of all other types has been slightly tamped. The largest
reduction in jobs was in the industrial sector at 14%, as a result of these areas losing land
to regulatory buffers, as well as to offset the growth in retail jobs.
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Financially, this scenario acted to increase land and improvement values in the
study area, both in absolute terms for the value of land, and when normalized on a per
square foot basis for land and improvement values. While total value in the study area
increased by 4%, total value on a per square foot basis is increased by 24%, reflecting
much more efficient forms of development. From the City’s standpoint, annual sales tax
revenues are increased by 75%. From a normalized standpoint, property tax revenues
were increased by 23% per acre, and sales tax revenues were more than doubled,
increasing by 108% per acre.
The conservation sceanrio also brought benefits in terms of reducing the space
and cost required by transportation-related infrastructure. For example, road miles and
the cost of road construction for the scenario was 18% less than the baseline scenario.
The amount of parking spaces required and the cost to construct parking areas was
reduced by 9% each. While total parking area is reduced, the relative coverage of parking
areas within the urbanized portion of the study area is actually increased by 8% resulting
from the more intensive forms of devleopment, much like the impact on relative
impervious surface coverage when narrowed to new urbanized areas. While this is to be
expected in leiu of broader reductions in automobile usage, it holds implications for other
related issues such as localized urban heat effects, and could be further mitigated by
reducing parking requirements or pursuing shared parking approaches within the
urbanized portions of the study area.
From a resource sustainability standpoint, the riparian conservation scenario
offers further improvemets to the baseline scenario. External water consumption for
landscaping was reduced by 22%, and new reductions are seen in the areas of energy use,
carbon production, and internal water use, all reduced by 6% compared to the baseline
scenario.
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The riparian conservation scenario also produced noteworthy travel behavior
impacts estimated by the EPA Mixed Use District (MXD) Trip Generation model
embedded into each ET building prototype and driven by the physical characteristics of
the built environment (e.g., see Ewing and Cervero 2010, 2001). While the model
predicts an 18% increase in total Vehicle Miles Travelled (VMT) in the study area –
primarily a reflection of increased commercial activity in the neighborhood centers –
daily household VMT is estimated to decrease by 3%, reflecting more compact and
connected forms of development in the study area.
The flood loss estimates produced by the Hazus model for the riparian
conservation sceanrio supports the robust belief amongst academics that land use controls
are one of the most effective flood mitigation tools. Across the board, flood losses to
buildings, content, and inventory are further reduced from the baseline scenario. This
includes a nearly 80% reduction in damaged buildings, and approximately a 30%
reduction in the average extent of damage to these buildings. Ecomomic losses stemming
from building and content damage were both reduced by 85%, while inventory losses
were reduced by 68%. In total, over $515 million in economic losses are estimated to be
avoided in this scenario when compared to the ‘As Built’ scenario.
Figure 76 displays the location of flood losses in the study area. Noteworthy is
that damaged buildings on Onion Creek have been substantially reduced, and flooding
issues are now in more focused problem areas. This includes a large bulk of single family
housing on the northern bank of Williamson Creek in the northwest portion of the study
area. This supports the fear that even with proper regulations in place, flooding in the
Onion Creek area could still be problematic over time. This points to the dynamic nature
of flooding in the area, which makes establishing regulatory zones somewhat difficult,
perhaps building an argument for heightened green infrastructure land use approaches.
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Figure 76: Onion Creek Riparian Conservation Scenario 140-year Flood Losses Map
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ONION CREEK GREEN INFRASTRUCTURE NETWORK SCENARIO, 1960-2013
Figure 77: Onion Creek Green Infrastructure Network Scenario Map

In light of the persistent flooding challenges in the Onion Creek area, even with
improved regulations in place, an optimal green infrastructure network scenario was
modelled to investigate further impacts to community sustainability and resilience that
might have been realized through a natural systems approach to planning Onion Creek.
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An optimal green infrastructure network plan for the study area is shown in Figure 77.
This scenario builds off the riparian conservation scenario by avoiding development in
the 500-year floodplain altogether and conserving priority areas identified by the Travis
County Greenprint. In addition, efforts were made to maximize the linkages and create
new nodes in the green infrastructure network, following the principles of green
infrastructure as they are summarized by Benedict and McMahon (2012, chap. 2).
In addition, the green infrastructure network scenario pursues a more serious
interpretation of sustainable development, expanding the planning of neighborhoods to
center around main street mixed use nodes with focused, more compact development.
While this approach is in line with other interpretations of sustainable development to
decrease the land consumed by urbanization and increase accessibility to amenities, for
this analysis specifically it also creates more opportunities for better green infrastructure
planning. By opting for slightly more compact development patterns, the Onion Creek
study area could have avoided fragmented forms of sprawl development, which has
substantially reduced the opportunities for creating a cohesive green infrastructure
network today.
The green infrastructure network in this scenario is serving additional land use
functions beyond those already discussed such as flood mitigation, stormwater
infiltration, water quality protection, erosion mitigation, and provision of recreation and
active transportation opportunities. The spatial layout of the network is also intended to
maximize the benefits of land use buffers, creating separation between residential
neighborhoods and incompatible land uses such as industry and highway-oriented
development. Major riparian corridors are supplemented with smaller trail networks,
creating connections between neighborhoods, recreation areas, schools, and other
amenities.
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Figure 78: Onion Creek Green Infrastructure Network Scenario Open Space Map

Shown overlaid with regulatory areas in Figure 78, this scenario achieves
complete conservation of floodplains and sensitive riparian corridors, while going beyond
these natural features to create new linkages and hubs for plants, animals and humans
alike. Important to note is that this green infrastructure plan should be interpreted as a
collection managed parkland, less-managed open space, and other protected natural areas
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held by both public and private entities, and protected through a combination of local
implementation tools including fee-simple acquisition, conservation easements, and
purchases/transfers of development rights (e.g., see Benedict and McMahon 2012, chap.
6).
The metrics generated by the ET-Hazus models estimate substantial community
benefits stemming from a green infrastructure approach to planning Onion Creek. Along
with nearly three times the protected open space offered by the baseline scenario, the
green infrastructure network scenario results in a roughly 30% reduction in urbanized
land and impervious area compared to the baseline scenario. To a greater extent than the
riparian conservation scenario, the green infrastructure approach proposes a more
compact mix of housing choices, mainly through the construction of more attached single
family townhomes and compact detached single family housing. This resulted in a 22%
reduction in average home prices when compared to the baseline scenario. These
alternative housing typologies offset a reduction in vulnerable mobile homes, which saw
a 45% decrease from the baseline, and conventional single family homes on 10,500
square foot lots, which saw a 63% reduction. A downside to the modeled housing mixture
in this scenario was a 9% decrease in rental units along with a 25% increase in average
rents. In light of the more intensive development types used, this information calls for a
more thorough investigation into potential ways to increase the supply of rental housing
in the study area.
The green infrastructure network scenario, perhaps surprisingly, also produced an
8% increase in study area employment than the baseline scenario, bolstered by mixed-use
neighborhood centers and an increase in office space. The jobs-housing balance for the
green infrastructure network scenario is 0.94, indicating slightly fewer jobs in the study
area than housing units, but a very healthy balance of uses nonetheless.
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Table 29: Onion Creek Green Infrastructure Network Scenario Feedback Outputs
Hazus 140-Year Flood Losses
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Green Infrastructure
Parkland & Open Space Acres
Parkland & Open Space Acres per 1,000 residents
Urbanization
Urbanized Acres
New Impervious Acres
Gross Impervious Cover % (including parkland)
Urban Impervious Cover %
Population
People
Average Household Size
Housing Mix
Multifamily Units
Townhome Units
Small Lot Single Family Units
Conventional Lot Single Family Units
Large Lot Single Family Units
Mobile Home Units
Total Housing Units
Tenure
Owner-Occupied Units
Rental-Occupied Units
Affordability
Average Rent
Average Rental Unit Size (SqFt)
Average Rent per SqFt
Average Home Price
Average Owner Size (SqFt)
Average Price per SqFt
Employment
Retail Jobs
Office Jobs
Industrial Jobs
Public / Civic Jobs
Educational Jobs
Total Jobs
Jobs/Housing Balance
Jobs-to-Housing Ratio
Density
People per Acre
Housing Units per Acre

share

$
$
$
$

11,207
86
26.2%
31.2%
26.9 million
17.7 million
1.6 million
46.3 million

0.8%

9053
201
5,865
2,265
15%
39%
44,990
2.37
5,742
4,383
5,037
4,333
22
922
20,440
14,697
5,742
$
$
$
$

share
72%
28%

1,351
1,033
1.31
202,674
1,802
112.48
2,896
5,280
3,200
1,820
6,068
19,265

0.94
Gross density
3.0
6.9
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share
28%
21%
25%
21%
0%
5%

share
15%
27%
17%
9%
31%

Net density
19.2
8.7

% change
-22%
-96%
-57%
-51%
-92%
-93%
-94%
-92%
% change
+181%
+191%
% change
-31%
-29%
-44%
+3%
% change
-3%
-7%
% change
+17%
+213%
All new
-63%
-26%
-45%
+4%
% change
+10%
-9%
% change
+25%
+8%
+16%
-22%
-28%
+9%
% change
+47%
+22%
-13%
+8%
% change
+4%
% change net density
+59%
+71%

Jobs per Acre
Average Floor-Area Ratio (FAR)
Income
Annual Household Income Needed to Afford Housing
Financial
Land Value
Improvement Value
Total Value
Land Value per SqFt
Improvement Value per SqFt
Total Value per SqFt
Parking Spaces
Parking Spaces
Parking Spaces per 1,000 SqFt
Parking Lot Coverage
Parking Cost
Parking Cost as % of Building Value
New Infrastructure
Total New Road Lane Miles
New Road Cost
Fiscal
Property Tax Revenue ($/year)
Sales Tax Revenue ($/year)
Property Tax Revenue ($/year) per acre
Sales Tax Revenue ($/year) per acre
Sustainability
Energy Use (Million BTU/Yr)
Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Internal Water Consumption (G/Day)
Waste Water (G/Day)
Solid Waste (lbs/Day)
New Project Vehicle Miles Traveled (VMT)
MXD Total Daily VMT
Per Housing Unit Residential VMT

1.3
0.24

7.2

55,514
$
$
$
$
$
$

$

$
$
$
$
$

783 million
5.43 billion
6.21 billion
3.55
111
24.32
97,143
1.95
12%
510 million
8%
202
455 million
25.1 million
9.62 million
4,950
1,896
per HH
156.7
14.6
114.3
206.3
130.4
5.5
Total
927,859
23

per Emp
29.3
2.7
61.4
27.3
3.2

+23%
+22%
% change
-11%
% change
-24%
-2%
-6%
+8%
+12%
+38%
% change
-9%
+9%
+27%
-15%
-10%
% change
-43%
-43%
% change
-5%
+28%
+34%
+81%
% change per HH
-14%
-14%
-52%
-13%
-12%
-12%
% change
+6%
-6%

Another interesting impact of the green infrastructure network scenario was a
reduction in total value of development. However, when normalized by square footage,
the total value of the development is 38% higher than the baseline scenario on a per-unit
basis. This reflects an approach of utilizing more focused and compact development
patterns. This is reflected in fiscal revenues from property and sales tax sources. While
the total local property tax revenue is 5% less than the baseline scenario, on a per-acre
basis these revenues are 34% higher. In terms of sales tax, the scenario generates 28%
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higher total revenues for the city than the baseline scenario, which is 81% more on a peracre basis.
The green infrastructure network scenario also requires less construction of roads
miles and parking spaces than the other scenarios tested. Compared to the baseline
scenario, the green infrastructure scenario has 43% less road miles, saving an incredible
$338 million in road construction costs. The green infrastructure scenario has nearly
10,000 fewer parking spaces than the baseline scenario, saving an estimated $90 million
in parking costs.
The green infrastructure network approach also generated the greatest impacts in
terms of resource consumption and waste production from the built environment. The
buildings modeled for this scenario used 14% less energy and produced 14% less carbon
emissions, cut landscaping water use in half, and reduced internal water use, waste water
and solid waste generation by over 10%.
Most stark is the scenario’s resilience to flooding, reducing estimated flood losses
during a 140-year storm event to less than 1% of study area buildings, shown in Figure
79. This represents a 96% reduction in buildings damaged. Of the buildings that are
damaged, the average damage extent to building and contents in less than half of the
average building damage extent seen in the baseline scenario. Building, content, and
inventory losses in this scenario are all more than 90% less than the baseline scenario. In
sum, the scenario avoids an estimated $300 million in building losses, over $200 million
in content losses, and over $25 million in inventory losses.
Despite the large reduction in flood losses, the northern bank of Williamson
Creek in the northwest quadrant of the study area continued to be a problem area, even in
the green infrastructure network scenario. In hypothetical planning stages, this area could
become a focus of more detailed flood modeling.
240

Figure 79: Onion Creek Green Infrastructure Network Scenario 140-year Flood Losses
Map
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Chapter 7: Gilleland Creek Exploratory Scenarios Results
GILLELAND CREEK ‘AS PLANNED’ BASELINE SCENARIO, PRESENT - PUD BUILD OUT
Figure 80: Gilleland Creek ‘As Planned’ Baseline Scenario Map

While the Onion Creek study area was examined using historical counterfactual
scenarios to better understand how past planning mistakes might have been avoided, the
analysis now turns to a current greenfield site in the Gilleland Creek watershed which is
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largely undeveloped but platted for the construction of two large PUDs, Whisper Valley
and Wildhorse Ranch. The baseline development scenario for this study area is based on
the master plans of these two PUDs, which are good indicators of the development that
will eventually be built.
Noteworthy is that both PUDs have thoughtful master plans that seek to
incorporate elements of sustainable development. The Whisper Valley PUD, in
particular, is being marketed as an environmentally sensitive community. Its master plan
incorporates a good amount of parkland and natural areas, utilizes a mixture of relatively
compact housing typologies, walkable shopping areas, and many community amenities.
However, both PUDs are downstream developments located on a relatively large creek
that is slated to have increasing amounts of upstream development in the future.
Considering the situation where ‘one-off’ storms are becoming the historical norm, in
combination with increasing impervious cover in the watershed, these developments
presented a strong rationale to use exploratory flood scenarios to test the planned
developments’ resilience to all plausible future flooding conditions.
Figure 81 illustrates the cozy relationship between the planned development in
this area and the overlaid creek regulations. While none of the future development is
planned to be located within the 100-year floodplain, the master plans indicate that
development is essentially platted adjacent to these boundaries. In addition, many of the
CWQZ buffer areas are not planned for conservation purposes, but rather intersect with
areas of development in the master plans.
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Figure 81: Gilleland Creek ‘As Planned’ Baseline Scenario Map with Regulatory Areas

Isolating only the green infrastructure elements, shown in Figure 82, helps to
identify further areas of improvement for open space planning in the study area. Current
natural areas on the site include large open space areas surrounding Walter E. Long Lake
in the western corner of the study area, and East Metro Park on the eastern border of the
study area. Additionally, the open space and parks identified by the master plans are
244

included in the baseline scenario. However, this planned green space does not include all
of the CWQZ buffer areas, nor does it include all of the 100-year floodplain areas.
While this study area can claim an even larger inventory of open space than the
baseline Onion Creek scenario, it is also similar in its current fragmented state. There
exists significant opportunities to create linkages between current parkland in the study
area and future areas of green space as identified by the master plans, in order to support
a more robust green infrastructure network that extends beyond the study area
boundaries.
The impacts of the Gilleland baseline ‘As Planned’ scenario are listed in Table 30.
Like the Onion Creek scenarios, this information is most useful when comparing impacts
between scenarios. The information reflects a large amount of planned open space, and a
mix of housing choices very much in line with other Smart Growth or New Urbanist
projects. The ET baseline model estimates a total of 17,000 housing units in the study
area. These housing choices are estimated to be 2/3 owner occupied and 1/3 rental units.
The average cost of a home modeled in ET is estimated to be $208k, which is consistent
with the development’s website advertising homes starting in the “low $200s” (Taurus
Investment Holdings, LLC 2017). The study area is also expected to include a good
amount of commercial and office space, with a jobs-housing ratio of 0.68 jobs for every
one housing unit, or about 11,000 jobs total.
Two flood events were modeled for each development scenario in this study area,
in order to test impacts of both a likely flood event (100-year historical flood) and a
worst-case flood event. For the purposes of this study, the 500-year historical flood was
used as a proxy for a ‘worst-case’ scenario, following the guidance of several local
stakeholder interviewees who expressed that the 500-year floodplain is often referenced
for guidance when thinking about future, potentially more powerful, storm events.
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Figure 82: Gilleland Creek ‘As Planned’ Baseline Scenario Open Space Map

246

Table 30: Gilleland Creek ‘As Planned’ Baseline Scenario Feedback Outputs
Hazus 100 Year Flood Losses
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Hazus 500 Year Flood Losses
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Green Infrastructure
Parkland & Open Space Acres
Parkland & Open Space Acres per 1,000 residents
Urbanization
Urbanized Acres
New Impervious Acres
Gross Impervious Cover % (including parkland)
Urban Impervious Cover %
Population
People
Average Household Size
Housing Mix
Multifamily Units
Townhome Units
Small Lot Single Family Units
Conventional Lot Single Family Units
Large Lot Single Family Units
Mobile Home Units
Total Housing Units
Tenure
Owner-Occupied Units
Rental-Occupied Units
Affordability
Average Rent
Average Rental Unit Size (SqFt)
Average Rent per SqFt
Average Home Price
Average Owner Size (SqFt)
Average Price per SqFt
Employment
Retail Jobs
Office Jobs

share
7,996
21
17.7%
21.4%
2.09 million
2.59 million
4.68 million

$
$
$
$

7,996
32
18.0%
22.1%
3.21 million
3.99 million
7.19 million

$
$
$
$

0.3%

0.4%

4,269
111
3,182
1,361
18%
43%
38,180
2.41
5,679
4,316
2,269
4,717
50
17,032
11,352
5,679
$

