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Abstract
Sustainable Disaster Resilience: Incorporating Hazard Mitigation
Methodologies into LEED for Neighborhood Development

Phillip Michael Gordon, M.S.C.R.P.
The University of Texas at Austin, 2010

Supervisor: Robert Paterson

Abstract: In this professional report LEED for neighborhood development
(LEED-ND) is analyzed through the lens of disaster resilience and mitigation. The new
LEED-ND certification system recently created by the U.S. Green Building Council
looks to be a popular method to create sustainable developments. LEED-ND as a system
does not take hazards into account when certifying projects. Using HAZUS and hazard
assessment methodologies LEED-ND is shown to do almost nothing to mitigate hazard
losses. This is seen using the example of two hazard types (fire and earthquake). Since
LEED-ND does not address hazards within the context of its system it is shown that
LEED-ND is neither truly sustainable nor disaster resilient. Given the current trend of
increasing hazard losses initiatives such as LEED-ND will have to address the issue of
hazards moving forward.
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Chapter 1: Introduction
INTRODUCTION
DISASTER. It strikes anytime, anywhere. It takes many forms -- a hurricane, an
earthquake, a tornado, a flood, a fire or a hazardous spill, an act of nature or an act
of terrorism. It builds over days or weeks, or hits suddenly, without warning.
Every year, millions of Americans face disaster, and its terrifying consequences
(FEMA, 2009a).
Losses associated with natural disasters are continuing to rise. According to the
Center for Research on the Epidemiology of Disasters (CRED) the economic losses due
to natural hazards in the United States equaled over 57 billion dollars in 2008 (Rodriguez,
Vos, Below, & Guha-Sapir, 2009: 9). With continued development in vulnerable areas,
these numbers are likely to trend even higher in the future. It is evident that local and
federal governments have, by and large, failed to adequately address this escalating
problem. Given the failures of government, it is becoming increasingly the responsibility
of individuals to ensure that their homes and business are out of harm’s way.
Disaster resilience is a part of a larger trend toward sustainability. With the recent
trend toward environmental sustainability, the Leadership in Energy and Environmental
Design (LEED) rating system has become an important, and popular, initiative that can
be used by the private sector to increase a given building’s or development’s
sustainability. The LEED and now LEED for Neighborhood Development (LEED-ND)
systems, however, focus almost exclusively on the environmental sustainability of a
building or development.

In this Professional Report I will explore the utility of
1

introducing a hazard mitigation rating system into the existing LEED-ND framework to
create a more sustainable outcome for the LEED-ND program.
The US Green Building Council (USGBC) created the various LEED systems to
provide:
third-party verification that a building or community was designed and built using
strategies aimed at improving performance across all the metrics that matter
most: energy savings, water efficiency, CO2 emissions reduction, improved
indoor environmental quality, and stewardship of resources and sensitivity to their
impacts (Emphasis added, USGBC, 2009a).
It appears that, for what it is, LEED has done an effective job at meeting the above goals.
Energy savings of 25-30% above the national average has been reported in LEED
constructed buildings (Turner, Analyst, Council, & Owens, 2008). This is not at all
conclusive as LEED buildings have also been shown to use more energy (Newsham,
Mancini, & Birt, 2009). Another important thing to note is that the overall market
penetration of LEED is currently small but is growing rapidly (Yudelson & Fedrizzi,
2008). It has become quite clear that the listed metrics are not all the metrics that matter
most. Hazard mitigation is a metric that is not dealt with very well in the LEED system.
This lack of attention to natural hazards is creating buildings and developments that may
well be overly susceptible to a wide range of hazards. In this professional report, LEEDND will be analyzed through the lens of hazard identification and mitigation to see how it
performs on a very important, and yet often forgotten, sustainability metric, hazard
exposure and the losses that result from that.
Due to the success of LEED for New Construction (LEED-NC) the USGBC set
out to create a wide range of LEED systems. One of these new systems is LEED for
2

Neighborhood Development (LEED-ND). LEED-ND is a collaboration between the
USGBC, Congress for the New Urbanism (CNU), and the Natural Resource Defense
Council (NRDC) (USGBC, 2009b). Much like LEED in general, LEED-ND was created
to promote sustainable development among a wide range of metrics. LEED-ND does this
through a system of credits and prerequisites that present a “menu” of available choices
to make better neighborhoods. A certain amount of credits are needed from the “LEEDND menu” for the project to qualify as a certified development. While LEED for New
Construction (LEED-NC) concentrates mostly on increasing sustainability and decreasing
energy uses through building materials, LEED-ND focuses on the entire development site
taking into account various factors such as site selection, land conservation, brownfield
development, transit connectedness, mixed uses, and habitat conservation (USGBC,
2009b). LEED-ND takes a broader view in determining where and how medium and
larger scale developments should be built. Because of this LEED-ND is a good candidate
for the inclusion of land-use based hazard mitigation measures.

BRIEF HISTORY OF LEED-ND
Shortly after the U.S. Green Building Council’s (USGBC) formation in 1993, the
group began working on the Leadership in Energy and Environmental Design (LEED)
certification system(USGBC, 2009a, 2009b, 2009c) . This early schema was released in
1998(USGBC, 2009c).