$

share
67%
33%

1,500
1,125
1.33
208,377
1,788
116.55
5,067
4,188
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share
33%
25%
13%
28%
0%
0%

share
44%
36%

Industrial Jobs
Public / Civic Jobs
Educational Jobs
Total Jobs
Jobs/Housing Balance
Jobs-to-Housing Ratio
Density
People per Acre
Housing Units per Acre
Jobs per Acre
Average Floor-Area Ratio (FAR)
Income
Annual Household Income Needed to Afford Housing
Financial
Land Value
Improvement Value
Total Value
Land Value per SqFt
Improvement Value per SqFt
Total Value per SqFt
Parking Spaces
Parking Spaces
Parking Spaces per 1,000 SqFt
Parking Lot Coverage
Parking Cost
Parking Cost as % of Building Value
New Infrastructure
Total New Road Lane Miles
New Road Cost
Fiscal
Property Tax Revenue ($/year)
Sales Tax Revenue ($/year)
Property Tax Revenue ($/year) per acre
Sales Tax Revenue ($/year) per acre
Sustainability
Energy Use (Million BTU/Yr)
Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Internal Water Consumption (G/Day)
Waste Water (G/Day)
Solid Waste (lbs/Day)
New Project Vehicle Miles Traveled (VMT)
MXD Total Daily VMT
Per Housing Unit Residential VMT

541
1,803
11,599
0.681
Gross density
5.1
6.3
1.6
0.33
$

58,440

$
$
$
$
$
$

466 million
4.36 billion
4.82 billion
3.92
122
34.79

$

$
$
$
$
$

0%
5%
16%

Net density
16.2
7.2
31.2

53,552
1.50
9%
400 million
8%
131
295 million
21.3 million
16.3 million
7,810
5,963
per HH
152.6
14.2
91.4
202.2
133.5
5.7

per Emp
59.2
5.5
68.0
34.3
3.4

966,056
22

The Hazus flood analysis reveals that, although not completely resilient to
flooding by any means, the plans for the Gilleland study area present a lower magnitude
of flood vulnerabilities than those that have in the Onion Creek study area. This is
consistent with the view of the city watershed planner, who voiced confidence in the
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city’s floodplain regulations. That being said, there are still opportunities for improving
the green infrastructure planning in the study area.
For a 100-year flood event applied to all stream reaches in the Gilleland study
area, Hazus estimates that 21 buildings will be damaged, which is less than 1% of the
total buildings in the study area. On average, the extent of the damage to these buildings
and their contents was roughly 20%. Hazus estimates that these damages would amount
to total economic losses of $4.6 million, with content losses exceeding building losses by
half a million dollars. This is likely due to flooding impacts on office buildings in the
southern portion of the study area.
A 500-year flood event is estimated to bring increased losses relative to the 100year scenario, but considering that it is a worst-case scenario, the results provide
confidence that the development will not face a similar fate to that of Onion Creek. In
this flood scenario, the Hazus model predicted 32 buildings would be damaged, which is
still less than 1% of the total buildings in the study area. The average extent of the
damage to these buildings is predicted to be only slightly more than in the 100-year
scenario. Economic losses associated with the damages include $3.2 million in building
losses and $4 million in content losses, for total losses of over $7 million.
Figures 83 and 84 show the location of damaged buildings for the 100- and 500year scenarios, respectively. Of the two PUDs, Whisper Valley is the most affected. All
but two of the damaged homes in the 100-year scenario were located there (and all but
three of the damaged homes in the 500-year scenario). Also included in the losses are two
Whisper Valley office buildings. The analysis effectively pinpoints the trouble spots in
the development as it is currently designed, and the development as a whole can likely be
made more resilient to future flooding by rethinking the locations of these buildings, or
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rethinking how they are constructed. The following analysis will test both of these
options, as well as an optimal green infrastructure network scenario.
Figure 83: Gilleland Creek ‘As Planned’ Baseline Scenario 100-year Flood Losses Map
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Figure 84: Gilleland Creek ‘As Planned’ Baseline Scenario 500-year Flood Losses Map
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GILLELAND CREEK STRUCTURAL MITIGATION SCENARIO, PRESENT - PUD BUILD OUT
Figure 85: Gilleland Creek Structural Mitigation Scenario Map

The next development scenario tested for the Gilleland Creek study area was a
structural mitigation alternative, in which residential buildings located in the 500-year
floodplain are elevated to a second level height using the same ET building prototypes
that were applied to the Onion Creek structural mitigation scenario. In both this scenario
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and the following riparian conservation scenario, the 500-year floodplain was used as the
primary reference for future flooding, since the objective of these scenarios is to take a
precautionary approach considering future impervious cover in the watershed combined
with the potential impacts of climate change. This is a difference in approach compared
to the Onion Creek scenarios, since such a large portion of the development in that area
was located in the 100-year floodplain. In the case of Gilleland Creek, the difference
between the 100- and 500-year flood zones contains less area, also making it easier to
rationalize a precautionary approach.
Shown in Figure 85, the elevated building types are highlighted in bright yellow
within the dashed circles. Noteworthy is that these locations are consistent with the flood
losses that were estimated to occur from the baseline scenario, and are the areas where
development intersected with the regulatory areas shown in Figure 81 of the baseline
scenario. The open space network of the structural mitigation is identical to that of the
baseline scenario as well, and is pictured in Figure 82.
Much like in the case of Onion Creek, the impacts of the structural mitigation
scenario are mostly felt in the area of flood loss reduction. Table 31 lists the full suite of
selected feedback indicators, highlighting the areas of change occurring from this
alternative scenario compared to the baseline scenario. In fact, there are few substantive
impacts beyond flood mitigation stemming from this development approach. Reflecting
the use of elevated structures, the study areas saw an increase in small lot single family
units, since the elevated housing types are more compact than the conventional lot single
family parcels that were modeled in the baseline scenario. Additionally, the cost of
parking increased in this scenario, reflecting the added construction costs of elevating
homes, which doubles as tuck under parking.
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Table 31: Gilleland Creek Structural Mitigation Scenario Feedback Outputs
Hazus 100 Year Flood Losses
Total Buildings
Buildings Exposed
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Hazus 500 Year Flood Losses
Total Buildings
Buildings Exposed
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Green Infrastructure
Parkland & Open Space Acres
Parkland & Open Space Acres per 1,000 residents
Urbanization
Urbanized Acres
New Impervious Acres
Gross Impervious Cover % (including parkland)
Urban Impervious Cover %
Population
People
Average Household Size
Housing Mix
Multifamily Units
Townhome Units
Small Lot Single Family Units
Conventional Lot Single Family Units
Large Lot Single Family Units
Mobile Home Units
Total Housing Units
Tenure
Owner-Occupied Units
Rental-Occupied Units
Affordability
Average Rent
Average Rental Unit Size (SqFt)
Average Rent per SqFt
Average Home Price
Average Owner Size (SqFt)
Average Price per SqFt
Employment

Share

$
$
$
$

7,990
22
7
18.1%
22.7%
1.57 million
2.29 million
3.85 million

0.3%
0.1%

Share
7,996
36
12
17.8%
21.7%
$ 2.43 million
$ 3.51 million
$
$ 5.94 million

0.5%
0.2%

4,269
111
3,182
1,365
18%
43%
38,448
2.40
5,675
4,343
2,499
4,601
50
17,169
11,494
5,675

share
33%
25%
15%
27%
0%
0%
share
67%
33%

1,501
1,125
1.33
209,655
1,778
117.18
share
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% change
+5%
-67%
+2%
+6%
-25%
-12%
-18%
% change
+13%
-63%
-1%
-2%
-24%
-12%
-17%
% change
-1%
% change
% change
+1%
% change
+1%
+10%
-2%
+1%
% change
+1%
% change
+1%
-1%
1%
% change

Retail Jobs
Office Jobs
Industrial Jobs
Public / Civic Jobs
Educational Jobs
Total Jobs
Jobs/Housing Balance
Jobs-to-Housing Ratio
Density
People per Acre
Housing Units per Acre
Jobs per Acre
Average Floor-Area Ratio (FAR)
Income
Annual HH Income Needed to Afford Avg. Housing
Financial
Land Value
Improvement Value
Total Value
Land Value per SqFt
Improvement Value per SqFt
Total Value per SqFt
Parking Spaces
Parking Spaces
Parking Spaces per 1,000 SqFt
Parking Lot Coverage
Parking Cost
Parking Cost as % of Building Value
New Infrastructure
Total New Road Lane Miles
New Road Cost
Fiscal
Property Tax Revenue ($/year)
Sales Tax Revenue ($/year)
Property Tax Revenue ($/year) per acre
Sales Tax Revenue ($/year) per acre
Sustainability
Energy Use (Million BTU/Yr)
Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Internal Water Consumption (G/Day)
Waste Water (G/Day)
Solid Waste (lbs/Day)
New Project Vehicle Miles Traveled (VMT)
MXD Total Daily VMT
Per Housing Unit Residential VMT

5,067
4,188
541
1,803
11,599
0.676
Gross density
5.2
6.4
1.6
0.34
$

58,690

$
$
$
$
$
$

471 million
4.39 billion
4.86 billion
3.95
122
35.07

$

$
$
$
$
$

Net density
16.3
7.3
31.2

53,870
1.50
9%
420 million
9%
131.08
295 million
21.5 million
16.3 million
7,870
5,953
per HH
152.7
14.2
90.8
202.3
133.6
5.7
969,531
22
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44%
36%
0%
5%
16%

per Emp
59.2
5.5
68.0
34.3
3.4

-1%
% change net density
+1%
+1%
+1%
% change
% change
+1%
+1%
+1%
+1%
+1%
% change
+1%
-1%
+5%
+4%
% change
% change
+1%
+1%
% change per HH
-1%
% change
-

The use of elevated structures in the floodplain was effective at reducing losses
occurring from flood damages. Even though more buildings are exposed to flooding in
this scenario than in the baseline scenario (due to the elevated development types being
slightly more compact), damage was limited to seven buildings in the 100-year flood
scenario, and 12 buildings in the 500-year flood scenario. Interestingly enough, while
roughly 65% less buildings were damaged in each flood event, total losses were only
decreased by approximately 18%. This again reflects the content losses from the damage
incurred by the Whisper Valley office buildings, since commercial structures were not
elevated for this analysis.
Figures 86 and 87 display the location of exposure and damage to buildings from
the 100- and 500-year floods, respectively. In these maps, the smaller points are the
elevated buildings exposed but not damaged by the flooding. The larger points are the
buildings that suffered damages from flooding. The structural approach mitigated most
damage to building in Whisper Valley, but there were still some remaining problem areas
where homes and offices were at risk, especially in a ‘worst-case’ storm event. Because
there are relatively few buildings at risk, heightened conservation approaches might be
suitable for ensuring the resilience of these communities, even in worst-case scenarios.
The following sections investigate two possible green infrastructure approaches to
resilience for the Gilleland Creek area.
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Figure 86: Gilleland Creek Structural Mitigation Scenario 100-year Flood Losses Map
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Figure 87: Gilleland Creek Structural Mitigation Scenario 500-year Flood Losses Map
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GILLELAND CREEK RIPARIAN CONSERVATION SCENARIO, PRESENT - PUD BUILD OUT
Figure 88: Gilleland Creek Riparian Conservation Scenario Map

In the Riparian Conservation scenario, all areas within the 500 year floodplain
and CWQZ buffer areas are conserved as natural riparian corridors, and the housing units
and jobs lost from conservation are absorbed by the Whisper Valley PUD through slight
intensification of its land use master plan. While conceptually the PUD does not
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substantively change, the more focused neighborhood retail and commercial areas
become reinforced with more compact forms of housing, 2:1 FAR Retail, and 3:1 Office
building typologies.
Overlaid with the regulatory zones, this plan has completely removed
development from these areas, and located them elsewhere in the PUD. The full
conservation of the Gilleland Creek floodplain, originally called for in the Whisper
Valley master plan, is extended throughout the study area. Tributary creeks now penetrate
the Whisper Valley PUD in particular, creating smaller green corridors throughout the
development (perhaps an opportunity to provide an additional community amenity
through an expansive off-street trail network).
Figure 90 provides a look at just the green infrastructure land features in the study
area. Compared to the baseline scenario, the conservation of riparian areas alone creates a
much more robust network of green corridors and hubs. However, the Gilleland Creek
basin remains isolated from other large natural areas that are nearby and ‘low-hanging
fruit’ for potentially creating a much more connected large scale green infrastructure
network. East Metro Park is in another watershed, but its headwaters are relatively close
to those of Gilleland Creek, an opportunity missed in this scenario. Creating a corridor to
Walter E. Long Lake is somewhat problematic due to State Highway 130, the catalyst for
the urbanization of Gilleland Creek, creating a significant barrier and even dissecting the
CWQZ buffers.
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Figure 89: Gilleland Creek Riparian Conservation Scenario Map with Regulatory Areas
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Figure 90: Gilleland Creek Riparian Conservation Scenario Open Space Map

The riparian conservation scenario produced more stark sustainability outcomes
than the structural mitigation scenario. Parkland and open space was expanded by 39%,
while urbanized area and impervious coverage was reduced by 7 and 6% respectively. In
terms of housing, the scenario presents a large increase in small lot single family
detached housing, which is increased by 60% over the baseline scenario. This
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corresponded with a conscious reduction in conventional lot single family housing and
coincidental reduction in townhome units. The average home price decreased by 4%,
affordable to a household with an income of $56,000. The average home size was also
slightly smaller than in the baseline scenario. In terms of employment, retail jobs
increased by 5% due to the modest intensification of the Whisper Valley main street
shopping area.
The retreat of development from the floodplain and riparian areas and
intensification of neighborhood nodes resulted in an 8% increase in net population,
housing, and job densities. It also resulted in a 7% increase in average FAR. The
intensification of uses is reflected in a 6% increase in land value per square foot and an
8% in total value per square foot.
The conservation scenario produced a 10% reduction in road lane miles and new
road cost, saving an estimated $30 million in new road costs. In terms of parking, there is
no substantial change in supply when compared to the baseline scenario. However,
parking lot coverage in areas of urbanization increased by 7%, a negative outcome of
more intensive development.
In terms of fiscal health, the riparian conservation scenario produced 8% more
local property tax revenue on a per acre basis, as well as 12% more local sales tax
revenue per acre. In terms of resource sustainability, the only real impact compared to the
baseline scenario was a 10% reduction in landscaping water use per household.
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Table 32: Gilleland Creek Riparian Conservation Scenario Feedback Outputs
Hazus 100 Year Flood Losses
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Hazus 500 Year Flood Losses
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Green Infrastructure
Parkland & Open Space Acres
Parkland & Open Space Acres per 1,000 residents
Urbanization
Urbanized Acres
New Impervious Acres
Gross Impervious Cover % (including parkland)
Urban Impervious Cover %
Population
People
Average Household Size
Housing Mix
Multifamily Units
Townhome Units
Small Lot Single Family Units
Conventional Lot Single Family Units
Large Lot Single Family Units
Mobile Home Units
Total Housing Units
Tenure
Owner-Occupied Units
Rental-Occupied Units
Affordability
Average Rent
Average Rental Unit Size (SqFt)
Average Rent per SqFt
Average Home Price
Average Owner Size (SqFt)
Average Price per SqFt
Employment
Retail Jobs
Office Jobs

share

$
$
$
$

8,430
3
15.3%
18.3%
74,000
44,000
118,000

$
$
$
$

8,430
3
24.7%
28.0%
120,000
68,000
188,000

-

share
-

5917
155
2,950
1,279
14%
43%
38,158
2.40
5,504
4,106
3,602
3,848
47
17,108
11,603
5,504
$
$
$
$

Share
68%
32%

1,500
1,121
1.34
199,839
1,722
116
5,296
4,098
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Share
32%
24%
21%
22%
-

Share
46%
35%

% change
+5%
-86%
-14%
-14%
-96%
-98%
-97%
% change
+5%
-91%
+37%
+27%
-96%
-98%
-97%
% change
+39%
+39%
% change
-7%
-6%
-21%
+1%
% change
% change
-3%
-5%
+59%
-18%
-7%
% change
+2%
-3%
% change
+1%
-4%
-4%
% change
+5%
-2%

Industrial Jobs
Public / Civic Jobs
Educational Jobs
Total Jobs
Jobs/Housing Balance
Jobs-to-Housing Ratio
Density
People per Acre
Housing Units per Acre
Jobs per Acre
Average Floor-Area Ratio (FAR)
Income
Annual HH Income Needed to Afford Avg. Housing
Financial
Land Value
Improvement Value
Total Value
Land Value per SqFt
Improvement Value per SqFt
Total Value per SqFt
Parking Spaces
Parking Spaces
Parking Spaces per 1,000 SqFt
Parking Lot Coverage
Parking Cost
Parking Cost as % of Building Value
New Infrastructure
Total New Road Lane Miles
New Road Cost
Fiscal
Property Tax Revenue ($/year)
Sales Tax Revenue ($/year)
Property Tax Revenue ($/year) per acre
Sales Tax Revenue ($/year) per acre
Sustainability
Energy Use (Million BTU/Yr)
Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Internal Water Consumption (G/Day)
Waste Water (G/Day)
Solid Waste (lbs/Day)
New Project Vehicle Miles Traveled (VMT)
MXD Total Daily VMT
Per Housing Unit Residential VMT

516
1,719
11,629
0.680
Gross density
4.3
6.9
1.3
0.36
$

56,810

$
$
$
$
$
$

461 million
4.35 billion
4.81 billion
4.17
123
37.46

$

$
$
$
$
$

4%
15%

Net density
17.4
7.8
33.8

53,653
1.51
10%
396 million
8%
117
265 million
21.4 million
16.9 million
8,410
6,650
per HH
152.5
14.2
82.3
202.7
134.2
5.7
989,846
22

per Emp
60.9
5.7
68.3
34.6
3.5

-5%
-5%
% change net density
+8%
+8%
+8%
+7%
% change
-3%
% change
-1%
+6%
+1%
+8%
% change
+1%
+7%
-1%
-1%
% change
-10%
-10%
% change
+4%
+8%
+12%
% change per HH
-10%
+1%
+1%
% change
+2%
+1%

The riparian conservation approach to flood resilience was effective, resulting in
only three buildings incurring a relatively small amount of losses for both the 100- and
500-year flood events. These losses, located in the Whisper Valley PUD, are shown in
Figure 91.
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Figure 91: Gilleland Creek Riparian Conservation Scenario Estimated 100-year Flood
Losses Map
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GILLELAND CREEK GREEN INFRASTRUCTURE NETWORK SCENARIO, PRESENT - PUD
BUILD OUT
Figure 92: Gilleland Creek Green Infrastructure Network Scenario Map

While the riparian conservation scenario provided the most resilient alternative
thus far, this approach was taken a step further to create a green infrastructure network
scenario that sought to further improve community resilience through improved open
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space connections and further refined development patterns. This plan, pictured in Figure
92, truly embraces green infrastructure as a guiding principle, with green creek corridors
branching into neighborhood parkways to provide natural elements at scales ranging from
neighborhood to landscape, and a new ‘central’ park in Whisper Valley. Complementing
this green infrastructure approach is a more focused development plan that creates a new
main street mixed use node at the northern end of the PUD.
Looking at just the green infrastructure elements pictured in Figure 93, it is
certainly an ambitious plan but perfectly achievable within PUD districts, since they have
master planning flexibility. In addition to the elements already discussed, the plan
focused on providing greenway connections between Walter E. Long Lake, the Gilleland
Creek corridor, and East Metro Park. The section of SH-130 that intersects the study area
has become a green corridor itself, and serves as the network connection between the lake
and the Gilleland Creek basin. While smaller corridors are based on the creek buffer
areas, new connections are made between the headwaters of many of these creeks.
The drawing of green corridors in this case received much guidance from the
priority areas identified by the Travis County Greenprint. Rather than floodplain areas,
Figure 93 shows the Greenprint priority conservation areas along with the CWQZ
buffers, as these elements provided the most direction when identifying opportunities for
green infrastructure connections.