The first LEED systems focused primarily on construction

methods and energy efficiency as the only metrics for which a building could be “green.”
The program has quickly evolved to incorporate many different ratings systems. At the
3

end of 2009 USGBC finalized a new ratings system called LEED-ND. This system did
not just look at the construction methods of buildings, but rather looked at development
more holistically, paying more specific attention to site selection, design, and
infrastructure than ever before (USGBC, 2009c).
LEED-ND is divided into three different major sections: smart location and
linkage (SLL), neighborhood pattern and design (NPD), and green infrastructure and
buildings (GIB).

Within each section there are “prerequisites” and “credits.”

A

“prerequisite” is just as it sounds, something that must be done regardless of the other
“credits” taken. “Points” are earned by incorporating certain elements of a “credit” into
the neighborhood development. When a development meets a certain level of “points”
spread across a number of “credits,” it can be certified as a LEED-ND development.
There are currently four levels of certification: certified, silver, gold, and platinum. Each
level requires more “points” and “credits” than the previous level with “platinum” being
the most difficult to obtain.

This system is now poised to be the benchmark for

sustainable development in the United States and perhaps the world. As such, it is vital
that recommendations be made to improve the system wherever feasible. In order to fix
something that is wrong, one must know what is wrong.

THE CASE FOR HAZARDS BEING INCLUDED IN LEED-ND
Disaster losses as recorded in dollars have been increasing at an exponential rate
over the past few decades (Figure 1) (Disasters, 1999; Rodriguez, et al., 2009;
Weichselgartner & Sendzimir, 2004). Hazard mitigation is the process of attempting to
4

lesson the impacts of disasters on life, property, and the environment. The emphasis on
these different areas is what makes hazard mitigation an obvious component in any
sustainability paradigm. Sustainability tries to combine at least three different areas of
development that can be thought of as being in opposition: economic, equity, and
environment. Hazard mitigation attempts to address all three of those areas in different
ways. First, hazard mitigation addresses social equity by preventing the loss of life, as
well as differential exposure to hazard risks due to lesser resources or power in society,
which is a major issue in the social justice arena since hurricane Katrina. Second, hazard
mitigation addresses economic sustainability by reducing the amount of money expended
on disaster response and recovery. Hazard mitigation also reduces disruptions to local
economies and major disruptions to everyday life from disasters.

Finally, hazard

mitigation increases environmental sustainability by reducing the damage to natural
areas, reducing development in sensitive zones, and protecting environmentally sensitive
features that in many ways can reduce the impacts of natural hazards (e.g. dunes,
wetlands, and steep slopes). The focus of this professional report will be the economic
sustainability of various planning-based hazard mitigation techniques on LEED-ND
developments. This does not however lessen the importance of environmental or equity
concerns.
EQUITY AND LEED-ND	
  
While the focus of this overall project is not the issue of social justice and equity
as it relates to hazards and hazard mitigation, it is nevertheless important to address the
5

issue of social equity as it relates to LEED-ND as a whole and to consider what effect
hazard mitigation measures will have on it. LEED-ND seems to address social equity
goals in three broad ways. Mixed-income and diverse communities, affordable housing,
and close proximity to jobs are all areas within LEED-ND that, either implicitly or
explicitly, aim to help normally disenfranchised individuals (USGBC, 2009c). LEEDND does this in the same manner in which it addresses most other issues, through
individually assigned credits.
One of the major focuses of LEED-ND is on mixing incomes to create diversity.
The intent of Neighborhood Pattern and Design (NPD) Credit 4 (mixed-income diverse
communities) is “to promote socially equitable and engaging communities by enabling a
wide range of economic levels, household sizes, and age groups to live in a community”
(USGBC, 2009c). The commitment of the USGBC to this particular credit appears to be
quite strong. One of the subsections of this credit focuses specifically on affordable
housing, where a developer can get up to 3 credits by meeting certain affordability
percentages. Overall a developer can receive up to 7 credits in just this section, which is
over 17% of the credits a development needs to be certified at the most basic level. In
fact there are only three other sections that meet or exceed the amount of credits that a
developer can receive from NPD credit 4.
A second focus of LEED-ND which has equity benefits is the Smart Location and
Linkages (SLL) Credit 3 (Locations with Reduced Automobile Dependence). In this
section a developer can receive up to 7 credits for having, among other things, at least
50% of the development located within a quarter-mile walking distance of bus or
6

streetcar stops and one half-mile walking distance of light, or heavy rail stops (USGBC,
2009c). This is of course a benefit to individuals who don’t or can’t own a personal
automobile, which increases social equity. There are also other available credits in other
sections of LEED-ND for encouraging multi-model transit and access.
Finally LEED-ND has credits available for developments with affordable housing
components which are located within one half-mile of a significant number of full time
jobs (USGBC, 2009c). This places developments with affordable housing components in
very close proximity to potential employers. This of course does not ensure jobs for
anyone living in the development, but does provide access and possible opportunities that
are closely located.
The total possible credits available for a LEED-ND development for equity
reasons are 17. This accounts for over 42% of the total credits a development needs to be
LEED-ND certified at the most basic level. This seems to indicate a somewhat serious
attempt by the USGBC to include the “forgotten e” of equity in their certification of
sustainable projects. Hazard mitigation can only serve to enhance the equity of LEEDND developments further by decreasing the vulnerability of projects that already
distribute incomes and classes throughout the entire development rather than
concentrating poverty in specific sections. It is the concentration of poverty that leads to
blatant environmental justice disasters such as the toll poverty-stricken African
Americans experienced in Hurricane Katrina (Gabe, Falk, McCarty, & Mason, 2005;
Stivers, 2007).

7

Holloway and others have argued that land-use based hazard mitigation actions
could reduce the amount of developable land thereby increasing housing costs and
worsening equity outcomes (Burby, et al., 1988). This is a valid critique, but if the
aftermath of Hurricane Katrina has taught us anything, it is that doing nothing is perhaps
even worse. LEED-ND is of course only one piece of the puzzle. If the USGBC
incorporates hazard mitigation credits, the residents of LEED-ND developments will be
better off than they would have been otherwise.

PROJECT SCOPE
There are two primary points of clarification in regards to project scope that must
be stated. First, this professional report (PR) will only use LEED-ND as vehicle to
explore the paradigm of sustainable development. Second, only two hazards will be
discussed, wildfire and earthquake. Of those two hazards, only certain aspects will be
addressed. The purpose is not to “define” the LEED-ND hazards criteria as it would be
exactly implemented. Instead the purpose is to explore important factors in wildfire and
earthquake hazards as a starting point for “negotiations” among the various LEED-ND
advisory board members as the rating system gets updated and re-evaluated.
This project will deal almost exclusively with LEED-ND. It is understood that
there are many other types of LEED rating systems, including LEED Home, LEED
Commercial Shell, and New Construction (USGBC, 2009b). While it might well be ideal
for all versions of LEED to include the consideration of hazards, the analysis of other
LEED paradigms is outside the scope of this professional report. LEED-ND is the focus
8

of this report for two primary reasons. First, it is the newest of the ratings systems, and
as such it is the most potentially receptive to the suggestions herein. Second, it is a
neighborhood scale system. This makes LEED-ND a perfect focus for urban planners as
most of the credits have to do with land-use decisions and their applications rather than
the architectural and engineering solutions found in some of the other ratings systems,
specifically LEED for New Construction.

Only currently certified LEED-ND pilot

projects will be used in this report. Also, the latest LEED-ND rating system will be used
as the basis for the analysis of the LEED-ND credit paradigm. Both of these items serve
the functional purposes of seeing how LEED-ND performs (or will perform) in real
world situations.
The two hazards that will be primarily addressed in this PR are earthquake and
wildfire. These two hazards were chosen for three reasons. First, they represent a good
mix of hazard and scope.

Wildfires and wildland urban interface (WUI) fires are

localized disasters. Earthquakes tend to be more wide ranging in scope and effect.
Second, the methodology of calculating losses from these hazards is different. Third, the
two hazards affect different parts of the country.

Wildfire can and is a problem

everywhere. While earthquake hazards are primarily located on the west coast and in the
New-Madrid fault area.
Of the two hazards that will be discussed in this PR, only certain damaging
aspects of each of those hazards will be discussed. Three aspects of wildfire hazard
damage will be explored: firebrands, direct heating (both convection and conduction),
and slope exposure. The four different earthquake hazard mechanisms will be: ground
9

shaking, liquefaction, fault rupture, and landslides.

There are of course other

mechanisms in relation to wildfire and earthquakes that cause damage. Mechanisms such
as very strong and dry winds, drought, fire induced landslides, tsunamis, and cooccurrence factors like gas and electrical fires are important and can cause significant
damage, but will not be covered in this report.
Nevertheless it is important to briefly address these mechanisms as well as
address why they are being excluded. Strong, dry winds are often a precipitating factor
in the spread and severity of wildfires (Albini, 1976; Pagni, 1993). One of the most
famous fires in modern history, the Oakland firestorm, was at least partially caused by
fast, dry winds (Pagni, 1993). Drought increases available fuels which translates into an
increase in occurrence and severity of wildland fires (Westerling, Hidalgo, Cayan, &
Swetnam, 2006). Fire can increase the likelihood of landslides by removing vegetation
from slopes (Cannon & Gartner, 2005). Tsunamis can be caused by earthquakes and can
do extensive damage to costal areas as seen in the December 26, 2004 Indian Ocean
tsunami (Levy & Gopalakrishnan, 2005). Co-occurrence in disasters is also common.
Earthquakes in particular are known to wreak havoc on infrastructure and cause fires
(Zhen-dong, Shi-zhou, & Jiang-rong, 2003). While these damage functions are important
and do contribute to hazard losses, they are either not the primary factor in damage losses
(i.e. co-occurrence) or they are hazards worthy of their own thorough analyses (i.e.
tsunamis). In both cases for the sake of clarity these hazards have been left out of this
report. That does not mean, however, that they are not worthy of consideration into a
LEED-ND type paradigm.
10

METHODOLOGY
Two different methodologies will be implemented to explore the impact that
hazard mitigation measures can have on the sustainability of LEED-ND developments.
The first methodology that will be used is a preliminary hazard identification of currently
certified LEED-ND sites. This part of the report looks specifically at wildfire and
earthquake exposure as it relates to these hazards in their various forms. Three fire
hazard types will be identified through various fire maps and fire mitigation plans as
wildland-urban interface, general wildland fire risk, and exposure to aloft firebrands.
Three earthquake hazard types will be examined and measured through various shake
maps as general earthquake exposure, peak ground acceleration, and liquefaction
susceptibility.