268

Figure 93: Gilleland Creek Green Infrastructure Network Scenario Open Space Map with
Travis County Greenprint Priority Conservation Areas

The estimated impacts of the green infrastructure network scenario are shown in
Table 33. Parkland and open space per capita are doubled in this scenario compared to
the already high numbers from the baseline scenario, providing study area residents with
226 acres of open space per 1,000 residents – nearly a quarter acre per capita. Paired with
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this increase is a 28% reduction in urbanized acres and a 22% reduction in total
impervious area. Because the urbanization is more intensive where it is occurring, the
impervious cover of these areas is actually 8% higher than in the baseline scenario.
However, in terms of gross site impervious cover, this scenario is a 45% reduction from
the baseline coverage amount.
This scenario includes nearly 50% more townhome units and 80% more small lot
single family homes than the baseline scenario, while conventional single family lots saw
a 79% decrease and large lot single family homes were decreased by 36%. Interesting to
note and certainly something to consider during the planning stages is that although this
scenario has 2% more housing units than the baseline scenario, the housing types offered
are estimated to support slightly smaller household sizes on average than in the baseline
scenario. In terms of housing costs, owner occupied homes in the green infrastructure
network scenario were 10% less expensive on average, affordable to households making
at least $54,500 annually.
Reflecting the more intensive land uses, the green infrastructure scenario resulted
in 36% more people, 45% more housing units, and 17% more jobs per net acre of
development. This is reflected in the built environment through a 0.43 average FAR, a
30% increase from the baseline scenario.
Due to reduced land consumption, total land value held in development was 10%
less than in the baseline scenario, but on a per square foot basis, land values increased by
24%. Improvement values per square feet increased by 7%, and total value per square
feet was 37% higher than the baseline ‘as planned’ scenario. In terms of municipal fiscal
health, this scenario provides 36% more local property tax revenue and 43% more local
sales tax revenue per acre of development.
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Table 33: Gilleland Green Infrastructure Network Scenario Feedback Outputs
Hazus 100 Year Flood Losses
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Hazus 500 Year Flood Losses
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Green Infrastructure
Parkland & Open Space Acres
Parkland & Open Space Acres per 1,000 residents
Urbanization
Urbanized Acres
New Impervious Acres
Gross Impervious Cover % (including parkland)
Urban Impervious Cover %
Population
People
Average Household Size
Housing Mix
Multifamily Units
Townhome Units
Small Lot Single Family Units
Conventional Lot Single Family Units
Large Lot Single Family Units
Mobile Home Units
Total Housing Units
Tenure
Owner-Occupied Units
Rental-Occupied Units
Affordability
Average Rent
Average Rental Unit Size (SqFt)
Average Rent per SqFt
Average Home Price
Average Owner Size (SqFt)
Average Price per SqFt
Employment
Retail Jobs
Office Jobs

share

$
$
$
$

6,189
-

$
$
$
$

6,189
-

-

share
-

8,228
226
2,284
1,056
10%
46%
36,391
2.25
5,867
6,355
4,093
980
32
17,326
11,460
5,867
$
$
$
$

share
66%
34%

1,500
1,130
1.33
187,291
1,499
124
5,354
4,058
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share
34%
37%
24%
6%
-

share
46%
35%

% change
-23%
-100%
-100%
-100%
-100%
-100%
-100%
% change
-23%
-100%
-100%
-100%
-100%
-100%
-100%
% change
+93%
+102%
% change
-28%
-22%
-45%
+8%
% change
-5%
-7%
% change
+3%
+47%
+80%
-79%
-36%
+2%
% change
+1%
+3%
% change
-10%
-16%
+7%
% change
+6%
-3%

Industrial Jobs
Public / Civic Jobs
Educational Jobs
Total Jobs
Jobs/Housing Balance
Jobs-to-Housing Ratio
Density
People per Acre
Housing Units per Acre
Jobs per Acre
Average Floor-Area Ratio (FAR)
Income
Annual HH Income Needed to Afford Avg. Housing
Financial
Land Value
Improvement Value
Total Value
Land Value per SqFt
Improvement Value per SqFt
Total Value per SqFt
Parking Spaces
Parking Spaces
Parking Spaces per 1,000 SqFt
Parking Lot Coverage
Parking Cost
Parking Cost as % of Building Value
New Infrastructure
Total New Road Lane Miles
New Road Cost
Fiscal
Property Tax Revenue ($/year)
Sales Tax Revenue ($/year)
Property Tax Revenue ($/year) per acre
Sales Tax Revenue ($/year) per acre
Sustainability
Energy Use (Million BTU/Yr)
Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Internal Water Consumption (G/Day)
Waste Water (G/Day)
Solid Waste (lbs/Day)
New Project Vehicle Miles Traveled (VMT)
MXD Total Daily VMT
Per Housing Unit Residential VMT

533
1,778
11,724
0.67
gross density
3.5
9.2
1.1
0.43
$
$
$
$
$
$
$

$

$
$
$
$
$

5%
15%

net density
22.0
10.5
36.5

54,594
total
418 million
4.34 billion
4.76 billion
4.86
131
47.82
51,650
1.56
12%
399 million
8%
95
214 million
21.0 million
16.9 million
10,627
8,543
per HH
137.7
12.8
62.8
181.2
117.3
4.9
975,114
21
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per emp
60.4
5.6
67.7
34.3
3.5

-1%
-1%
+1%
% change
-1%
% change net density
+36%
+45%
+17%
+30%
% change
-7%
% change
-10%
-1%
+24%
+7%
+37%
% change
-4%
+4%
+26%
+1%
% change
-27%
-27%
% change
-2%
+4%
+36%
+43%
% change per HH
-10%
-10%
-31%
-10%
-12%
-13%
% change
+1%
-4%

Figure 94: Gilleland Creek Green Infrastructure Network Scenario 500-year Flood Map

Finally, the green infrastructure network scenario mitigated all potential flood
problems, even when tested against a ‘worst-case’ 500-year flood event. The relationship
between the modeled 500 year floodplain and the development plan is shown in Figure
94.
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Now that results have been presented for each study area, the following chapter
will summarize the findings in the context of the literature and stakeholder feedback,
discuss limitations of the analysis in its current form, and offer directions for future
research.
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Chapter 8: Discussion & Conclusions
SUMMARY OF FINDINGS
In summary, the findings of the analyses provide new analytical information to
help planners and stakeholders assess community and green infrastructure plans in terms
of how they perform across plausible disaster conditions. In the case of Onion Creek, the
study area provided a chance to learn by reflecting on the past. In the case of Gilleland
Creek, the study area provided a chance to explore plausible future flood conditions to
pinpoint any vulnerabilities presented by development plans before they are built. Based
on the information produced by the analysis, new relationships between various realms of
community resilience can be discovered within specific planning projects. In this way,
both study area approaches have shown to be effective learning exercises in terms of
thinking about the benefits of green infrastructure in support of these goals. Additionally,
the addition of disaster loss feedback also supports the drawing of connections between
resilience and seemingly disparate systems that have traditionally fallen under the
umbrella of sustainability.
As has been argued by academics for years, the findings support the use of an
integrated planning approach for hazard mitigation, in which resilience doesn’t just mean
avoiding flood losses, but also providing parkland and natural amenities for community
members and wildlife, avoiding unnecessary construction and maintenance costs related
to gray infrastructure such as roads and parking areas, providing a healthy balance of new
housing and new jobs to support fiscal health, supporting the creation of economic value
while curbing the amount of land converted to urban uses, and providing affordable
housing, among other important issues. The findings show that land use planning and
design of the built environment holds large implications for the interactions between
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environmental, economic and social systems – all of which are interconnected and impact
a community’s ability to respond to disturbances such as flooding.
Perhaps more than any major takeaway, the finding show that green infrastructure
and community resilience are mutually supportive. While the structural mitigation
scenarios in both study areas were undertaken for the sole purpose of flood mitigation, it
was the green infrastructure scenarios that performed best in terms of not only flood loss
avoidance, but especially in terms of other community sustainability outcomes such as
resource consumption, waste production, land consumption, economic value, and even
travel behavior. In both study areas, the pursuit of good green infrastructure essentially
ensured more resilient and sustainable development in the overall sense.
The findings also support the use of scenarios when planning the built
environment and green infrastructure networks. The relationship between community
open spaces and flood losses is not a simple correlation; while this is certainly a guiding
concept, the realized benefits of this relationship are dependent upon each study area’s
specific geophysical and social planning context, which includes the spatial relationships
that exist between various natural and built systems. For example, in this analysis
different designs of the built environment created corresponding new opportunities for
beneficial green infrastructure planning, and vice versa. If done well, Smart Growth and
other interpretations of sustainable development have the best opportunities for creating
safe growth through an expanded understanding of green infrastructure alternatives
presented by the planning context.
Based on the stakeholder interviews and what has been discussed in the literature,
the findings of the scenario analysis hold significant promise for participatory and policy
applications, and alleviating the current disconnect between disaster resilience and green
infrastructure interests within community planning. These potential connections are
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discussed next, before discussing the limitations of this study and future research
opportunities moving forward.
Participatory and Policy Applications of Findings
There are several promising advantages to the integrated methods tested that
promise to lead to better green infrastructure and resilience outcomes during
comprehensive, functional, or master planning processes and policy making. Reflecting
on local stakeholder input and the literature, some of the primary participatory uses and
policy applications of the results will now be discussed.
The analysis supports a more cohesive conception of GI and its benefits amongst
stakeholders, policymakers or the public. One of the findings from the stakeholder
interviews was a varied understanding of GI that was related to each interviewee’s
disciplinary or professional role. Somewhat unique to Austin is that the leading
interpretation of GI was highly related to stormwater management, reflecting the
importance of flooding and water quality as planning issues in Austin and the strong
presence of watershed planning in the city. While there was acknowledgement of other
forms of GI amongst stakeholders, such as the urban forest and larger landscape features,
a dominant perception was highly tied to smaller scale, GSI features. The findings of this
analysis provides important information that can both broaden the understanding of
potential GI land use interventions and their impacts. This is bolstered by the utilized
approach of testing varying levels of GI commitment, from structural mitigation
measures, to baseline floodplain management, to GI network conservation approaches in
which natural features effectively lay the foundation for future development patterns.
Based on the broad benefits of GI, one of the most notable findings of the analysis
is that with increasing commitment to GI planning, characterized by increasing
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conservation of natural node and corridor networks, benefits to community resilience and
sustainability increased accordingly. For example, compared to the As Built scenario in
the Onion Creek study area, the Structural Mitigation counterfactual scenario decreased
the number of damaged buildings by 31% and total economic losses by 42%, which
many policy makers would perhaps consider to be a very good outcome. However, going
a step further, the Riparian Conservation scenario resulted in a 78% decrease in buildings
damaged and an 85% reduction in economic losses when compared to the baseline
observed development scenario. Finally, taking GI planning a step further, the Network
scenario resulted in an estimated 96% reduction in buildings damaged, and 92%
reduction in total economic losses when compared to the baseline As Built scenario. A
summary of disaster loss reduction outcomes from the Onion Creek analysis are
displayed in Table 34. While not as stark as the intrinsic case of Onion Creek, the
Gilleland Creek analysis found similar outcomes from increasing GI commitment, with
avoided disaster losses shown in Table 35.
Table 34: Onion Creek Flood Loss Reduction Summary
Indicator

As Built

Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses

14,309
2,140
60%
63%
$344M
$241M
$27M
$613M

Structural
Mitigation
+4%
-31%
-33%
-47%
-38%
-51%
-35%
-42%
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Riparian
Conservation
-11%
-78%
-31%
-27%
-85%
-86%
-68%
-85%

GI Network
-22%
-96%
-57%
-51%
-92%
-93%
-94%
-92%

Table 35: Gilleland Creek Flood Loss Reduction Summary
Indicator
100-year Flood
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Losses
500-year Flood
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Losses

As Planned

Structural
Mitigation

Riparian
Conservation

GI Network

7,996
21
17.7%
21.4%
$2.1M
$2.6M
$4.7M

-67%
+2%
+6%
-25%
-12%
-18%

+5%
-86%
-14%
-14%
-96%
-98%
-97%

-23%
-100%
-100%
-100%
-100%
-100%
-100%

7,996
32
18.0%
22.1%
$3.2M
$4.0M
$7.2M

-63%
-1%
-2%
-24%
-12%
-17%

+5%
-91%
+37%
+27%
-96%
-98%
-97%

-23%
-100%
-100%
-100%
-100%
-100%
-100%

This information, made possible by the integration of Hazus loss estimation with
ET urbanization modeling, helps to emphasize the potential impact of GI when it is used
as a land use approach, as opposed to being limited to site-level rain gardens and other
GSI features that are often used to offset marginal increases in impervious surface
coverage resulting from new development. By communicating the benefits of GI network
consistent with Benedict and McMahon's (2012) holistic land use interpretation discussed
in Chapter 2, it can help stakeholders and the public develop a shared appreciation for
GI’s potential when planned and conserved in conjunction with urban development.
Supported by the findings of the analysis, it is made clear that the benefits of GI
planning approaches are not limited to disaster loss reduction, but extend to sustainability
outcomes that intersect with community interests related to environmental health,
economic prosperity and social equity. Table 36 provides a summary of select
sustainability indicators from the Onion Creek scenarios. In the table, green cells
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represent increases in positive sustainability outcomes (i.e. increased parkland per
capita), and blue cells represent decreases in negative sustainability outcomes (i.e.,
reduced residential water use); thus, both are ‘good’ outcomes. Outcomes that reflect
reductions in sustainability are indicated by orange cells (i.e., increased parking costs).
Table 36: Onion Creek Select Sustainability Indicators Summary
Indicator
Parkland & Open Space Acres per 1,000
residents
New Impervious Acres
Average Owner Size (SqFt)
Annual Household Income Needed to
Afford Housing
Jobs-to-Housing Ratio
Improvement Value per SqFt
Property Tax Revenue ($/year) per acre
Sales Tax Revenue ($/year) per acre
Parking Spaces
Parking Cost
New Road Cost
Building Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Per Housing Unit Residential VMT

As Built

Structural
Mitigation

69

-

+95%

+191%

3,194
2,518

-1%
-5%

-14%
-12%

-29%
-28%

$62,500

+4%

-3%

-11%

0.91
$98
$3,680
$1,050
106,820
$600M
$793M
17
241
24

-1%
+5%
+6%
+3%
+2%
+27%
-2%
-1%
-8%
+0.1%

+1%
+8%
+23%
+108%
-9%
-9%
-18%
-6%
-22%
-3%

+4%
+38%
+34%
+81%
-9%
-15%
-43%
-14%
-52%
-6%
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Riparian
GI Network
Conservation

Table 37: Gilleland Creek Select Sustainability Indicators Summary
Indicator
Parkland & Open Space Acres per 1,000
residents
New Impervious Acres
Average Owner Size (SqFt)
Annual Household Income Needed to Afford
Housing
Jobs-to-Housing Ratio
Improvement Value per SqFt
Property Tax Revenue ($/year) per acre
Sales Tax Revenue ($/year) per acre
Parking Spaces
Parking Cost
New Road Cost
Building Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Per Housing Unit Residential VMT