The second part of the analysis will use HAZUS software that will

calculate the potential earthquake damage to a particular development under different
scenarios measured in percentage of the development lost or damaged. Also, while
slopes play a roll in the damage potential of both hazards, they are not calculated using
either methodology due to the lack of available data. However, slope related damage is
considered in various other areas of the PR as a hazard that can be managed through
multiple means.

11

Chapter 2: Literature Review
INTRODUCTION
Mitigation focuses on breaking the cycle of disaster damage, reconstruction, and
repeated damage. Mitigation efforts provide value to the American people by
creating safer communities and reducing loss of life and property (FEMA, 2009d).
The literature on hazard mitigation takes many different forms. In this chapter, I
will be focusing on four different broad subsets of the literature. First to be covered will
be the topic of hazard mitigation as a method of sustainability. Second will be the land
use planner’s general approach to hazards. The third subset of literature will be the more
engineering oriented approach to hazard mitigation. The fourth will be how the LEEDND paradigm handles the issue of hazards. These areas encompass most of the relevant
literature for this professional report.

It should not be assumed that any of these

approaches are implemented in a vacuum.

Several of the following mitigation

approaches are used quite harmoniously in various places around the world. They are
separated here for the ease of both the author and the reader. While hazard mitigation
and sustainability go hand-in-hand, the current LEED-ND development paradigms do
little to address the ongoing issue of private and public monetary losses from hazards.1 In
order to effectively address the hazards issue, LEED-ND must take an all hazards
approach to hazards, similar to the approach FEMA takes (FEMA, 2009c).

1

Monetary losses are only one metric by which hazards can be measured. While monetary losses are the
focus of this paper, other losses, such as life and environmental damage, are no less important and yet are
mostly outside the scope of this project.
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HAZARD MITIGATION AS SUSTAINABILITY
To many the idea of hazard mitigation as a part of sustainable development is
assumed. However, with disaster losses growing at a near exponential rate during the last
century and into this century, it appears that the idea of mitigation as sustainability has
not caught on in the mainstream (Disasters, 1999; Weichselgartner & Sendzimir, 2004)
Sustainability is, in general, the ability of people to live without affecting future people’s
ability to do the same. Disaster losses are quickly reaching levels that are becoming
harder and harder to manage. Figure 1 shows the magnitude of the problem with disaster
losses escalating at an exponential rate.

Figure 1: Center for Science and Technology Policy Research, University of Colorado
(Center for Science and Technology Policy Research, 2006).
13

Researchers, because of the escalating costs, are asking policy makers for a
broader shift in policy toward “sustainable hazard mitigation” (Godschalk, Beatley, &
Berke, 1998; Mileti & Peek-Gottschlich, 2001; Weichselgartner & Sendzimir, 2004).
The question of why disaster losses are increasing is not easily answered, though there
appear to be three primary factors: increased vulnerability of objects, national settlement
patterns, and weak local mitigation practices (Mileti & Peek-Gottschlich, 2001)
(Weichselgartner & Sendzimir, 2004).2 Object vulnerability is an important factor that
has contributed to the recent increases in disaster losses seen in the United States. The
increased vulnerability of objects is harder to measure but has to do with the increase in
non-resilient technology in society. For example, if a computer or television gets wet,
one cannot just dry it out or use parts of it, it is a total loss (Weichselgartner & Sendzimir,
2004). Non-resilient technology is something that is hard, if not impossible, to regulate
in any meaningful way.
The effects of national settlement patterns on hazard vulnerability have to do with
the phenomenon of people moving to hazardous areas. Due to a variety of factors
including climate, job opportunities, etc., people are moving toward more hazard prone
areas, such as the coasts, at an ever-increasing rate (Burby, 1998; Mileti & PeekGottschlich, 2001; Weichselgartner & Sendzimir, 2004). This is a primary factor that is
cited in most hazard literature as to why disaster losses have increased in recent years.

2

Co-occurrence is common among hazards. Recently burnt out areas creating landslide potential, and
earthquakes causing gas fires are examples of disaster co-occurrence and are all too common features of
disasters. Due to the inherent complexity of these issues, common co-occurrences will not be expressly
discussed here.
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Unfortunately, nationwide settlement patterns are very difficult to change. In some
instances people will endure any risk for the opportunity at a better life.
Local hazard mitigation practices, however, can be changed and enforced fairly
easily, compared to the other two. “Disasters happen locally” is the common refrain of
emergency management and mitigation professionals in the United States (FEMA,
2009c; Weichselgartner & Sendzimir, 2004). Weak local mitigation practices happen for
a variety of reasons including public apathy, lack of will among locally elected officials,
and the adoption of policies that can even encourage hazardous development3
(Godschalk, Beatley, et al., 1998; May & Deyle, 1998). Despite the fact that local
mitigation may be the best way to stem the tide of disaster losses, it is because of the
reasons previously stated that very little has been done. Recent disasters have done very
little in helping to motivate the politicians and populace to take more action regarding
hazard mitigation. Luckily there is currently an increase in attention being paid amongst
academicians to disaster losses and an ever-growing literature of ideas to tackle the
thorniest problems of mitigation.

THE LAND USE PLANNER’S STANDARD APPROACH TO HAZARD MITIGATION
In General
The planner’s method for mitigating hazards varies depending on the actual
hazard that may happen. There are several methods that planners can use to mitigate
hazards (or aid in mitigating hazards). First, because a planner's approach is so context
3

I would contend that the various hazard insurances are in large part responsible for this trend. It is
however outside of the scope of this project to study this phenomenon further.
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dependant, hazard identification and assessments are the first and vital steps in the hazard
mitigation process (Burby, 1998; Godschalk, Beatley, et al., 1998). Once the hazard is
identified there are various methods that a land use planner can use to mitigate hazards.
Certain land use controls can be applied to hazards in general, while other controls are
used to deal with specific hazards. This professional report focuses on two hazards in
particular: Fire and Earthquake.

Defensible space, wildland urban interface (WUI)

issues, and slope controls are specific land use controls a planner can implement to
mitigate fire hazards. Microzonation, density limits, and fault mapping are useful land
use controls for earthquakes. The above can also be subdivided as general and hazard
specific.

HAZARD IDENTIFICATION AND ASSESSMENTS
Hazard identifications and assessments are valuable simply because they give one
an idea of what types of hazards are likely to happen in a given area. When speaking of
hazard assessments, it is important to first get the various terminologies defined.
According to Deyle et al., hazard assessments are usually organized into three separate
levels of refinement: hazard identification, vulnerability assessment, and risk analysis
(Deyle, French, Olshansky, & Paterson, 1998).

Hazard identification defines the

likelihood and magnitude of an event in a certain geological area. A vulnerability
assessment characterizes the various property and populations that are exposed to a given
hazard and the extent of harm or damage that may result from a specific hazard in a
certain geographic area. Finally, a risk analysis estimates the likelihoods of various
16

levels of damage, which provides a more refined description of the various possible
hazards in a given geographic area (Deyle, et al., 1998).
While the identification of hazards is a first step in the process of mitigating
damage from disaster events, it does nothing to actually mitigate any potential threats.
As Deyle, et al. aptly put it, “Hazard identification does not, by itself, provide the
rationale for taking land use management initiatives” (Deyle, et al., 1998). Knowing that
there is a risk, knowing the extent of that risk, and then knowing how to develop in light
of that risk are three entirely different things. That being said, hazard identification does
provide important information that can give an overview of hazard exposure that can then
be used to guide decisions on further analyses.

General Land Use and Density Controls
There are certain generic tools that land use planners have to mitigate hazards.
Land use and density controls, in general, can be very effective at mitigating disasters.
Land use controls such as: zoning, setbacks, development standards and restrictions,
transfer of development rights (TDR), and building codes are just the tip of the proverbial
iceberg when it comes to keeping people from living or working in harm’s way
(Olshansky & Kartez, 1998). Outside of zoning, densities can be controlled through a
variety of methods including: floor area ratio (FAR) restrictions, transfer of development
rights (TDR), height restrictions, limiting access to infrastructure, eminent domain,
property condemnation and acquisition, and using various overlays. The Institute of
Business and Home Safety (IBHS) is at the forefront of demanding a land use approach
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to hazard mitigation (Institute for Buisness & Home Saftey, 2010). However, despite the
IBHS efforts, there is as of now no unified land use guidance policy for mitigating
hazards; the system as it stands today is a patchwork one (May & Deyle, 1998; Mileti &
Peek-Gottschlich, 2001).

Land Use and Fire
There are three specific controls planners can implement to specifically mitigate
WUI risks. First, is implementing requirements for “defensible space” around homes or

Figure 2: The Home Ignition Triangle (Cohen Wildland-Urban Fire-fig. 3)
developments.

Second, is to encourage building and development away from the

Wildland-Urban Interface (WUI).

The third is to implement planning controls and

requirements to keep buildings off of high slope areas.
18

“Defensible space” is considered one of the most effective mitigation techniques
in use today (Bright, Burtz, & Bellingham, 2004). The reason why “defensible space” is
as effective as it has been is because it removes one of the two primary ignition factors
that destroy homes. The two factors that primarily influence whether or not a structure
ignites are proximity and the fuel characteristics of the home (Figure 2) (Cohen, 2000b).
“Defensible space” removes the home from the source of potential ignition by keeping a
buffer area (often 100-200 feet) around the home clear of easily ignitable materials
(Figure 3) (Cohen, 2008).

Information and resources are available to individual

homeowners and planners that promote “defensible space” from Firewise Communities,
among others (Firewise Communities, 2010).

Figure 3: The home ignition zone refers to a homes potential to ignite in a given
radius (Cohen, 2008).
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Much concern now lies with the wildland-urban interface (WUI). Due to sprawl
and many other factors, new development is being placed on and in the fringe of wildland
areas. This creates a situation in which there is an abundance of available fuel (dead
vegetation) and occupied homes in very near proximity (Cohen, 2000b, 2001; Theobald
& Romme, 2007). Planners can tackle this problem of proximity in two different ways.
The first way to mitigate is to limit development in the wildland-urban interface
(Theobald & Romme, 2007). The second way is by creating “defensible space” as
previously stated.

These are relatively new paradigms for WUI fire control.