As Planned

Structural
Mitigation

Riparian
Conservation

GI Network

111

-1%

+39%

+102%

1,361
1,788

-1%

-6%
-4%

-22%
-16%

$58,440

-

-3%

-7%

0.68
$122
$7,810
$5,960
53,550
$400M
$295M
14
91
22

-1%
1%
1%
5%
-1%
-

+1%
+8%
+12%
-1%
-10%
-10%
1%

-1%
+7%
+36%
+43%
-4%
-27%
-10%
-31%
-4%

Much like the reductions in estimated flood losses, the sustainability feedback
also builds a strong argument for heightened GI planning approaches. In conjunction with
the avoided flood losses, the sustainability metrics help to support a better understanding
of the integrated, complementary urban functions provided by GI and the relationships
between GI and the built environment. A selection of the more notable sustainability
outcomes for both study areas are shown in Table 36 & 37.
One example can be made of housing choices in combination with various levels
of GI conservation. A common concern of developers, reflected in the stakeholder
interviews, is that they seek to maximize their return on investment on land in the form of
housing unit sales. A common belief is that GI conservation is at odds with this goal,
since it reduces the amount of land available for housing construction. However, the
analysis shows that in both study areas, much improved GI networks can be
accommodated with modest shifts in the building typologies constructed within a more
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compact and connected urban form. Generally, the analysis shows that in both contexts,
this can be accomplished by building more compact single family detached housing and
single family attached townhomes in place of conventional subdivision development.
Thus, by replacing a portion of 10,000 square foot lots with 4,000 square foot lots, and by
reducing the average housing unit size by 25%, this allows significant increases in
dedicated GI areas without development interests losing equity in terms of housing unit
sales. In both study areas, a positive outcome related to smaller average housing unit
sizes was a reduction in home prices (22% and 10%, respectively).
In a participatory or policy-making context, these integrated findings of
complementary GI functions promise to satisfy interest groups that are typically at odds
with each other. In this way, the analysis supports the development of overlapping
constituencies through its integration of GI and resilience elements. The substantive
impact of these connections, for the purposes of creating policy or supporting forms of
social learning in participatory contexts, is that it aligns multiple interests groups to create
a convincing argument for resilient development. Thus, rather than framing development
conversations around hazard mitigation, which the literature points out has been
ineffective, the findings of this study support conversations around GI and community
resilience, which speaks to social equity and economic prosperity in addition to
ecological health.
For example, the findings support the drawing of connections between
community resilience and social equity. Referring back to the example of housing cost,
the findings point out that a GI planning approach can also support more affordable
housing choices through the use of more compact development patterns. This is furthered
by an estimated reduction in the average household Vehicle Miles Travelled, which
indicates a more transit-supportive and walkable study area, and can play a significant
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role in reducing household transportation costs. Estimated daily vehicle travel distances
decreased by 6% in the Onion Creek GI Network scenario, and 4% in the Gilleland Creek
GI Network scenario, which are substantial reductions in household vehicle use. Thus, in
these cases, the more resilient development scenarios are also more supportive of
affordable, walkable neighborhoods, creating a quality of life argument that promises to
resonate with more community members.
The findings also provide assurance to economic development and fiscal interests,
who the stakeholder interviewees pointed out might be skeptical of the value generated
by GI planning approaches. In terms of economic development, the findings in both study
areas show that heightened GI approaches can be accommodated without a reduction in
employment. Additionally, aspirational GI approaches did not cause a loss in project or
improvements values. In fact, on a per acre basis, the GI Networks scenarios support a
much more efficient creation of project value (reflected in a 38% increase in project value
per acre in Onion Creek, and a 7% increase in Gilleland Creek). This creation of value
extends to the city’s share of tax revenues generated, with annual property tax revenues
per acre increasing by roughly 35% in both study areas’ GI Network scenarios, and
annual per-acre sales tax revenues increasing by 80% and 40% in each study area,
respectively.
Another example can be illustrated from the Structural Mitigation scenarios
examined. While successful in reducing flood losses, there were drawbacks to these
scenarios, including an increased cost of building these housing types that made housing
more unaffordable, or made these projects financially infeasible from a developer’s
perspective. By estimating the total costs of mitigation through the creation of scenarios,
these costs can be weighed against the avoided flood losses that were estimated to occur.
In the example of Onion Creek, the Structural Mitigation scenario avoided over $250
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million in flood losses when compared to the Baseline scenario, which creates a strong
policy rationale for the city to perhaps utilize a tax abatement program to assist
homeowners with the additional cost of structural mitigation.
Economic and fiscal indicators produced by the analysis are especially useful for
assessing the question of costs that surfaced during the stakeholder interviews. In
particular, the parks fundraiser noted that while Austin generally performed well in terms
of park space provision per capita, the city was not relatively well off in terms of funding
its park space, critical for the operation and maintenance of its parks. While the findings
of the analysis do not yet speak to the O&M needs of parkland and open space, it does
generate useful integrated information for supporting policy conversations related to GI
funding. For instance, in the Onion Creek GI Network scenario, protected open space per
capita is increased by 191% over the baseline scenario, which raises the valid question of
whether such an increase would be feasible for the city to support fiscally, since parks
funding is already strained.
The integrated feedback generated by the analysis draws connections to possible
funding sources for the heightened investments in GI. The most obvious relationship is
found in the corresponding reductions in ‘gray’ infrastructure such as parking and roads,
which the analysis unveils significant cost savings. Through alternative development
patterns associated with the GI Network planning approach, parking costs were reduced
by 15% and new road costs were reduced by 43% in the Onion Creek Study area. These
reductions correspond to total cost savings of $90 million and $330 million, respectively.
Thus, in terms broad infrastructure costs generally, the Onion Creek study area was
estimated to save over $400 million in capital costs, which policy tools could be utilized
to channel these funds towards GI investments. Similarly, while parking costs remained
constant in the Gilleland Creek study area, new road costs were reduced by 27%,
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resulting in savings of $80 million. Thus, by drawing connections between different
forms of infrastructure, the findings open the door for alternative funding mechanisms to
support innovative planning. This is in addition to the estimated reductions in potential
flood losses, which amounted to over $550 million in the case of a 140-year flood in
Onion Creek, and a more modest $4 million in the case a 100-year flood in Gilleland
Creek.
Connections to the Literature and Stakeholder Interviews
The results of the analysis also provide important connections to the resilience
literature and issues that emerged during the stakeholder interviews. Most obvious is the
contribution of this analysis in providing a method for applying an integrated planning
approach in support of community resilience, which planning scholars have been
supporting for decades, but with techniques for accomplishing this lacking in practice.
The findings of this analysis begin to generate information that reflects on scholarly
conceptions of resilience, which promises to support incorporation of these concepts into
planning practice.
An example of this can be made by referring back to Cutter et al.'s (2008; 2003)
work on vulnerability, resulting in the Disaster Resilience of Place (DROP) conception of
resilience that incorporates natural systems, social systems, and the built environment
(see Figures 3-5). The findings of this analysis represent a new opportunity to apply this
conception of resilience in practice. Table 38 lists the full suite of information produced
by this analysis, and the relationship of each to Cutter’s conception of resilience.
Importantly, the indicators speak strongly to social vulnerability, through information
related to housing affordability, transportation costs, employment, housing tenure, fiscal
health, and economic development.
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Table 38: Connections to Cutter’s DROP Model of Resilience
Hazus 140-Year Flood Losses
Total Buildings
Buildings Damaged
Average Building Damage %
Average Content Damage %
Total Building Loss
Total Content Loss
Total Inventory Loss
Total Losses
Green Infrastructure
Parkland & Open Space Acres
Parkland & Open Space Acres per 1,000 residents
Urbanization
Urbanized Acres
New Impervious Acres
Gross Impervious Cover % (including parkland)
Urban Impervious Cover %
Population
People
Average Household Size
Housing Mix
Multifamily Units
Townhome Units
Small Lot Single Family Units
Conventional Lot Single Family Units
Large Lot Single Family Units
Mobile Home Units
Total Housing Units
Tenure
Owner-Occupied Units
Rental-Occupied Units
Affordability
Average Rent
Average Rental Unit Size (SqFt)
Average Rent per SqFt
Average Home Price
Average Owner Size (SqFt)
Average Price per SqFt
Employment
Retail Jobs
Office Jobs
Industrial Jobs
Public / Civic Jobs
Educational Jobs
Total Jobs
Jobs/Housing Balance
Jobs-to-Housing Ratio
Density
People per Acre
Housing Units per Acre

DROP Element
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Natural Systems
Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Social Systems
Social Systems
Built Environment/Social Systems
Built Environment/Social Systems
Built Environment/Social Systems
Built Environment/Social Systems
Built Environment/Social Systems
Built Environment/Social Systems
Built Environment/Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Built Environment/Social Systems
Built Environment/Social Systems
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Jobs per Acre
Average Floor-Area Ratio (FAR)
Income
Annual Household Income Needed to Afford Housing
Financial
Land Value
Improvement Value
Total Value
Land Value per SqFt
Improvement Value per SqFt
Total Value per SqFt
Parking Spaces
Parking Spaces
Parking Spaces per 1,000 SqFt
Parking Lot Coverage
Parking Cost
Parking Cost as % of Building Value
New Infrastructure
Total New Road Lane Miles
New Road Cost
Fiscal
Property Tax Revenue ($/year)
Sales Tax Revenue ($/year)
Property Tax Revenue ($/year) per acre
Sales Tax Revenue ($/year) per acre
Sustainability
Energy Use (Million BTU/Yr)
Carbon Emissions (Tons/Yr)
Landscaping Water Use (G/Day)
Internal Water Consumption (G/Day)
Waste Water (G/Day)
Solid Waste (lbs/Day)
New Project Vehicle Miles Traveled (VMT)
MXD Total Daily VMT
Per Housing Unit Residential VMT

Built Environment/Social Systems
Built Environment
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Built Environment
Built Environment
Built Environment
Social Systems
Social Systems
Built Environment
Social Systems
Social Systems
Social Systems
Social Systems
Social Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Built Environment/Natural Systems
Social Systems/Built Environment
Social Systems/Built Environment

Reflecting on the stakeholder interviews, the findings also speak to important
issues and challenges related to GI and resilience planning in Austin, identified by the
interviewees. Through feedback related to flood loss avoidance paired with park space
provision, the analysis supports the creation of community amenities that also function
ecologically, which is currently lacking in new master planned subdivision development.
The incorporation of flood loss feedback also presents a method for leveraging existing
community interest in natural resource protection to extend to building resilience, while
offering a way to provide assurance to community members who are concerned about
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future flooding or expressing distrust in the current definitions of floodplain boundaries.
For the planning of PUDs in Austin, the findings present an opportunity to better
understand how their zoning flexibility can be utilized to create superior GI designs
discovered within the master planning process prior to development.
This is possible because the analysis presents an opportunity to fill the identified
gap in planning scale, in which parcel level implementation interacts with broader GI
networks and generalized comprehensive planning goals. The use of parcel-level grid
sizes for ET scenario painting, and building-level information in Hazus, allows land use
plans to be understood in a detailed fashion, and provide guidance for future
implementation at the site level.
At its most basic level, the analysis reframes development conversations around
the concept of community resilience, through its focus on GI planning. Through its
visualization of GI network approaches and estimated outcomes, it promises to challenge
the contention of development interests that might argue for the need for crude floodplain
modifications in order to make a return on their investment. At the same time, the
findings uncover community benefits that go well beyond the current framing of
amenities as they are implemented in future subdivisions and urban development.
SIGNIFICANCE & IMPLICATIONS
A Methodological Innovation for Integrated Scenario Planning
Above all other contributions to current planning research, this project offers
innovative enhancements to the methods and processes employed by scenario planning in
order to increase community clarity of how green infrastructure approaches can best be
utilized to further community disaster resilience into the future while also pursuing
sustainability and urban development interests. This is achieved through the integration
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of planning software tools, which allows the potential complementary resilience
functions of alternative green infrastructure approaches to be more clearly explored and
illustrated. The pairing of retrospective historical counterfactual scenarios and
prospective exploratory scenarios can further solidify community understanding of green
infrastructure decision-making, by supporting communities in realizing past mistakes
made, acknowledging the potential for future vulnerabilities, and then applying and
testing these risks against a range of alternative paths forward.
The project explored scenario planning as a vehicle to further community
understanding of green infrastructure’s interconnected relationship with other sometimes
disparate or fragmented planning issues. The sustainability metrics combined with
disaster loss information might help communities see more than risk in the equation of
green infrastructure choices and their benefits/drawbacks. An example of harnessing
multiple benefits through green infrastructure can be made from the planning of urban
greenway networks that act to improve water quality, conserve important habitat
corridors, and often incorporate recreation trails to foster human enjoyment of these
areas. Restricting development in these areas often holds the additional benefit of
reducing losses to flood damage. Moving a step further, it serves as a step toward a better
travel mode shift from GHG emission-dominated travel modes, and can also serve as an
improvement toward reduced travel costs on low income households and improved travel
choices for all age groups through access to urban trail networks. This is important since
hazard mitigation alone has historically failed to generate high political salience in the
US. However, other complementary quality of life and ecological services often do
resonate with local values. This project offered an approach for helping to make these
connections through a replicable scenario planning methodology that serves to draw
connections and foster an integrated understanding of sustainability and resilience.
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While prior efforts have been made to pair sustainability and resilience models,
such as during the post-Hurricane Sandy recovery planning, this study could very well be
the most thorough integration of urbanization and disaster planning tools in this regard to
date. While FEMA is also exploring options for using Hazus in a forward-looking
approach, using the software as a stand-alone tool limits the variables of the built
environment that can be considered. For example, a current FEMA project is currently
testing hypothetical urbanization scenarios using Hazus, but only in the sense of altering
first-floor heights in certain areas of risk and estimating these impacts. The ET
urbanization models used in this project are much more sophisticated, in that each
building has rich underlying physical and financial assumptions, with capabilities to
customize the characteristics of the public realm for each type of development.
In another improvement, the crosswalk created by this project between ET and
Hazus goes beyond many other user-supplied facility applications in terms of the building
information provided to Hazus, which serves to improve the estimates produced by the
flood model (refer back to Table 21). While only requiring input information related to
occupancy, number of stories, foundation type, and first floor height, as well as
geographic location to produce reliable flood estimates, the ET outputs provide additional
Hazus inputs such as building construction type, building value, building area, and
building design level. Thus, not only does this methodology offer a method for using
Hazus to contemplate future urbanization (as opposed to its traditional use examining
current conditions), but it also improves the level of the analysis over baseline
applications.
From a technical standpoint, this project provides a roadmap for further
development of integrated urbanization and hazard mitigation planning support tools.
Due to the limited budget of this project, the method for creating a crosswalk between the
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softwares was done manually by necessity. While the use of ArcGIS ModelBuilder
helped to accelerate the iterative geoprocessing somewhat, with more time and money,
these tasks could be automated through Python programming to greatly reduce the GIS
methods required of the user. A dynamic link between ET and Hazus – much like ET has
already innovated between ArcGIS and Excel – could open large new realms of
applications feasible for use in practice.
A Theoretical Contribution for Implementing Innovative Scenario Planning
Techniques
While the academic literature has called for the use of exploratory scenarios to
plan for climate change, for example, there is little in terms of documented, specific and
meaningful methods for incorporating their use in community planning applications (e.g.,
see Sonoran Institute 2016; US EPA 2015a). As shown in this project, exploratory
scenarios are somewhat ideal for thinking about how environmental hazards of various
likelihoods, largely out of our control, could potentially impact a community. This
supports a decision-making framework in which various risk levels can be better
understood and responded to accordingly if deemed a significant threat to the community.
In communities such as the PUDs in Gilleland Creek, where the difference between a
likely event and a worst-case event is only marginally different in terms of spatial areas
of risk, a planning approach of this sort might support a robust community plan that is
resilient to the worst-case scenario along with more likely events. In other situations,
such as seismic risk in Seattle where forecasts predict a strong earthquake sometime in
the future, community planning could take a more contingent approach that essentially
prepares for that specific event.
This project provides a meaningful contribution in its description of specific
methodologies for using not only exploratory scenarios to prospectively investigate future
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environmental possibilities, but also using historical counterfactual scenarios to better
understand how prior risk could have been better managed. The latter approach, also
underutilized in mainstream scenario planning, provides a unique opportunity for
acknowledging risk and uncertainty, which creates a solid contextual foundation for
conducting exploratory scenarios. In the case of Austin, for example, the broad
realization of the mistakes made in Onion Creek has created a heightened awareness of
flood risk in the city, in which staff and other stakeholders are for the most part on the
same page about the unpredictability of flooding over time for a variety of reasons,
including visible impacts of rapid urbanization and broader climate trends. Based on the
findings of this analysis, the use of historical counterfactual scenarios promises to support
heightened community learning about past mistakes and ensure that they are not repeated
in the face of new development pressures.
While especially well-equipped for thinking about disaster resilience, the
implications of innovative scenario approaches are not limited to disaster planning.
Exploratory frameworks could potentially better utilized for planning in the context of
macroeconomic shifts, migration, or other uncertain variables. In the case of the recent
North Dakota oil boom, for example, large amounts of unplanned housing was
constructed quickly in small communities to meet the demands of incoming workers.
Less certain is what will happen to all this housing in the event that the oil rush slows
down and workers move away. Exploratory planning could have been used in this
application to explore community options based on hypothetical migration flows in the
future.
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A Practical Contribution for Discovering Synergies between Green Infrastructure
and Community Resilience
While the literature has been moving in the direction of resilience planning
frameworks over the past decade, the reality is that in practice, these concepts are
difficult to implement in the context of collaborative planning for a variety of reasons,
including resource constraints, the difficulty of obtaining, managing, interpreting and
communicating the necessary interdisciplinary data at a community resolution, was well
as participatory shortcomings. Based on the information produced by this analysis for
specific and distinct areas of analysis, a strong argument can be made that the approach
used in this study is replicable in most other US contexts. The integrated planning
approach could very well be applied to comprehensive planning, functional planning,
district planning, and other mainstream, ‘everyday’ community planning efforts that do
not necessarily focus on green infrastructure or hazard mitigation, but would benefit from
their incorporation when planning long term community futures.
Integrated riverine flood models could be utilized to plan communities in floodprone areas throughout the US, from the Northeast, to the Midwest, to the West Coast. In
this sense, the methods described in this project are already generalizable to other
contexts. Additionally, Hazus has a coastal flood model, a hurricane wind and storm
surge model, and an earthquake model that could very well be paired with a tool such as
ET, using approaches similar to what was described in this paper. If translated to
additional hazard models, the approach could eventually support a multi-hazard analysis
that would create many additional opportunities for application, including coastal storms
on the Atlantic, Gulf and Pacific coasts, Hurricanes on the East and Gulf coasts, and
planning for seismic risk on the West coast.
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While there is much promise in using scenario planning methods to pursue
disaster resilience as part of holistic planning efforts, this study also helps highlight some
of the limitations of scenario planning and associated planning support systems for use in
practice. This is an important contribution, since it identifies areas where further attention
is needed in this growing area of research. By uncovering the capabilities and limitations
of scenario planning in this regard, a contribution of this research will be to discuss the
potential value of these methods for planning practice, as well as the challenges of
incorporating these new approaches into community planning processes.
LIMITATIONS
An overarching disclaimer about many forms of scenario planning is that the
planning support tools utilized are planning-level or ‘sketch-level’ decision support tools,
intended to produce reliable estimates that highlight differences between urbanization or
hazard scenarios rather than produce precision estimates. This is because the scenariobased techniques use models that are based on calibrated and at times hypothetical
assumptions, which drive the results of the analysis. The results of both tools are intended
to generate conversations about the future planning trajectories, rather than predict
outcomes at a high level of precision. Because the future is inherently unknown,
‘proving’ a level of precision in the outputs is essentially impossible.
Important to note is that these assumptions/models are highly calibrated to
observed data and existing conditions, and can always be improved or confirmed through
additional effort or research. However, the analysis at its current scope and level of detail
is highly useful for generating important planning-level information for framing
discussions and discovering order of magnitude differences between scenarios.
Additionally, since many assumptions are consistent or relative between scenarios, their
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primary value lies in creating the ability to compare planning outcomes. While there is
always the potential for introducing bias into the models through the assumptions used,
these biases are applied to all alternatives. Thus even with the presence of bias, the
metrics produced by the model are reliable for comparing between scenario alternatives.
The key method for confronting bias in these processes is to be transparent about the
assumptions used and to provide opportunities for community input to provide feedback
on these assumptions.
For this reason, significant efforts were made to calibrate the urbanization and
flood modeling to existing data points, in order to establish the most accurate baseline as
possible for modeling alternative scenarios. This was primarily a challenge when
recreating the 2013 Halloween Onion Creek flood, both in terms of modeling existing
development at that time and modeling a flood that was comparable to the conditions
during that event. It should be reinforced that the analysis is based off of models that
were informed by past conditions, but do not necessarily capture or perfectly calibrate to
historical conditions. An example of this, mentioned previously, was the choice to model
a 140-year flood throughout Onion Creek, when in reality, estimates of the magnitude of
flooding for that event vary between a 10- and 300-year flood, depending on the specific
creek location. A 140-year event was modeled throughout the study area because that was
the estimated magnitude in the area of housing buyouts. That being said, the model is
more useful for thinking about what damages could have been incurred throughout the
study area if the magnitude had reached the levels of where the housing losses occurred.
Similarly, the Hazus-MH user manual clearly states that Hazus is an ongoing
work in progress, and much like ET should also be considered a planning-level or sketchlevel tool. Prior uses of Hazus have shown that it is not always appropriate as a precision
estimation tool. For example, in the case of the 2001 Nisqually earthquake that impacted
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the Pacific Northwest, damage estimates produced by Hazus modeling varied from
observed impacts by over 50% in some parts of Seattle. While Hazus analysis of the
earthquake conducted by FEMA estimated resulting damage costs to be $3.9 billion,
Hazus analysis conducted by the State of Washington of the same event estimated these
damages to be closer to $2 billion (Wang et al. 2017). Thus, use of Hazus hazard models
and estimates should be considered planning information to support policy and
participatory discussions, with resulting opportunities for further analysis in refined areas
of study once they are identified in the broader planning stages.
Much like the urbanization modeling, the flood loss analysis and approach laid
out in this dissertation offers avenues for improvement pending improved resources and
heightened interdisciplinary collaboration. For example, there are opportunities to
improve the Hazus flood loss results by inputting user-supplied flood models from other
software tools such as HECRAS. Thus, this project took an approach that focused on
providing improved user-supplied data related to the built environment, while utilizing
the baseline hydrology and hydraulic flood models that are included within the Hazus
inventory data.
A significant limitation of ET-Hazus approach used in this study is that damages
and economic losses were limited to private-sector buildings such as homes, apartment
buildings, and commercial structures. While public buildings such as schools and other
government offices were also considered, infrastructure such as roads, utilities, bridges,
water treatment plants, and other critical facilities are not yet incorporated into the userdefined inputs that were utilized for this analysis. Moving forward, this would be a
considerable improvement, since typically in disasters these elements represent a
significant share of the total damages and economic losses.
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In terms of the information generated by the analysis, a current shortcoming is the
lack of operation and maintenance costs, both in terms of the required costs required from
the city to maintain and operate parkland and open space, as well as the significant O&M
costs that are required for other infrastructure such as roads and utilities. These costs are
nuanced, since open space conservation can take various forms spanning from programed
park space to natural restoration areas, which require different levels of maintenance to
operate, with support coming from public, non-profit, and private sources. Additionally,
while the developer often pays for the capital costs of constructing roads and utilities for
new subdivisions, the city is typically charged with operating and maintaining this
infrastructure after it is built. Thus, further improvements to the methodological
capabilities of the analysis could provide more information to support a better
understanding of these costs.
FUTURE RESEARCH OPPORTUNITIES
The research presented in this study offers several exciting opportunities for
future long-term research programs. The first, alluded to above, is the potential for further
software integration & automation for furthering the feasibility of integrated planning, in
which relationships and interactions between different systems – often separated by
planning silos – can be better investigated and understood within mainstream community
planning processes. Through future collaboration with software experts and
programmers, there lies the potential to expand the applications of this approach to
include different types of hazards, and even conduct multi-hazard analysis in which the
task of identifying green infrastructure approaches complementary to resilience interests
might be made more complex. In addition, as previously mentioned, there will likely
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always be room for continued improvement in terms of setting assumptions and
developing urbanization and flood models.
An important element of green infrastructure planning that was not investigated
during this project is the use of ecosystem services frameworks for assessing the benefits
provided to humans through natural urban features and ecosystems. This includes not
only protected open space and parkland as included in this project, but also urban forests
and smaller-scale green stormwater features that are typically implemented on an
individual project scale. ET already includes a green infrastructure application for
customizing building prototypes with site-level improvements such as rain gardens, green
roofs, biofiltration, rainwater harvesting, and the use of porous pavement. While this
analysis was specifically focused on testing a link between urbanization and hazard
models, tools such as ET include further green infrastructure analytics that could take the
analysis a step further. Doing so would allow large scale green infrastructure planning to
be coordinated with building-level features, to create a patchwork of impacts that support
ecosystem health in aggregate, much like the “implementation quilt” conception provided
by Benedict and McMahon (2012).
Additionally, there are opportunities for creating additional green infrastructure
metrics for open source scenario planning tools such as ET. Considering the high level of
interest in leveraging urban ecosystem services in planning, there are already stand-alone
models available that present opportunities for future-oriented applications. As described
in a previous article, the i-Tree suite of urban forest planning tools are freely available
from the Urban Forest Services, and the i-Tree Street Tree valuation models have already
been piloted as an ET application that estimates the mature value of future street trees in
terms of the services they provide, including stormwater interception, urban heat island
mitigation, air quality improvements, carbon storage, and improvements to property
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values (Hilde and Paterson 2014). The i-Tree tools present further opportunities for
incorporating metrics related to the ecosystem benefits of large-scale features much like
those tested over the course of this project. Incorporating these models into an integrated
planning tool could potentially allow planners to speak to even more impacts related to
green infrastructure planning approaches.
Finally, while this project was mainly methodologically focused, further
important research opportunities lie in participatory testing of improved scenario
planning tools. At its heart, scenario planning is intended to be a communicative planning
tool, and the success of the modeling is largely dependent on how stakeholder and
community values are incorporated into the process. The interviewing portion of this
analysis was in part conducted to supplement the analysis with stakeholder perspectives
that were used as a proxy for more involved public information gathering. In addition to
providing input, participatory success requires a transparent process and a method for
sharing information with stakeholders or workshop participants. Thinking back to the
Central Texas Greenprint, one of the major successes of that project was its participatory
process, which generated excitement amongst participants and generated a large amount
of buy-in from stakeholders. Thus, additional feedback loops should be explored when
piloting integrated approaches, in order to confirm that information is presented in a way
that is meaningful to stakeholders with different perspectives and disciplinary roles.
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APPENDIX B: CENTRAL TEXAS BUILDING PROTOTYPE LIBRARIES
COA CodeNext
Avg. Lot
Development Type
Size (SqFt)
RR
85,000
VLDR
31,000
LDR
8,649
LMDR-SL
4,561
MDR
18,850
MHDR
132,026
HDR
118,932
NC-L
55,035
LC-L
37,600
GC-L
41,942
RC
42,945
SC-L
24,460
HC
128,298
FI
267,206
GI
309,367
HI
393,438
R&D
56,931
COA Transect Zones
T3N.IS
8,000
T3MS
9,000
T4N.IS
8,250
T4N.SS
8,063
T4NC
12,500
T4MS
10,250
Generic Development Types
Single Family
10,052
Subdivision
Multifamily
20,156
Corridor
60,000
Commercial
Office
115,000
Industrial
125,000
Civic
125,000
Aspirational Development Types
Compact Single
7,195
Family (Mueller)
Transit-Oriented
20,250
Development
Mixed Use Center
27,500
Main Street
22,250
Commercial