Fire

suppression historically, and in many ways presently, is the primary method of mitigating
WUI hazards (Cohen, 2008). The evidence is beginning to indicate, however, that the
fire suppression approach is insufficient and so other methods should be implemented
(Cohen, 2008).
The third and less obvious development danger is building on high slope areas.
Slopes are dangerous due to three primary factors: slope areas are prone to updrafting
wind conditions that can accelerate fires, overhanging stilt porches and homes create
vulnerable surfaces for fire ignitions, and areas with high slopes can delay first
responders arriving at the scene (Institute for Buisness & Home Saftey, 2001). Planners
can institute development restrictions on slopes over a certain degree which will lessen
the vulnerability of structures and aid in emergency response. Planners can also institute
overlay restriction on stilt structures or at the very least require that vegetation be
removed from the underside of porches and structures.
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Land Use and Earthquakes
Earthquakes cause damage through a number of methods. The primary methods
that earthquakes cause damage are: ground shaking (primarily P waves and S waves),
liquefaction, landslides, fault rupture, tsunamis, and fires4 (Gore, 2009; McNally, 2005).
There are three primary tactics land use planners can use to mitigate development
damage from earthquakes.

Planners can use fault mapping, microzonation, and

development and density restrictions to help to mitigate earthquake damage. The first
two are passive mitigation techniques of utilizing information. Development and density
restrictions, on the other hand, are an active technique that can utilize the information
gained in the previous two techniques.
Fault mapping (along with hazard identification) is the first and most basic stage
for mitigating earthquake hazards. It is impossible to mitigate a hazard that you don’t
know is there. Fault mapping is just what it sounds like, the mapping of seismically
active faults in a given area. California has been the leader in the United States in
mapping faults since the Alquist-Priolo Earthquake Fault Zoning Act of 1972 and the
Seismic Hazards Mapping Act of 1990 (both have been recently amended) (Berke &
Beatley, 1992; C. California Geological Survey, 2007). These acts should be considered
a model or at least a starting point for fault mapping in the United States.
Microzonation is the identification of areas having different earthquake hazard
potentials (Ansal, Tonuk, & Kurtulus, 2009). This is not to be confused with fault

4

This professional report will be concentrating primarily on ground shaking and liquefaction with fault
rupture and landslides being secondary.
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mapping. Fault mapping indicates what fault features are likely to cause an event over a
specified amount of time. Microzonation goes deeper to determine susceptibility to
intense ground shaking, liquefaction, and landslides given site specific features such as
topography, soil type, ground moisture, etc. (Ansal, et al., 2009).

Microzonation

accounts for one of the two primary, non-event specific controlling factors that influence
earthquake damage losses, one being site selection and the other being structural
hardening features (Ansal, et al., 2009). Microzonation studies are recommended for
areas that have been previously fault mapped. Ansal et al. recommend a three-stage grid
system process. The first stage is that the study be conducted for a 475-year return
period, which corresponds to a 10% chance of exceedance in 50 years (Ansal, et al.,
2009). It is probably easiest to think of this as the seismologist’s or earthquake scientist’s
version of the 100-year flood plain. The second stage profiles and models the soil based
on soil analyses (Ansal, et al., 2009).

The third stage estimates the earthquake

characteristics on the ground surface (Ansal, et al., 2009). These three stages result in a
microzonation map of an area. This can be used both as a paradigm of a suitability
analysis with respect to building placement and as a way to determine the vulnerability of
the existing building stock (Ansal, et al., 2009). A potential problem with microzonation
is that the standard cell study size is 250 m x 250 m, which may be too broad to rely on
for granular site-specific features. For example, the town of Portola Valley in California
requires a geotechnical soil analyses for any new construction or major renovations. This
approach to land use regulation received national attention as being a leader in hazard
mitigation (Association of Bay Area Governments, 2007).
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The third, and no less important, planning tool in mitigating earthquake damage is
regulating development intensity and density. Higher density development puts more
people, buildings, and materials in harm’s way compared to conventional sprawl
development (Berke, Song, & Stevens, 2009). City densification leads to the escalation
of the complexity, interconnectedness, and extent of earthquake related damage
(Comerio, 2004). Great thought and care must be taken into account when densifying an
earthquake prone area.

Depending on the area, it may actually be beneficial to

discourage population density. However, in areas affected by earthquakes, simply due to
the large amount of land involved, growth restrictions may prove impractical, unpopular,
and likely both (Comerio, 2004). On the other hand, specific zoning restrictions that are
narrow in scope can be a mitigation tool by limiting growth (Comerio, 2004). One
should wonder if it is possible to ever solve this dilemma. It is easy to remedy once one
realizes that there is no dilemma in the first place. Any restrictive zoning should be used
as part of a broader strategy and should not be relied upon as the only method of
mitigation.

ENGINEERS’ APPROACH TO HAZARD MITIGATION
In General
In its most simple form, the engineering approach to mitigating any hazard is
structural. Ansal, Tonuk, and Kurtulus state simply that, “with an appropriate design it is
possible to construct any type of building anywhere as desired” (Ansal, et al., 2009, p.
140).

While being at least part hubris, Ansal et al. do drive the point home that
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engineering tends to concentrate principally on the structure. That is not to say that
engineers are not cognizant of site-specific issues such as fault mapping and
microzonation (Ansal, et al., 2009). Rather, it appears to be the case that site information
is used as a means for creating long lasting and safe structures through technology. The
following two sections, the first on fire, and the second on earthquake, will introduce the
basic techniques that engineers use to mitigate those individual hazards.

Engineering and Fire
In broadest terms, there are two ways to mitigate fire damage: remove flammable
vegetative fuel from around the structure or make the structure unable to burn. Ideally
both of these methods would be implemented. "Defensible space" has already been
explained at some length previously. This section will then address the ignitability of
various structure types and materials.

There are a vast number of techniques that

engineers can use to mitigate fire damage. For the purpose of this report I will divide
these into three different structural paradigms that require mitigation: roofs/shingles,
overhanging structures, and exterior walls.

Primary resources for plain-language

engineering fire mitigation standards are the National Fire Protection Association’s
(NFPA) document 1144 standards (National Fire Protection Association, 2008).
Roofing is of particular importance as a protection against airborne firebrands.
Depending on wind conditions, firebrands can ignite a roof from as far as a mile or more
(Institute for Buisness & Home Saftey, 2001). Roof shingles should be constructed so as
to withstand both airborne firebrands and direct flame exposure for a certain length of
24

time (National Fire Protection Association, 2008). The NFPA's document 256 outlines
how to test various roofing materials against different fire types (National Fire Protection
Association, 2003). Document 256 also establishes a rating system for roofing materials.
It is recommended that roofs have a rating of "C" or better and be constructed of a 1-hour
fire resistance-rated material (Institute for Buisness & Home Saftey, 2001; National Fire
Protection Association, 2003). Underwriters Laboratory tests and certifies a number of
building materials to meet similar guidelines to NFPA document 1144 (Underwriters
Laboratories, 2009).

Combining proper roofing materials with "defensible space"

clearances of at least 18 meters has been shown to create a 95% chance of structure
survival (Cohen, 2000b; Howard, North, Offensend, & Smart, 1973). Treated wood
shake and wood shingles quickly lose their fire resistance (E. Smith, Christopherson, &
Adams, 1994). Unfortunately wood shake roof shingles are still all too common and pose
a great hazard to homes.
Another major concern for engineered fire mitigation is overhanging structures on
slopes. Fires travel faster and higher up steep slopes. Fire sizes of up to two times and
speeds of up to one and one half times have been seen on sloped areas (National Fire
Protection Association, 2008). Given fire's propensity to travel and build on sloped
areas, it is vital that any overhanging structures be properly constructed of fire resistant
materials, and all underlying vegetation be removed (National Fire Protection
Association, 2008). The NFPA specifically recommends "noncombustible materials,
fire-retardant-treated wood… or be a 1-hour fire-rated assembly"(National Fire
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Protection Association, 2008).

These recommendations apply regardless of the

overhanging structure's type (patio or main house, etc.).
The third area of concern for engineered home mitigation is the exterior walls of
the structure. Vertical exterior walls are often overlooked in construction due to the
importance placed (rightly so) on roofing materials.

Vertical walls should not be

forgotten, however, as they constitute the last best defense a structure has against fire.
According to the NFPA recommendations exterior walls should be of a minimum 20minutes fire rating, ignition sensitive materials, or fire-retardant-treated wood (National
Fire Protection Association, 2008). In addition "all exterior walls shall be protected with
2in solid blocking between exposed rafters and all roof overhangs"(National Fire
Protection Association, 2008). Exposed windows must also have a fire rating of no less
than 20-minutes or be tempered or multilayered (National Fire Protection Association,
2008). While the previous list is by no means exhaustive, it represents some of the
easiest and most proven methods to technologically protect structures from wildfires.

Engineering and Earthquake
Mitigating earthquake damage is a more complex topic due to the various means
by which earthquake damage is caused. Ground shaking, fault rupture, liquefaction, and
landslides are all different kinds of earthquake damage mechanisms.

To further

complicate matters, buildings can themselves cause damage by knocking into or falling
onto adjacent structures. In the interests of clarity and simplicity this will be a very
general overview of the basic engineered methods of mitigating seismic damage to
26

buildings. The three key structural areas to developing earthquake resistant buildings are
building material, foundation type, and building complexity. The regulation of buildings
in any area of the United States is through a system of building codes. Some areas of the
U.S. (primarily California) have specific building codes to address seismic hazards
(Comerio, 2004; Douglas, 1979). This codification offers much general protection for
earthquake damage that is not seen in areas of the world with no (or unenforced) codes
(Comerio, 2004). There can be no clearer example of this phenomenon than the recent
earthquakes in Haiti.
Different building materials react differently to earthquake stresses. In general,
more ductile or elastic materials respond to earthquake stressors better than more brittle
materials (Multidisciplinary Center for Earthquake Engineering Research, 2010). Ductile
materials such as steel, aluminum, and wood tend to survive better in earthquakes than
bricks and concrete (Multidisciplinary Center for Earthquake Engineering Research,
2010). Concrete reinforced with steel is a very common construction technique due to its
cost effectiveness to strength ratio, but risk of failure under seismic stresses is
considerably higher than other materials such as steel or wood cladding.
The type of foundation and manner of foundation construction are another area
that can potentially determine the survivability of a structure. There are many methods
for constructing damage resistant foundations. Two that are considered resistant are
elevated building foundation (EBF) and pile foundations (Bertero, 1997; Shustov, 2004).
EBF is a relatively new technology and may be too expensive for serious consideration in
general building stock use. Pile foundations however have been used for a number of
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years to great effect (Bertero, 1997). The primary benefit of pile foundations is their
relative resistance to ground liquefaction (Bertero, 1997).
The final area of construction that can affect a building's survivability in an
earthquake is the complexity of the structure itself. In general, the simpler the design of
the structure, the better able it is to resist the forces of earthquakes (Bertero, 1997).
Simpler foundation types and structure shapes are less likely to contain severe stress
points that are far more likely to result in structure failure (Bertero, 1997). While this has
been nowhere near an exhaustive list of engineering measures for earthquake resilience, it
does serve as a very crude introduction to the various “levers” engineers can and do
“pull” to create more resilient structures. For a more technical elucidation of the sample
engineering techniques laid out here refer to the National Earthquake Hazard Reduction
Provisions (Building Seismic Saftey Council, 2003).