Avg
Height
1
1
1
2
1
2
2
1
1
2
2
1
3
1
1
1
1

Avg
FAR
0.06
0.17
0.27
0.44
0.45
0.79
0.99
0.32
0.30
0.69
0.76
0.28
1.52
0.35
0.37
0.35
0.39

Net buildable
acre (out of 1)
0.98
0.91
0.81
0.78
0.81
0.77
0.75
0.83
0.86
0.81
0.75
0.71
0.69
0.88
0.97
0.97
0.84

Buildable
area (SqFt)
83,040
28,311
7,045
3,578
15,350
102,062
88,835
45,860
32,247
34,029
32,332
17,466
88,582
235,619
299,709
381,155
47,599

1.02
1.09
1.23
1.27
1.23
1.29
1.34
1.20
1.17
1.23
1.33
1.40
1.45
1.13
1.03
1.03
1.20

Adjusted
Avg. lot size
87,006
33,944
10,619
5,815
23,148
170,787
159,227
66,045
43,842
51,693
57,042
34,255
185,820
303,026
319,338
406,118
68,092

Grid cell
size
295
184
103
76
152
413
399
257
209
227
239
185
431
550
565
637
261

2
3
2
2
3
3

0.50
1.45
0.52
0.56
0.58
1.72

0.81
0.63
0.84
0.84
0.84
0.69

6,460
5,691
6,949
6,791
10,529
7,059

1.24
1.58
1.19
1.19
1.19
1.45

9,908
14,232
9,794
9,572
14,840
14,883

100
119
99
98
122
122

1

0.31

2

0.77

0.91

9,120

1.10

11,080

105

0.64

12,826

1.57

31,675

178

1

0.31

0.56

33,801

1.78

106,506

326

1
1
1

0.36
0.33
0.23

0.59
0.78
0.59

67,430
97,197
73,587

1.71
1.29
1.70

196,128
160,756
212,335

443
401
461

1

0.46

0.78

5,612

1.28

9,224

96

3

1.87

0.59

11,921

1.70

34,398

185

2

1.14

0.70

19,201

1.43

39,386

198

2

0.90

0.64

14,310

1.55

34,595

186

303

Multiplier

APPENDIX C: BUILDING PROTOTYPE COMPOSITION OF ET CENTRAL TEXAS
DEVELOPMENT TYPES
Dev Type

Share

COA CodeNext Zones
RR
80%
RR
10%
RR
10%
VLDR
39%
VLDR
29%
VLDR
22%
VLDR
9%
VLDR
1%
LDR
50%
LDR
23%
LDR
20%
LDR
5%
LDR
2%
LMDR-SL
79%
LMDR-SL
16%
LMDR-SL
3%
LMDR-SL
2%
MDR
55%
MDR
25%
MDR
10%
MDR
10%
MHDR
10%
MHDR
50%
MHDR
20%
MHDR
20%
HDR
5%
HDR
5%
HDR
10%
HDR
10%
HDR
35%
HDR
4%
HDR
5%
HDR
26%
NC-L
100%
LC-L
10%
LC-L
50%
LC-L
20%
LC-L
20%
GC-L
7%
GC-L
13%
GC-L
25%
GC-L
15%
GC-L
30%
GC-L
10%
RC
15%
RC
15%
RC
10%
RC
40%
RC
10%
RC
10%
SC-L
25%
SC-L
75%
HC
20%
HC
10%
HC
10%
HC
10%
HC
5%
HC
5%
HC
5%
HC
10%
HC
20%
HC
5%
FI
20%
FI
20%
FI
60%
GI
10%
GI
20%
GI
70%
HI
10%
HI
90%

Building Type

Lot Size

Height
(stories)

FAR

Building
Sq Ft

DUs
/
Bldg

DUs
/
Acre

Sales
Price
($/SqFt)

Avg Sales
Price ($)

Large Lot Single Family - 40,000 sq ft
Executive Estate Single Family
Rural Single Family
Conventional Lot Single Family - 10,000 Sq Ft
Large Lot Single Family - 20,000 sq ft
Large Lot Single Family - 40,000 sq ft
Executive Estate Single Family
Rural Single Family
Conventional Lot Single Family - 6,000 sq ft
Conventional Lot Single Family - 8,000 Sq Ft
Conventional Lot Single Family - 10,000 Sq Ft
Large Lot Single Family - 20,000 sq ft
Large Lot Single Family - 40,000 sq ft
Small Lot Single Family - 4,000 sq ft
Conventional Lot Single Family - 6,000 sq ft
Conventional Lot Single Family - 8,000 Sq Ft
Conventional Lot Single Family - 10,000 Sq Ft
Townhomes High
Townhomes Medium
Cottage Homes
Conventional Lot Single Family - 6,000 sq ft
Apartment 3
Garden Apartment
Townhomes High
Townhomes Medium
Apartment 5
Apartment 5 - Wrapped Parking
Apartment 4 - Wrapped Parking
Apartment 3
Garden Apartment
Townhomes High
Townhomes Medium
Arterial Commercial
Lifestyle Retail / Suburban Main Street Retail
Office 3
Suburban Office 1
Flex/Tech Office 1
Lifestyle Retail / Suburban Main Street Retail
Office 5
Office 3
Suburban Office 1
Lifestyle Retail / Suburban Main Street Retail
Arterial Commercial
Hotel 3
Office 5
Office 3
Suburban Office 1
Regional Retail / Mall
Lifestyle Retail / Suburban Main Street Retail
Arterial Commercial
Lifestyle Retail / Suburban Main Street Retail
Arterial Commercial
Mixed-Use Residential Renter 5
Condo 5
Apartment 5
Apartment 4 - Wrapped Parking
Office 5
Office 3
Suburban Office 1
Lifestyle Retail / Suburban Main Street Retail
Arterial Commercial
Hotel 3
Suburban Office 1
Flex/Tech Office 1
Light Industrial / Warehousing 1
Suburban Office 1
Flex/Tech Office 1
Light Industrial / Warehousing 1
Suburban Office 1
Light Industrial / Warehousing 1

40,000
90,000
440,000
10,000
20,000

1
1
1
1
1

0.07
0.05
0.01
0.30
0.13

2,674
4,121
2,386
2,988
2,573

0.8
1.0
1.2
1.1
0.9

0.8
0.5
0.1
4.6
1.9

230
244
359
195
218

806,399
976,286
717,789
545,039
653,811

6,000
8,040

1
1

0.26
0.31

1,535
2,501

1
1

5
5

$209
$190

439,445
474,544

4000

2

0.49

1945

1

12

190

341151

21,562
21,562
10,000

1
1
1

0.39
0.73
0.29

8386
15,659
2,872

9
10
2

18
20
10

250
250
199

230750
393,750
248,857

14,331
243,936

3
2

2.00
0.74

28,662
181,367

26
88

79
16

200

350,000

63,875
111,754
176,897

5
5
4

1.26
2.77
2.05

80,252
309,900
363,263

44
296
363

30
115
89

250

458,412

14,269
55,035
165,528
13,982
15,246

1
1
3
1
1

0.27
0.32
0.62
0.16
0.49

3,800
17,809
102,319
2,209
7,418

18

14.10

409
9
14

107.70
27.53
40.18

3,682

5

3.59

13,200

33

390.41

23,087

1

0.15

3,446

3

6.50

3

6.50

390,515
65,340

5
6

3.35
1.17

1,308,266
76,471

441
65

49
43

84
84

9
9.40

435,600

1

0.37

162,330

216

21.55
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Rent
($/SqFt)

2.00

2.00
1.50

2.00

Avg
Rent
($/Mo.)

Jobs
/
Bldg

Jobs /
Acre

4

11.60

1,981

1,780
1,277

5,553
250

250,000

Dev Type

Share

Building Type

COA CodeNext Transect Zones
T3N.IS
40%
T3NDSSmallHouse
T3N.IS
10%
T3NISCottageCourt
T3N.IS
50%
T3NISDuplexSideBySide
T3MS
40%
T4MSLiveWork
T3MS
40%
T4MSMainStreet
T3MS
20%
T4MSRowHouseMedium
T4N.IS
30%
T4NISDuplexStacked
T4N.IS
50%
T4NISMultiplexMedium
T4N.IS
20%
T4NISSmallHouse
T4N.SS
20%
T4NISSmallHouse
T4N.SS
10%
T4NSSCottageCourt
T4N.SS
30%
T4NSSDuplexStacked
T4N.SS
40%
T4NSSMultiplexMedium
T4NC
10%
T4NSSDuplexStacked
T4NC
60%
T4NSSMultiplexMedium
T4NC
30%
T4MSRowHouseMedium
T4MS
10%
T4MSLiveWork
T4MS
80%
T4MSMainStreet
T4MS
10%
T4MSRowHouseMedium
Generic Development Types
Single Family
4%
Small Lot Single Family - 4,000 sq ft
Single Family
33%
Conventional Lot Single Family - 6,000 sq ft
Single Family
30%
Conventional Lot Single Family - 8,000 Sq Ft
Single Family
24%
Conventional Lot Single Family - 10,000 Sq Ft
Single Family
5%
Large Lot Single Family - 20,000 sq ft
Single Family
3%
Large Lot Single Family - 40,000 sq ft
Single Family
1%
Executive Estate Single Family
Single Family
0%
Rural Single Family
Compact SF
17%
Townhome, Mueller
Compact SF
5%
"Skinny Lot" Single Family - 2,500 sq ft
Compact SF
8%
Small Lot Single Family - 4,000 sq ft
Compact SF
70%
Conventional Lot Single Family - 6,000 sq ft
Multifamily
45%
Multifamily, 3-story
Multifamily
45%
Multifamily, 2-story
Multifamily
10%
Townhome High Density
TOD
20%
Mixed-Use Residential, 5 stories
TOD
25%
Mixed-Use Residential, 3 stories
TOD
30%
Neighborhood Mixed Use, 2 stories
TOD
25%
Main Street Commercial
Mixed Use
25%
Mixed-Use Residential, 3 stories
Mixed Use
25%
Neighborhood Mixed Use, 2 stories
Mixed Use
20%
Low Rise Office
Mixed Use
30%
Main Street Commercial
Main Street
50%
Neighborhood Mixed Use, 2 stories
Main Street
10%
Low Rise Office
Main Street
25%
Main Street Commercial
Main Street
15%
Low Density Commercial
Aspirational Development Types
Corridor Retail
50%
Low Density Commercial
Corridor Retail
50%
Large Format Retail
Office
50%
Low Rise Office
Office
50%
Business Park Flex
Industrial
50%
Business Park Flex
Industrial
50%
Light Industrial
Civic
100%
Civic and Education
Whisper Valley Development Type from CodeNext Model
Whisper Valley
3%
Garden Apartment
Whisper Valley
2%
Townhomes Medium
Whisper Valley
18%
Conventional Lot Single Family - 6,000 sq ft
Whisper Valley
18%
Conventional Lot Single Family - 8,000 Sq Ft
Whisper Valley
15%
Conventional Lot Single Family - 10,000 Sq Ft
Whisper Valley
2%
Suburban Office 1
Whisper Valley
1%
Lifestyle Retail / Suburban Main Street Retail
Whisper Valley
1%
Arterial Commercial

Lot Size

Height
(stories)

FAR

Building
Sq Ft

DUs
/
Bldg

DUs
/
Acre

Avg
Rent
($/Mo.)

Sales
Price
($/SqFt)

Avg Sales
Price ($)

7,500
12,500
7,500
2,500
10,000
20,000
7,500
10,000
5,000

2
2
2
3
3
4
2
2
2

0.45
0.52
0.53
1.32
1.87
0.88
0.45
0.50
0.68

3,376
6,450
3,952
3,288
18,699
17,544
3,376
5,000
3,376

1
6
2
1
7
10
2
4
1

6
21
12
16
33
21
12
17
9

379
379
312
379

1,279,504
407,427
616,512
1,246,152

2.46
2.46
2.46
-

2,460
3,597
2,460
-

312
379

526,656
1,279,504

15,625
5,000
10,000

2
2
2

0.78
0.59
0.42

12,148
2,944
4,224

8
2
6

22
17
26

2.46
2.46

3,621
1,385

379
-

575,488
-

15000
2500

2
2

1.13
0.61

16,878
1536

7
1

20
12

-

-

115
110

276,000
154,000

20000
20000
21,562
40,000
20,000
20,000
5,000

3
2
1
5
3
2
1

0.90
0.71
0.39
3.91
2.11
1.23
0.76

18,032
14,257
8,386
156,489
42,189
24,673
3,785

18
10
9
96
19
10

39
22
18
104
41
21

1.70
1.70

1,445
2,040

1.70
1.50
-

1,700
1,650
-

250
180

230,750
175,500

80,000

1

0.40

20,000

1

100,000

Jobs
/
Bldg

Jobs /
Acre

10

43.10

5

41.22

31,683

106

57.50

0.35

6,923

14

29.99

1

0.26

26,471

22

9.61

150,000

1

0.33

49,038

63

18.29

100,000
125,000

1
1

0.33
0.23

32,544
28,455

29

12.52

38

13.22

305

Rent
($/SqFt)

APPENDIX D: BUILDING PROTOTYPES CREATED RELATIVE TO OTHER CENTRAL TEXAS
MODELS
Building Prototype
Rural Single Family
Onion Creek Large Lot SF
Executive Estate Single Family
Large Lot Single Family - 40,000 sq ft
Large Lot Single Family - 20,000 sq ft
Onion Creek Single Family
Conventional Lot Single Family - 10,000 Sq Ft
Whisper Valley SFD-Low
Conventional Lot Single Family - 8,000 Sq Ft
Whisper Valley SFD-Med
Conventional Lot Single Family - 6,000 sq ft
Onion Creek Mobile Home
T3NDSSmallHouse
T4NISSmallHouse
Cottage Homes
T4NISDuplexStacked
T3NISDuplexSideBySide
Onion Creek Duplex
"Skinny Lot" Single Family - 2,500 sq ft
Small Lot Single Family - 4,000 sq ft
Whisper Valley SFD-High
Garden Apartment
Townhomes High
Townhome High Density
Whisper Valley Townhomes
Townhomes Medium
Townhome, Mueller
T3NISCottageCourt
T4NSSCottageCourt
T4MSRowHouseMedium
T4NISMultiplexMedium
Onion Creek Quadplex
T4NSSDuplexStacked
Multifamily, 2-story
Whisper Valley MF Apartment
T4NSSMultiplexMedium
Apartment 5
Multifamily, 3-story
Onion Creek Apartment
Condo 5
Apartment 3
Apartment 4 - Wrapped Parking
Apartment 5 - Wrapped Parking
T4MSLiveWork
Neighborhood Mixed Use, 2 stories
T4MSMainStreet
T4MS Main Street
Mixed-Use Residential, 3 stories
Mixed-Use Residential Renter 5
Mixed-Use Residential, 5 stories
Regional Retail / Mall
Large Format Retail
Onion Creek Retail
Arterial Commercial
Lifestyle Retail
Low Density Commercial
Main Street Commercial
Retail 2:1 FAR
Business Park Flex
Suburban Office 1
Flex/Tech Office 1
Low Rise Office
Onion Creek Low Rise Office
Office 3
Office 3:1 FAR
Office 5
Light Industrial / Warehousing 1
Light Industrial
Onion Creek Industrial
Civic and Education
Onion Creek Civic & Education

Lot Size (SqFt)
440,000
957,660
90,000
40,000
20,000
10,566
10,000
9,200
8,040
6,000
6,000
6,725
7,500
5,000
10,000
7,500
7,500
9,467
2500
4,000
4,000
243,936
21562
21,562
22,800
21,562
15000
12,500
15,625
20,000
10,000
11,430
5,000
20000
36,000
10,000
63,875
20000
61575
65,340
14,331
176,897
111,754
2,500
20,000
10,000
10,000
20,000
390,515
40,000
23,087
100,000
142,681
14,269
55,035
20,000
5,000
20,000
150,000
13,982
15,246
80,000
275,000
165,528
40,000
3,682
435,600
100,000
680,281
125,000
350,300

Multiplier
1.02
1.02
1.02
1.09
1.09
1.23
1.23
1.23
1.23
1.23
1.23
1.22
1.27
1.27
1.27
1.27
1.27
1.23
1.27
1.27
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.33
1.30
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.45
1.45
1.45
1.45
1.55
1.55
1.55
1.45
1.45
1.43
1.45
1.20
1.45
1.20
1.20
1.70
1.70
1.43
1.43
1.43
1.43
1.43
1.43
1.25
1.25
1.25
1.70
1.67
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Adjusted lot size (SqFt)
448,800
976,813
91,800
43,600
21,800
12,996
12,300
11,316
9,889
7,380
7,380
8,205
9,525
6,350
12,700
9,525
9,525
11,644
3,175
5,080
4,800
292,723
25,874
25,874
27,360
25,874
18,000
15,000
18,750
24,000
13,300
14,859
6,650
26,600
47,880
13,300
84,954
26,600
81,895
86,902
19,060
235,273
148,632
3,625
29,000
14,500
14,500
31,000
605,298
62,000
33,476
145,000
204,034
20,690
66,042
29,000
6,000
24,000
255,000
23,769
21,802
114,400
393,250
236,705
57,200
5,265
544,500
125,000
850,351
212,500
585,001

Grid Cell Size
670
988
303
209
148
114
111
106
99
86
86
91
98
80
113
98
98
108
56
71
69
541
161
161
165
161
134
122
137
155
115
122
82
163
219
115
291
163
286
295
138
485
386
60
170
120
120
176
778
249
183
381
452
144
257
170
77
155
505
154
148
338
627
487
239
73
738
354
922
461
765

APPENDIX E: ENVISION TOMORROW BUILDING PROTOTYPE RETURN-ON-INVESTMENT
MODELS
Building Prototype 1: Onion Creek Large Lot Single Family
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
4,588
0.1
0.01

0%
1%

Landscaping or Open Space

Parking Area Next to Building
Net-to-Gross Reduction Area

Financial Stats

99%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

-20.1%

Physical Inputs
Project Info
Building Name ◊

Onion Creek Large Lot SF

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

957,660

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

acres
(enter percentage)

99%

(enter percentage)

1

Under-build ◊

square feet

21.98
100%

75%

stories
(enter percentage)

Owner
Single Family

Residential

Owner

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

4,000

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

gross square feet / worker

Office

gross square feet / worker

Industrial

gross square feet / worker

Public

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

3.00

space(s)/dwelling unit

Retail ◊

3.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.10

(number of levels)

Parking Type

% Used ◊

100%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.00

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Suburban Perpendicular

Square feet per space ◊

400

square feet

315

square feet

260

square feet

Mechanical

125

square feet

Custom

250

square feet

Parking Area ◊

260

Urban Perpendicular
Structured

x

307

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
4,588
0.1
0.01

1%
0%

Landscaping or Open Space
Parking Area Next to Building

Net-to-Gross Reduction Area

Financial Stats

99%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

-20.1%

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$45

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$0.25

$

239,415

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$23,239

Fees / SDCs ◊
$0
$23,239

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

4,000

$ / sf

Sale Price per Square Foot

Unit Size
$100

Retail

$24.00

Annual, Triple Net

Office

$24.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$206,475.26
-$43,657.85
-$574,354.75

308

Rent
$0

Sales Price
4,000

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$400,000

$7,000

Building Prototype 2: Onion Creek Single Family
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
2,700
4.2
0.28

3% 0%

Landscaping or Open Space

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

6.5%

Physical Inputs
Project Info
Building Name ◊

Onion Creek Single Family

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

10,566

square feet

0.24
Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

acres

100%

(enter percentage)

65%

(enter percentage)

1

Under-build ◊

90%

stories
(enter percentage)

Owner
Single Family

Residential

Owner

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

2,639

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

650

gross square feet / worker

Office

350

gross square feet / worker

Industrial

700

gross square feet / worker

Public

400

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

3.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.10

(number of levels)

Parking Type

% Used ◊

100%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.11

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

32%

Parking Area Next to Building

260

square feet

Mechanical

x

125

square feet

Custom

250

square feet

Parking Area ◊

260

309

65%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
2,700
4.2
0.28

3% 0%

Landscaping or Open Space

32%

Parking Area Next to Building

Net-to-Gross Reduction Area

65%

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

6.5%

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$55

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$4.00

$

42,264

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$14,358

Fees / SDCs ◊
$0
$14,358

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

2,639

$ / sf

Sale Price per Square Foot

Unit Size
$105

Retail

$24.00

Annual, Triple Net

Office

$24.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$148,489.64
-$27,286.84
-$266,106.06

310

Rent
$0

Sales Price
2,639

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$277,095

$4,618

Building Prototype 3: Whisper Valley SFD-Low
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
2,687
4.8
0.32

4% 0%

Landscaping or Open Space

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

8.9%

Physical Inputs
Project Info
Building Name ◊

Whisper Valley SFD-Low

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

9,200

Site net-to-gross ratio ◊

100%

(enter percentage)

60%

(enter percentage)

0.21
Landscaping ◊
Building height (stories)

1

Under-build ◊
Building Uses ◊

90%

square feet
acres

stories
(enter percentage)

Owner
Single Family

Residential

Owner

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

2,639

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

650

gross square feet / worker

Office

350

gross square feet / worker

Industrial

700

gross square feet / worker

Public

400

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

3.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.10

(number of levels)

Parking Type

% Used ◊

100%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.13

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

315

square feet

260

square feet

Mechanical

125

square feet

Custom

250

square feet

Parking Area ◊

260

Urban Perpendicular
Structured

36%

Parking Area Next to Building

x

311

60%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
2,687
4.8
0.32

4% 0%

Landscaping or Open Space

36%

Parking Area Next to Building

Net-to-Gross Reduction Area

60%

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

8.9%

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$55

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$4.00

$

36,800

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$14,287

Fees / SDCs ◊
$0
$14,287

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

2,639

$ / sf

Sale Price per Square Foot

Unit Size
$105

Retail

$24.00

Annual, Triple Net

Office

$24.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$147,762.87
-$27,153.29
-$259,065.31

312

Rent
$0

Sales Price
2,639

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$277,095

$4,618

Building Prototype 4: Whisper Valley SFD-Med
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
2,094
7.2
0.39

0%

Landscaping or Open Space

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

14.4%

Physical Inputs
Project Info
Building Name ◊

Whisper Valley SFD-Med

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

6,000

Site net-to-gross ratio ◊

100%

(enter percentage)

50%

(enter percentage)

square feet

0.14
Landscaping ◊
Building height (stories)

1

Under-build ◊
Building Uses ◊

90%

acres

stories
(enter percentage)

Owner
Single Family

Residential

Owner

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

2,100

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

650

gross square feet / worker

Office

350

gross square feet / worker

Industrial

700

gross square feet / worker

Public

400

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

3.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.10

(number of levels)

Parking Type

% Used ◊

100%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.19

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

315

square feet

260

square feet

Mechanical

125

square feet

Custom

250

square feet

Parking Area ◊

260

Urban Perpendicular
Structured

7%

Parking Area Next to Building

x

313

43%
50%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
2,094
7.2
0.39

0%

Landscaping or Open Space

7%

Parking Area Next to Building

43%

Net-to-Gross Reduction Area

50%

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

14.4%

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$50

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$5.00

$

30,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$11,133

Fees / SDCs ◊
$0
$11,133

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

2,100

$ / sf

Sale Price per Square Foot

Unit Size
$105

Retail

$24.00

Annual, Triple Net

Office

$24.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$104,676.92
-$22,686.39
-$192,133.39

314

Rent
$0

Sales Price
2,100

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$220,500

$3,675

Building Prototype 5: Onion Creek Mobile Home
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
1,409
5.5
0.25

0%
0%

Landscaping or Open Space

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

14.6%

Physical Inputs
Project Info
Building Name ◊

Onion Creek Mobile Home

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

6,725

Site net-to-gross ratio ◊

100%

(enter percentage)

71%

(enter percentage)

0.15
Landscaping ◊
Building height (stories)

1

Under-build ◊
Building Uses ◊

85%

square feet
acres

stories
(enter percentage)

Owner
Mobile Home

Residential

Owner

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,650

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

650

gross square feet / worker

Office

350

gross square feet / worker

Industrial

700

gross square feet / worker

Public

400

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

1.00

space(s)/dwelling unit

Retail ◊

0.00

space(s)/1000 sf

Office ◊

0.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

0.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.15

(number of levels)

Parking Type

% Used ◊

86%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.08

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

260

square feet

125

square feet

250

square feet

Mechanical
Custom

29%

Parking Area Next to Building

x

Parking Area ◊

250

315

71%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
1,409
5.5
0.25

0%
0%

Landscaping or Open Space

29%

Parking Area Next to Building

Net-to-Gross Reduction Area

71%

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

14.6%

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$25

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$4.00

$

26,900

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$5,709

Fees / SDCs ◊
$0
$5,709

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,650

$ / sf

Sale Price per Square Foot

Unit Size
$80

Retail

$24.00

Annual, Triple Net

Office

$24.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊

-$35,226.39

Parking Construction (Hard Costs) ◊

-$19,892.55

Total Project Costs ◊

-$98,340.15
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Rent
$0

Sales Price
1,650

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$132,000

$2,888

Building Prototype 6: Onion Creek Duplex
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

2
3,155
11.2
0.39

0%

Landscaping or Open Space

Net-to-Gross Reduction Area

Financial Stats

70%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

9.0%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Onion Creek Duplex

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

9,467

Site net-to-gross ratio ◊

100%

(enter percentage)

70%

(enter percentage)

0.22
Landscaping ◊
Building height (stories)

2

Under-build ◊
Building Uses ◊

85%

square feet
acres

stories
(enter percentage)

Owner
Semi-Detached / Townhome

Residential

Renter

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,300

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

605

gross square feet / worker

Office

300

gross square feet / worker

1,300

gross square feet / worker

750

gross square feet / worker

Industrial
Public
Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.00

space(s)/dwelling unit

Retail ◊

0.00

space(s)/1000 sf

Office ◊

0.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

0.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.30

(number of levels)

Parking Type

% Used ◊

100%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.29

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

260

square feet

Mechanical

125

square feet

250

square feet

Custom
Parking Area ◊

7%

Parking Area Next to Building

x

250

317

23%

Physical Stats

Building Footprint
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

11.2
0.39

0%

Site Layout

Landscaping or Open Space
7%

Parking Area Next to Building

23%

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

70%

Actual Return
12.0%

9.0%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$60

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$10.00

$

94,670

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$20,555

Fees / SDCs ◊
$0
$20,555

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,300

$ / sf

Sale Price per Square Foot

Unit Size
$200

Retail

$22.00

Annual, Triple Net

Office

$18.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$18.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$189,300.81
-$52,421.76
-$405,836.25
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Rent
$0

Sales Price
1,300

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$0.85

$260,000

$1,105

Building Prototype 7: Whisper Valley SFD-High
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
1,863
11.3
0.49

0%

Landscaping or Open Space

Parking Area Next to Building
Net-to-Gross Reduction Area

Financial Stats

55%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

10.8%

Physical Inputs
Project Info
Building Name ◊

Whisper Valley SFD-High

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

4,000

Site net-to-gross ratio ◊

100%

(enter percentage)

55%

(enter percentage)

0.09
Landscaping ◊
Building height (stories)

2

Under-build ◊
Building Uses ◊

80%

square feet
acres

stories
(enter percentage)

Owner
Single Family

Residential

Owner

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,800

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

650

gross square feet / worker

Office

350

gross square feet / worker

Industrial

700

gross square feet / worker

Public

400

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

3.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.10

(number of levels)

Parking Type

% Used ◊

100%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.35

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

14%

260

square feet

Mechanical

x

125

square feet

Custom

250

square feet

Parking Area ◊

260

319

31%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
1,863
11.3
0.49

0%

Landscaping or Open Space
14%

Parking Area Next to Building

31%

Net-to-Gross Reduction Area

Financial Stats

55%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

10.8%

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$55

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$7.00

$

28,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$9,905

Fees / SDCs ◊
$0
$9,905

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,800

$ / sf

Sale Price per Square Foot

Unit Size
$105

Retail

$24.00

Annual, Triple Net

Office

$24.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$102,444.78
-$14,170.84
-$176,500.23
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Rent
$0

Sales Price
1,800

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$189,000

$3,150

Building Prototype 8: Whisper Valley Townhomes
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

10
12,026
19.1
0.66

0%

Landscaping or Open Space

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

13.9%

Physical Inputs
Project Info
Building Name ◊

Whisper Valley Townhomes

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

22,800
0.52

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)
Under-build ◊
Building Uses ◊

square feet
acres

100%

(enter percentage)

50%

(enter percentage)

2
80%

stories
(enter percentage)

Owner
Semi-Detached / Townhome

Residential

Owner

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,200

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

605

gross square feet / worker

Office

300

gross square feet / worker

1,300

gross square feet / worker

750

gross square feet / worker

Industrial
Public
Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.00

space(s)/dwelling unit

Retail ◊

0.00

space(s)/1000 sf

Office ◊

0.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

0.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.40

(number of levels)

Parking Type

% Used ◊

100%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.53

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

260

square feet

125

square feet

250

square feet

Mechanical
Custom
Parking Area ◊

x

9%

Parking Area Next to Building

250
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41%
50%

Physical Stats

Building Footprint
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

19.1
0.66

Site Layout

0%

Landscaping or Open Space
9%

Parking Area Next to Building

41%

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

50%

Actual Return
12.0%

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

13.9%

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$75

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$5.00

$

114,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$91,366

Fees / SDCs ◊
$0
$91,366

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,200

$ / sf

Sale Price per Square Foot

Unit Size
$150

Retail

$22.00

Annual, Triple Net

Office

$18.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$18.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$901,978.02
-$264,580.22
-$1,584,311.84
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Rent
$0

Sales Price
1,200

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.70

$180,000

$2,040

Building Prototype 9: Onion Creek Quadplex
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

4
4,466
17.0
0.53

0%

Landscaping or Open Space

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

8.9%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Onion Creek Quadplex

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

11,430
0.26

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

square feet
acres

100%

(enter percentage)

50%

(enter percentage)

2

Under-build ◊

75%

stories
(enter percentage)

Owner
Multifamily

Residential

Renter

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,000

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

gross square feet / worker

Office

gross square feet / worker

Industrial

gross square feet / worker

Public

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

1.75

space(s)/dwelling unit

Retail ◊

space(s)/1000 sf

Office ◊

space(s)/1000 sf

Industrial ◊

space(s)/1000 sf

Public

space(s)/1000 sf

Educational

space(s)/1000 sf

Hotel/Motel ◊

space(s)/room

Parking Type
Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.25

(number of levels)

% Used ◊

100%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.53

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

315

square feet

260

square feet

Mechanical

125

square feet

Custom

255

square feet

Parking Area ◊

315

Urban Perpendicular
Structured

15%

Parking Area Next to Building

x

323

50%

35%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

4
4,466
17.0
0.53

0%

Landscaping or Open Space
15%

Parking Area Next to Building

Net-to-Gross Reduction Area

50%

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

8.9%

Target Return
Project Rate of Return

35%

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$105

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$10.00

$

114,300

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$43,011

Fees / SDCs ◊
$0
$43,011

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,000

$ / sf

Sale Price per Square Foot

Unit Size
$364

Retail

Annual, Triple Net

Office

Annual, Triple Net

Industrial

Annual, Triple Net

Public

Annual, Triple Net

Educational

Annual, Triple Net

Hotel/Motel

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$5,000.00

Structured (above ground)
Underground
Internal (Tuck Under or Sandwich)
Mechanical

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$551,737.24
-$27,166.10
-$849,224.44
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Rent
$0

Sales Price
1,000

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.25

$364,000

$1,250

Building Prototype 10: Whisper Valley MF Apartment
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

17
20,783
21.0
0.68

0%

Landscaping or Open Space

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

12.1%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Whisper Valley Apartments

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

36,000
0.83

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

square feet
acres

100%

(enter percentage)

50%

(enter percentage)

2

Under-build ◊

90%

stories
(enter percentage)

Owner
Multifamily

Residential

Renter

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,200

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

605

gross square feet / worker

Office

300

gross square feet / worker

1,300

gross square feet / worker

750

gross square feet / worker

Industrial
Public
Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

1.00

space(s)/dwelling unit

Retail ◊

0.00

space(s)/1000 sf

Office ◊

0.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

0.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.00

(number of levels)

Parking Type

% Used ◊
Underground Parking ◊

Mechanical parking? ◊

0.00

(maximum number of levels to test)

0.18

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

260

square feet

Mechanical

125

square feet

255

square feet

Custom
Parking Area ◊

x

12%

Parking Area Next to Building

255

325

50%

38%

Physical Stats

Building Footprint
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

21.0
0.68

0%

Site Layout

Landscaping or Open Space
12%

Parking Area Next to Building

38%

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

12.1%

Target Return
Project Rate of Return

50%

Actual Return
12.0%
Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$90

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$10.00

$

360,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$162,671

Fees / SDCs ◊
$0
$162,671

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,200

$ / sf

Sale Price per Square Foot

Unit Size
$225

Retail

$22.00

Annual, Triple Net

Office

$18.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$18.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$2,200,547.12
-$51,957.36
-$3,211,824.29
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Rent
$0

Sales Price
1,200

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.25

$270,000

$1,500

Building Prototype 11: Onion Creek Apartment
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

19
16,175
13.5
0.31

0%

Landscaping or Open Space

Parking Area Next to Building
Net-to-Gross Reduction Area

Financial Stats

80%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

9.9%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Onion Creek Apartment/Condo

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

61,575
1.41

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

square feet
acres

100%

(enter percentage)

80%

(enter percentage)

3

Under-build ◊

85%

stories
(enter percentage)

Owner
Multifamily

Residential

Renter

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

850

sf

Retail

605

gross square feet / worker

Office

300

gross square feet / worker

1,300

gross square feet / worker

750

gross square feet / worker

Gross Area per Employee by Sector (Average) ◊

Industrial
Public
Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

1.00

space(s)/dwelling unit

Retail ◊

0.00

space(s)/1000 sf

Office ◊

0.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

0.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.00

(number of levels)

Parking Type

% Used ◊
Underground Parking ◊

Mechanical parking? ◊

0.00

(maximum number of levels to test)

0.15

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

260

square feet

125

square feet

255

square feet

Mechanical
Custom
Parking Area ◊

8% 12%

x

255
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Physical Stats

Building Footprint
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

13.5
0.31

0%

Site Layout

Landscaping or Open Space
8% 12%

Parking Area Next to Building
Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return

80%

12.0%

9.9%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$90

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$10.00

$

615,750

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$146,210

Fees / SDCs ◊
$0
$146,210

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

850

$ / sf

Sale Price per Square Foot

Unit Size
$225

Retail

$22.00

Annual, Triple Net

Office

$18.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$18.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$1,712,645.05
-$57,088.17
-$2,886,823.31
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Rent
$0

Sales Price
850

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.25

$191,250

$1,063

Building Prototype 12: T4MS Main Street
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

8
10
15,782
34.4
42.8
1.86

0%

Landscaping or Open Space

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

14.4%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

T4MS Main Street

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

10,000
0.23

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

square feet
acres

100%

(enter percentage)

20%

(enter percentage)

3

Under-build ◊

100%

stories
(enter percentage)

Owner
Multifamily

Residential

Renter

select residential type
select occupancy type

50%
Retail

50%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,000

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

945

gross square feet / worker

Office

gross square feet / worker

Industrial

gross square feet / worker

Public

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

0.90

space(s)/dwelling unit

Retail ◊

0.00

space(s)/1000 sf

Office ◊

space(s)/1000 sf

Industrial ◊

space(s)/1000 sf

Public

space(s)/1000 sf

Educational

space(s)/1000 sf

Hotel/Motel ◊

space(s)/room

Parking Type
Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.00

(number of levels)

% Used ◊
Underground Parking ◊

Mechanical parking? ◊

0.00

(maximum number of levels to test)

0.23

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

260

square feet

125

square feet

255

square feet

Mechanical
Custom

18%

Parking Area Next to Building

x

Parking Area ◊

255

329

20%

62%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

8
10
15,782
34.4
42.8
1.86

0%

Landscaping or Open Space
18%

Parking Area Next to Building
20%

Net-to-Gross Reduction Area

62%

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

14.4%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊

Balance Return on Investment ◊

Residential

$140

Retail

$140

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$16.00

$

160,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$175,851

Fees / SDCs ◊
$0
$175,851

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,000

$ / sf

Sale Price per Square Foot

Unit Size
$364

$32.00

Annual, Triple Net

Office

Annual, Triple Net

Industrial

Annual, Triple Net

Public

Annual, Triple Net

Educational

Annual, Triple Net

Hotel/Motel

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
Surface

$5,000.00

Structured (above ground)

$25,000.00

Underground

$40,000.00

Internal (Tuck Under or Sandwich)

$15,000.00

Mechanical

$55,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$2,599,386.90
-$35,509.48
-$3,472,059.21
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Rent
$0

Sales Price
1,000

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊
Retail

Parking Cost / Mo ◊

Unit Size
$1.50

$364,000

$1,500

Building Prototype 13: Onion Creek Retail
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

24
24,969
7.5
0.21

0%

Landscaping or Open Space

Parking Area Next to Building
Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

10.1%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Onion Creek Large Format Retail

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

142,681

square feet

3.28
Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

(enter percentage)

30%

(enter percentage)

1

Under-build ◊

acres

100%

stories

100%

(enter percentage)

Owner
None

select residential type

Residential

None

select occupancy type

Retail

100%

Office

0%

Industrial

0%

Public

0%

Education

0%

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,400

/ sq ft

Retail

1,200

gross square feet / worker

Office

300

gross square feet / worker

Industrial

700

gross square feet / worker

Public

400

gross square feet / worker

Gross Area per Employee by Sector (Average) ◊

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

6.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.00

(number of levels)

Parking Type

% Used ◊
Underground Parking ◊

Mechanical parking? ◊

0.00

(maximum number of levels to test)

1.68

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

x

400

square feet

315

square feet

260

square feet

Mechanical

125

square feet

Custom

255

square feet

Parking Area ◊

400

Suburban Perpendicular
Urban Perpendicular
Structured
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21%
49%
30%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

24
24,969
7.5
0.21

0%

Landscaping or Open Space

21%

Parking Area Next to Building

49%

Net-to-Gross Reduction Area

30%

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

10.1%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊

Balance Return on Investment ◊

Residential
Retail

$70

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$1.00

$

142,681

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$171,734

Fees / SDCs ◊
$0
$171,734

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,400

$ / sf

Sale Price per Square Foot

Unit Size
$120

Retail

$12.00

Annual, Triple Net

Office

$12.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$2,056,285.00
-$528,759.00
-$3,390,767.77
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Rent
$0

Sales Price
1,400

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$168,000

$2,450

Building Prototype 14: Lifestyle Retail
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

18
15,593
14.5
0.33

Landscaping or Open Space
25%

Parking Area Next to Building
Net-to-Gross Reduction Area

Financial Stats

33%

17%
25%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

9.4%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Lifestyle Retail

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

55,035

square feet

1.26

acres

Site net-to-gross ratio ◊

75%

(enter percentage)

Landscaping ◊

25%

(enter percentage)

Building height (stories)

1

Under-build ◊
Building Uses ◊

stories

100%

(enter percentage)

None

select residential type

None

select occupancy type

Owner

Residential

0%
Retail

100%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,400

/ sq ft

1,000

gross square feet / worker

Gross Area per Employee by Sector (Average) ◊
Retail
Office

gross square feet / worker

Industrial

gross square feet / worker

Public

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

space(s)/dwelling unit

Retail ◊

1.25

space(s)/1000 sf

Office ◊

space(s)/1000 sf

Industrial ◊

space(s)/1000 sf

Public

space(s)/1000 sf

Educational

space(s)/1000 sf

Hotel/Motel ◊

space(s)/room

Parking Type
Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.00

(number of levels)

% Used ◊
Underground Parking ◊

Mechanical parking? ◊

0.00

(maximum number of levels to test)

0.25

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

x

400

square feet

315

square feet

260

square feet

Mechanical

125

square feet

Custom

255

square feet

Parking Area ◊

400

Suburban Perpendicular
Urban Perpendicular
Structured
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Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

18
15,593
14.5
0.33

Landscaping or Open Space
25%

Parking Area Next to Building

Net-to-Gross Reduction Area

33%

17%

Financial Stats

25%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

9.4%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊

Balance Return on Investment ◊

Residential
Retail

$110

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$12.00

$

660,420

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$168,772

Fees / SDCs ◊
$0
$168,772

Residential Rent (Rental) ◊

$ / sf

Residential Sale Price (Owner) ◊

1,400

$ / sf

Unit Size

Sale Price per Square Foot

$18.00

Annual, Triple Net

Office

Annual, Triple Net

Industrial

Annual, Triple Net

Public

Annual, Triple Net

Educational

Annual, Triple Net

Hotel/Motel

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
Surface

$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$2,017,950.00
-$68,793.75
-$3,332,301.52
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Rent
$0

Sales Price
1,400

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊
Retail

Parking Cost / Mo ◊

Unit Size

Monthly Rent per Square Foot

$0

$0

Building Prototype 15: Retail 2:1 FAR
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

37
33,939
80.0
1.96

0%

Landscaping or Open Space

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

12.8%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Retail 2:1 FAR

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

20,000
0.46

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

square feet
acres

100%

(enter percentage)

20%

(enter percentage)

3

Under-build ◊

stories

100%

(enter percentage)

None

select residential type

None

select occupancy type

Owner

Residential

0%
Retail

100%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,000

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

945

gross square feet / worker

Office

gross square feet / worker

Industrial

gross square feet / worker

Public

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

0.00

space(s)/dwelling unit

Retail ◊

1.00

space(s)/1000 sf

Office ◊

space(s)/1000 sf

Industrial ◊

space(s)/1000 sf

Public

space(s)/1000 sf

Educational

space(s)/1000 sf

Hotel/Motel ◊

space(s)/room

Parking Type
Surface or Structured Parking

2.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.00

(number of levels)

% Used ◊
Underground Parking ◊

Mechanical parking? ◊

0.00

(maximum number of levels to test)

0.61

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

260

square feet

125

square feet

255

square feet

Mechanical
Custom

22%

Parking Area Next to Building

x

Parking Area ◊

255
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20%

58%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

37
33,939
80.0
1.96

0%

Landscaping or Open Space
22%

Parking Area Next to Building

58%

20%

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

12.8%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊

Balance Return on Investment ◊

Residential

$140

Retail

$140

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$16.00

$

320,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$358,785

Fees / SDCs ◊
$0
$358,785

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,000

$ / sf

Sale Price per Square Foot

Unit Size
$364

$25.00

Annual, Triple Net

Office

Annual, Triple Net

Industrial

Annual, Triple Net

Public

Annual, Triple Net

Educational

Annual, Triple Net

Hotel/Motel

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
Surface

$5,000.00

Structured (above ground)

$25,000.00

Underground

$40,000.00

Internal (Tuck Under or Sandwich)

$15,000.00

Mechanical

$55,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$4,860,759.49
-$520,795.66
-$7,083,982.34
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Rent
$0

Sales Price
1,000

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊
Retail

Parking Cost / Mo ◊

Unit Size
$1.50

$364,000

$1,500

Building Prototype 16: Low Rise Office
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

82
17,505
44.9
0.26

0%

Landscaping or Open Space

Parking Area Next to Building

26%

Net-to-Gross Reduction Area

Financial Stats

48%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

10.3%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Low Rise Office

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

80,000
1.84

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

square feet
acres

100%

(enter percentage)

48%

(enter percentage)

1

Under-build ◊

stories

100%

(enter percentage)

None

select residential type

None

select occupancy type

Owner

Residential

0%
Retail

0%

Office

100%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,400

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

650

gross square feet / worker

Office

250

gross square feet / worker

Industrial

700

gross square feet / worker

Public

400

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

3.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.00

(number of levels)

0.00

(maximum number of levels to test)

0.53

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

Parking Type

% Used ◊
Underground Parking ◊

Mechanical parking? ◊

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

260

square feet

Mechanical

125

square feet

255

square feet

Custom

26%

x

Parking Area ◊

255
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Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

82
17,505
44.9
0.26

0%

Landscaping or Open Space
26%

Parking Area Next to Building

26%

Net-to-Gross Reduction Area

Financial Stats

48%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

10.3%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊

Balance Return on Investment ◊

Residential
Retail

Sale Price

Office

Land Cost

Res. Rent

$175

Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$5.00

$

400,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$266,204

Fees / SDCs ◊
$0
$266,204

Residential Rent (Rental) ◊

$ / sf

Residential Sale Price (Owner) ◊

1,400

$ / sf

Unit Size

Sale Price per Square Foot

Retail

Annual, Triple Net

$26.00

Annual, Triple Net

Industrial

Annual, Triple Net

Public

Annual, Triple Net

Educational

Annual, Triple Net

Hotel/Motel

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
Surface

$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$3,603,960.40
-$247,128.71
-$5,256,018.15
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Rent
$0

Sales Price
1,400

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Office

Parking Cost / Mo ◊

Unit Size

Monthly Rent per Square Foot

$0

$0

Building Prototype 17: Onion Creek Low Rise Office
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

283
60,173
44.9
0.26

0%

Landscaping or Open Space

Parking Area Next to Building

26%

Net-to-Gross Reduction Area

Financial Stats

48%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

10.3%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Onion Creek Low Rise Office

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

275,000
6.31

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

square feet
acres

100%

(enter percentage)

48%

(enter percentage)

1

Under-build ◊

stories

100%

(enter percentage)

None

select residential type

None

select occupancy type

Owner

Residential

0%
Retail

0%

Office

100%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,400

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

650

gross square feet / worker

Office

250

gross square feet / worker

Industrial

700

gross square feet / worker

Public

400

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

3.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.00

(number of levels)

Parking Type

% Used ◊
Underground Parking ◊

Mechanical parking? ◊

0.00

(maximum number of levels to test)

0.53

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

260

square feet

125

square feet

255

square feet

Mechanical
Custom

26%

x

Parking Area ◊

255
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Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

283
60,173
44.9
0.26

0%

Landscaping or Open Space
26%

Parking Area Next to Building

26%

Net-to-Gross Reduction Area

Financial Stats

48%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

10.3%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊

Balance Return on Investment ◊

Residential
Retail

Sale Price

Office

Land Cost

Res. Rent

$175

Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$5.00

$

1,375,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$915,075

Fees / SDCs ◊
$0
$915,075

Residential Rent (Rental) ◊

$ / sf

Residential Sale Price (Owner) ◊

1,400

$ / sf

Unit Size

Sale Price per Square Foot

Retail

Annual, Triple Net

$26.00

Annual, Triple Net

Industrial

Annual, Triple Net

Public

Annual, Triple Net

Educational

Annual, Triple Net

Hotel/Motel

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
Surface

$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$12,388,613.86
-$849,504.95
-$18,067,562.41
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Rent
$0

Sales Price
1,400

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Office

Parking Cost / Mo ◊

Unit Size

Monthly Rent per Square Foot

$0

$0

Building Prototype 18: Office 3:1 FAR
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

128
93,926
139.2
2.77

0%

Landscaping or Open Space

Parking Area Next to Building

Financial Stats

15%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

7.8%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Office 3:1 FAR

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

40,000
0.92

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

square feet
acres

100%

(enter percentage)

15%

(enter percentage)

5

Under-build ◊

stories

100%

(enter percentage)

None

select residential type

None

select occupancy type

Owner

Residential

0%
Retail

0%

Office

100%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,400

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail
Office
Industrial
Public

605

gross square feet / worker

500

gross square feet / worker

1,300

gross square feet / worker

750

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

0.00

space(s)/dwelling unit

Retail ◊

0.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

0.00

space(s)/room

Surface or Structured Parking

3.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.50

(number of levels)

Parking Type

% Used ◊

100%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

4.40

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

315

square feet

260

square feet

Mechanical

125

square feet

Custom

250

square feet

Parking Area ◊

260

Urban Perpendicular
Structured

36%

49%

Net-to-Gross Reduction Area

x
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Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

128
93,926
139.2
2.77

0%

Landscaping or Open Space
Parking Area Next to Building

36%

49%

Net-to-Gross Reduction Area

Financial Stats

15%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

7.8%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊

Balance Return on Investment ◊

Residential
Retail

Sale Price

Office

Land Cost

Res. Rent

$175

Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$10.00

$

400,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$896,105

Fees / SDCs ◊
$0
$896,105

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,400

$ / sf

Sale Price per Square Foot

Unit Size
$110

Retail

$24.00

Annual, Triple Net

Office

$24.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$11,187,325.91
-$2,601,907.01
-$17,693,008.84
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Rent
$0

Sales Price
1,400

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$154,000

$2,450

Building Prototype 19: Onion Creek Industrial
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

36
51,152
2.3
0.09

0%

Landscaping or Open Space

Parking Area Next to Building

14%

9%

Net-to-Gross Reduction Area

Financial Stats

77%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

10.3%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Onion Creek Industrial

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

680,281

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

acres
(enter percentage)

77%

(enter percentage)

1

Under-build ◊

square feet

15.62
100%

stories

100%

(enter percentage)

None

select residential type

None

select occupancy type

Owner

Residential

0%
Retail

0%

Office

20%

Industrial

80%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,400

/ sq ft

Retail

1,000

gross square feet / worker

Office

1,000

gross square feet / worker

Industrial

2,000

gross square feet / worker

400

gross square feet / worker

Gross Area per Employee by Sector (Average) ◊

Public
Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

4.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

4.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.00

(number of levels)

Parking Type

% Used ◊
Underground Parking ◊

Mechanical parking? ◊

0.00

(maximum number of levels to test)

0.37

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

x

400

square feet

315

square feet

Structured

260

square feet

Mechanical

125

square feet

Custom

255

square feet

Parking Area ◊

400

Suburban Perpendicular
Urban Perpendicular
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Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

36
51,152
2.3
0.09

0%

Landscaping or Open Space
14%

Parking Area Next to Building

9%

Net-to-Gross Reduction Area

Financial Stats

77%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

10.3%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊

Balance Return on Investment ◊

Residential
Retail

$70

Office

$105

Industrial

Sale Price

Land Cost

Res. Rent

$65

Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$1.00

$

680,281

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$361,820

Fees / SDCs ◊
$0
$361,820

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,400

$ / sf

Sale Price per Square Foot

Unit Size
$120

Retail

$12.00

Annual, Triple Net

Office

$12.00

Annual, Triple Net

Industrial

$12.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$4,393,045.38
-$722,144.45
-$7,143,898.92

344

Rent
$0

Sales Price
1,400

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$168,000

$2,450

Building Prototype 20: Civic & Education
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

190
18,640
23.6
0.25

0%

Landscaping or Open Space

Parking Area Next to Building

29%

Net-to-Gross Reduction Area

Financial Stats

45%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

8.6%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Onion Creek Civic and Education

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

350,300
8.04

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

square feet
acres

100%

(enter percentage)

45%

(enter percentage)

1

Under-build ◊

85%

stories
(enter percentage)

Owner

Residential

None

select residential type

None

select occupancy type

0%
Retail

0%

Office

0%

Industrial

0%

Public

25%

Education

75%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,400

/ sq ft

Retail

1,000

gross square feet / worker

Office

600

gross square feet / worker

Industrial

900

gross square feet / worker

Public

500

gross square feet / worker

Educational

450

gross square feet / worker

Gross Area per Employee by Sector (Average) ◊

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

4.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

4.00

space(s)/1000 sf

Public

4.00

space(s)/1000 sf

Educational

4.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

0.00

(number of levels)

Parking Type

% Used ◊
Underground Parking ◊

Mechanical parking? ◊

0.00

(maximum number of levels to test)

0.56

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

Suburban Perpendicular

400

square feet

Urban Perpendicular

315

square feet

Structured

260

square feet

Mechanical

125

square feet

255

square feet

Custom

26%

x

Parking Area ◊

255
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Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

190
18,640
23.6
0.25

0%

Landscaping or Open Space
26%

Parking Area Next to Building

29%

Net-to-Gross Reduction Area

Financial Stats

45%

Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

8.6%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊

Balance Return on Investment ◊

Residential
Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public

$135

Educational

$135

Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$10.00

$

3,503,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$0

Fees / SDCs ◊
$0
$0

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,400

$ / sf

Sale Price per Square Foot

Unit Size
$120

Retail

$12.00

Annual, Triple Net

Office

$12.00

Annual, Triple Net

Industrial

$12.00

Annual, Triple Net

Public

$15.00

Annual, Triple Net

Educational

$15.00

Annual, Triple Net

Hotel/Motel

$0.00

Commercial Parking ◊

Daily, Average Room Rate
Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$11,841,622.25
-$1,052,588.64
-$19,959,953.87
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Rent
$0

Sales Price
1,400

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$168,000

$2,450

Building Prototype 21: Elevated SFD-Med
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
2,700
7.3
0.90

0%
0%

Landscaping or Open Space

Parking Area Next to Building
50%

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

Actual Return

IRR on Project Cost (Unleveraged Return)

12.0%

Owner Residential

0.0%

Target Return

Actual Return

Project Rate of Return

25.0%

14.4%

Physical Inputs
Project Info
Building Name ◊

Elevated SFD-Med

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

6,000

Site net-to-gross ratio ◊

100%

(enter percentage)

50%

(enter percentage)

square feet

0.14
Landscaping ◊
Building height (stories)

2

Under-build ◊
Building Uses ◊

90%

acres

stories
(enter percentage)

Owner
Single Family

Residential

Owner

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

2,700

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

650

gross square feet / worker

Office

350

gross square feet / worker

Industrial

700

gross square feet / worker

Public

400

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

3.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

1.00

(number of levels)

Parking Type

% Used ◊

37%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.69

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

x

400

square feet

315

square feet

Structured

260

square feet

Mechanical

125

square feet

Custom

250

square feet

Parking Area ◊

400

Suburban Perpendicular
Urban Perpendicular
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50%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
2,700
7.3
0.90

0%
0%

Landscaping or Open Space
Parking Area Next to Building
50%

50%

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

14.4%

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$50

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$5.00

$

30,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$21,469

Fees / SDCs ◊
$0
$21,469

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

2,700

$ / sf

Sale Price per Square Foot

Unit Size
$157

Retail

$24.00

Annual, Triple Net

Office

$24.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊

-$135,000.00

Parking Construction (Hard Costs) ◊

-$135,000.00

Total Project Costs ◊

-$370,634.64
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Rent
$0

Sales Price
2,700

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$423,900

$4,725

Building Prototype 22: Elevated SFD-High
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
1,440
8.7
0.72

0%
0%

Landscaping or Open Space

Parking Area Next to Building
Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

10.8%

Physical Inputs
Project Info
Building Name ◊

Elevated SFD-High

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

4,000

Site net-to-gross ratio ◊

100%

(enter percentage)

55%

(enter percentage)

0.09
Landscaping ◊
Building height (stories)

2

Under-build ◊
Building Uses ◊

80%

square feet
acres

stories
(enter percentage)

Owner
Single Family

Residential

Owner

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,800

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

650

gross square feet / worker

Office

350

gross square feet / worker

Industrial

700

gross square feet / worker

Public

400

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

2.50

space(s)/dwelling unit

Retail ◊

3.00

space(s)/1000 sf

Office ◊

4.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

2.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

1.00

(number of levels)

Parking Type

% Used ◊

56%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

0.70

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

x

400

square feet

315

square feet

Structured

260

square feet

Mechanical

125

square feet

Custom

250

square feet

Parking Area ◊

400

Suburban Perpendicular
Urban Perpendicular
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45%
55%

Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

1
1,440
8.7
0.72

0%
0%

Landscaping or Open Space
Parking Area Next to Building

45%
55%

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

Actual Return
12.0%

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

10.8%

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$55

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$7.00

$

28,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$12,333

Fees / SDCs ◊
$0
$12,333

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,800

$ / sf

Sale Price per Square Foot

Unit Size
$169

Retail

$24.00

Annual, Triple Net

Office

$24.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$25.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$79,200.00
-$72,000.00
-$219,780.51
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Rent
$0

Sales Price
1,800

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.75

$304,396

$3,150

Building Prototype 23: Elevated Townhomes
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

8
9,120
14.5
0.80

0%
0%

Landscaping or Open Space

Parking Area Next to Building
50%

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

0.0%

Target Return
Project Rate of Return

Actual Return
25.0%

13.9%

Physical Inputs
Project Info
Building Name ◊

Elevated Townhomes

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

22,800
0.52

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

acres
(enter percentage)

50%

(enter percentage)

2

Under-build ◊

square feet

100%

80%

stories
(enter percentage)

Owner
Semi-Detached / Townhome

Residential

Owner

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,200

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail

605

gross square feet / worker

Office

300

gross square feet / worker

1,300

gross square feet / worker

750

gross square feet / worker

Industrial
Public
Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

3.00

space(s)/dwelling unit

Retail ◊

0.00

space(s)/1000 sf

Office ◊

0.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

0.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

1.00

(number of levels)

Parking Type

% Used ◊

100%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

1.00

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

x

400

square feet

315

square feet

Structured

260

square feet

Mechanical

125

square feet

Custom

250

square feet

Parking Area ◊

400

Suburban Perpendicular
Urban Perpendicular
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50%

Physical Stats

Building Footprint
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

14.5
0.80

0%

Landscaping or Open Space

50%

Net-to-Gross Reduction Area
Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

50%

Actual Return
12.0%

0.0%

Target Return
Project Rate of Return

0%

Parking Area Next to Building

Financial Stats
Rental (Residential and Commercial)

Site Layout

Actual Return
25.0%

13.9%

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$75

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$5.00

$

114,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$89,478

Fees / SDCs ◊
$0
$89,478

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,200

$ / sf

Sale Price per Square Foot

Unit Size
$194

Retail

$22.00

Annual, Triple Net

Office

$18.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$18.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$684,000.00
-$456,000.00
-$1,551,075.79
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Rent
$0

Sales Price
1,200

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.70

$232,457

$2,040

Building Prototype 24: Elevated Apartment
Physical Stats
Housing Units / Hotel Rooms
Jobs
Net Rentable/Sellable Square Feet
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

Site Layout

Building Footprint

11
13,770
13.9
0.90

0%
0%

Landscaping or Open Space

Parking Area Next to Building
50%

Net-to-Gross Reduction Area

Financial Stats
Rental (Residential and Commercial)

Target Return

IRR on Project Cost (Unleveraged Return)

Actual Return
12.0%

Owner Residential

12.1%

Target Return
Project Rate of Return

Actual Return
25.0%

N/A

Physical Inputs
Project Info
Building Name ◊

Elevated Apartments

Units of Measurement

US Customary

Currency

USD

Project Location ◊

Austin, TX

Site Inputs
Site area ◊

36,000
0.83

Site net-to-gross ratio ◊
Landscaping ◊
Building height (stories)

Building Uses ◊

acres
(enter percentage)

50%

(enter percentage)

2

Under-build ◊

square feet

100%

90%

stories
(enter percentage)

Owner
Multifamily

Residential

Renter

select residential type
select occupancy type

100%
Retail

0%

Office

0%

Industrial

0%

Public

0%

Education

0%

Hotel/Motel

0%

Commercial Parking

0%

Total (Check)

100%

Average Residential Unit Size
User-defined Avg. Residential Unit Size ◊

1,200

/ sq ft

Gross Area per Employee by Sector (Average) ◊
Retail
Office
Industrial
Public

605

gross square feet / worker

300

gross square feet / worker

1,300

gross square feet / worker

750

gross square feet / worker

Educational

gross square feet / worker

Hotel/Motel (Area per Employee)

gross square feet / worker

Hotel/Motel (Room Size)

net square feet / room

Commercial Parking

gross square feet / worker

Parking Requirements
Parking Spaces Per Dwelling Unit, Hotel Room or 1,000 sf of Commercial Area
Residential ◊

3.50

space(s)/dwelling unit

Retail ◊

0.00

space(s)/1000 sf

Office ◊

0.00

space(s)/1000 sf

Industrial ◊

0.00

space(s)/1000 sf

Public

0.00

space(s)/1000 sf

Educational

0.00

space(s)/1000 sf

Hotel/Motel ◊

0.00

space(s)/room

Surface or Structured Parking

1.00

(number of levels)

Internal Parking (Tuck Under or Podium) ◊

1.00

(number of levels)

Parking Type

% Used ◊

99%

Underground Parking ◊

Mechanical parking? ◊

Percent Used (internal parking check, if only parking type)

0.00

(maximum number of levels to test)

1.00

levels will maximize site without surface or structured parking

0.00

actual underground levels after factoring underbuild

no

Parking Layout
Mark choice with "X"

Square feet per space ◊

x

400

square feet

315

square feet

260

square feet

Mechanical

125

square feet

Custom

255

square feet

Parking Area ◊

400

Suburban Perpendicular
Urban Perpendicular
Structured
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50%

Physical Stats

Building Footprint
Housing / Hotel Room Density (Per Acre)
Job Density (Per Acre)
FAR ◊

13.9
0.90

0%

Landscaping or Open Space

50%

Net-to-Gross Reduction Area
Target Return

IRR on Project Cost (Unleveraged Return)
Owner Residential

50%

Actual Return
12.0%

12.1%

Target Return
Project Rate of Return

0%

Parking Area Next to Building

Financial Stats
Rental (Residential and Commercial)

Site Layout

Actual Return
25.0%

N/A

Basic Financial Inputs
Construction Costs Per Square Foot or Per Space (Core, Shell and Improvements) ◊
Residential

Balance Return on Investment ◊
$90

Retail

Sale Price

Land Cost

Res. Rent

Office
Industrial
Public
Educational
Hotel/Motel
Commercial Parking (Per Space) ◊

Land / Site Cost

$ / sf

Land and Improvement Cost per Square Foot ◊

Total
$10.00

$

360,000

Development Offsets ◊

Subsidy

Potential Public Revenue ◊

Test Subsidy ◊

$0

% of Total Project Cost

10-Year Property Taxes ◊

Detailed Subsidy (from Leveraging Tools tab)

$0

0%

$163,653

Fees / SDCs ◊
$0
$163,653

Residential Rent (Rental) ◊

$ / sf

Monthly Rent per Square Foot
Residential Sale Price (Owner) ◊

1,200

$ / sf

Sale Price per Square Foot

Unit Size
$225

Retail

$22.00

Annual, Triple Net

Office

$18.00

Annual, Triple Net

Industrial

$10.00

Annual, Triple Net

Public

$18.00

Annual, Triple Net

Educational

$0.00

Annual, Triple Net

Hotel/Motel

$0.00

Daily, Average Room Rate

Commercial Parking ◊

Hourly, Average per Space

Parking Costs Per Space ◊
$3,000.00

Structured (above ground)

$12,000.00

Underground

$35,000.00

Internal (Tuck Under or Sandwich)

$20,000.00

Mechanical

$45,000.00

Basic Financial Outputs
Building Construction (Hard Costs) ◊
Parking Construction (Hard Costs) ◊
Total Project Costs ◊

-$1,458,000.00
-$810,000.00
-$3,231,216.00
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Rent
$0

Sales Price
1,200

Commercial Rent per Square Foot (Except Hotel/Motel and Commercial Parking) ◊

Surface

Parking Cost / Mo ◊

Unit Size
$1.90

$270,000

$2,280

APPENDIX F: HAZUS INVENTORY INFORMATION USED FOR REFERENCE
Texas Default Mapping Scheme, Building Type
Occupancy

Total

Wood

Masonry

Concrete

Steel

Manufactured
Housing

RES1

100

89

11

0

0

0

BldgType
Assumption Used for
Modeling
WOOD

RES2

100

0

0

0

0

100

MANUFHOUSING

RES3A

100

75

25

0

0

0

WOOD

RES3B

100

75

25

0

0

0

WOOD

RES3C

100

75

25

0

0

0

WOOD

RES3D

100

75

25

0

0

0

WOOD

RES3E

100

75

25

0

0

0

WOOD

RES3F

100

75

25

0

0

0

WOOD

COM1

100

30

30

10

30

0

STEEL

COM4

100

30

30

10

30

0

WOOD

IND1

100

0

5

25

70

0

STEEL

GOV1

100

15

33

17

35

0

MASONRY

Texas Default Mapping Scheme, Foundation Type
Basement
5
5
5
5
5
5
5
5

Occupancy
RES1
RES2
RES3A
RES3B
RES3C
RES3D
RES3E
RES3F

Crawl
38
38
38
38
38
38
38
38

COM1
COM4
IND1
GOV1

Slab
57
57
57
57
57
57
57
57
100
100
100
100

FLFoundationType assumption used for modeling
7
7
7
7
7
7
7
7
7
7
7
7

Hazus Damage Curves: GOV1 versus EDU1
Occupancy
GOV1
EDU1

Stories
Low
Rise
Low
Rise

4
ft

3
ft

2
ft

1
ft

0
ft

1
ft

2
ft

3
ft

4
ft

5
ft

6
ft

7
ft

8
ft

9
ft

10
ft

11
ft

12
ft

13
ft

14
ft

15
ft

16
ft

17
ft

18
ft

19
ft

20
ft

21
ft

22
ft

23
ft

24
ft

0

0

0

0

0

5

8

13

14

14

15

17

19

22

26

31

37

44

51

59

65

70

74

79

83

87

91

95

98

0

0

0

0

0

5

7

9

9

10

11

13

15

17

20

24

28

33

39

45

52

59

64

69

74

79

84

89

94
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Glossary of Acronyms
APA – American Planning Association
CBG – Census Block Group
CB – Census Block
CDMS – [Hazus] Comprehensive Data Management System
COA – City of Austin (TX)
CWQZ – Critical Water Quality Zone
ET – Envision Tomorrow Scenario Planning / Geodesign Software
ETJ – Extra Territorial Jurisdiction
EPA – US Environmental Protection Agency
FAR – Floor-Area Ratio
FEMA – US Federal Emergency Management Agency
GI – Green Infrastructure
GIS – Geographic Information Systems
GSI – Green Stormwater Infrastructure
Hazus – Disaster Loss Estimation Software developed by FEMA
HU – Housing Unit
I-35 – Interstate Highway 35, which runs north-south through central Austin
IRB – Institutional Review Board
NLCD – National Land Cover Dataset
PSS – Planning Support Systems (i.e. Planning Support Tools)
RMMA – Robert Mueller Municipal Airport
SF – Single Family
SFD – Single Family Dwelling
356

UN – United Nations
UNISDR – United Nations International Strategy for Disaster Resilience
US – United States
USACE – US Army Corps of Engineers
WPO – City of Austin Watershed Protection Ordinance
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