LEED-ND AND HAZARD MITIGATION5
In General
It is important to make clear from the outset that LEED-ND and LEED in general
is not primarily concerned with hazard mitigation.

The LEED-ND guidelines do

however address some things from a mitigation perspective, primarily floods (USGBC,
2009b). The guidelines also show some benefit for other hazards in an indirect way, for
example slope restrictions (USGBC, 2009b). While LEED-ND is the current leader in
accredited sustainably designed developments, one could argue that if LEED-ND took a
5

For a more in depth analysis of the current LEED-ND guidelines and their effect on hazard mitigation
please refer to Chapter 4. What is in this chapter is just a broad contextual overview.
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more robust view towards hazard mitigation, the system as a whole would be far more
sustainable than it is now. However, it is important to start by identifying in broad terms
what LEED does to mitigate hazards currently. LEED-ND explicitly mitigates flood
hazard and implicitly mitigates some landslide and slope fire hazard. The LEED-ND
program remains mute on most other hazards.

Flood
The strongest and arguably only direct hazard mitigation action in the LEED-ND
program is floodplain avoidance. According to the standards it is a prerequisite (i.e. a
mandatory action) that new development cannot build in the floodplain (USGBC, 2009b,
2009c). The only exception to this is in infill sites. However, all infill construction in the
floodplain must meet the National Flood Insurance Program guidance and any critical
facility must be constructed to be fully operational up to the 500-year flood event
(FEMA, 2010; USGBC, 2009b, 2009c). That is all LEED-ND does to directly mitigate
hazard losses.

Slope
While slope protections are given in the LEED-ND program to protect sensitive
habitat and protect against runoff and other externalities, this section does, albeit
indirectly, give some wildfire and earthquake protection (USGBC, 2009c). No new
construction can take place on slopes of over 15% (USGBC, 2009c). This is beneficial
from a hazards perspective in that it minimizes the intensity of development that can
29

happen in hilly areas. Also, slopes of less than 15% are normally easier for firemen and
other first responders to get to in the event of a disaster. The gentler the slope the less
chance there is for exposed balconies and houses to catch on fire (Institute for Buisness &
Home Saftey, 2001; National Fire Protection Association, 2008). Also, the gentler the
slope, the slower fire travels (Firewise Communities, 2010; Institute for Buisness &
Home Saftey, 2001; National Fire Protection Association, 2008).

Figure 4: Success of Various Mitigation Paradigms Against Hazard Sub-Type. Phillip
Gordon, 2010
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General Discussion of the Table
Figure 4 illustrates the general points that have been made in this chapter so far.
On the X-axis there are the two major hazards and their most damaging components. On
the Y-axis are the three general paradigms that can be used to mitigate those hazards.
The general information presented in this chapter appears to bear out the information
presented in Figure 4. Urban planning appears to have the most reliable tools for
mitigating damage from natural hazards (at least in terms of hazard avoidance). This is
done through many mechanisms but chiefly through hazard avoidance and identification.
Engineering is somewhat equipped to deal with mitigating hazards. Engineers attempt
with some success, to mitigate hazards by building better, stronger, damage resistant
structures. Finally, LEED-ND as a paradigm appears to do very little to mitigate fire and
earthquake hazards. This is not at all surprising since LEED-ND does not claim to
mitigate those hazards. One could go so far as to accuse me of a bit of a straw man
argument in this case. The point is not to show how bad LEED-ND is at doing something
it does not claim to do (i.e. mitigate hazards). The point is to show that LEED-ND is not
doing nearly as good a job at what it does claim to be doing well (i.e. promote
sustainability) because disaster resilience is part of sustainability. A more in depth
analyses of LEED-ND’s role in hazard mitigation can be found in Chapters Three and
Four. As shown in Figure 1, it is imperative that society looks at hazard mitigation as
sustainability to stem the tide of disaster losses, both economic and environmental. The
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remainder of this report will look at LEED-ND and determine if it does a bad job at
promoting sustainability because of its lack of attention to hazard mitigation. A system
for the inclusion of hazard mitigation into LEED-ND will then be proposed.
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Chapter 3: Performance of LEED-ND in Relation to Hazards
INTRODUCTION
A resilient…community is one in which residents understand…hazards and
potential impacts and are prepared to respond to these factors with timely and
holistic management strategies (Bureau of Land Management, 2010; Creating
Resilient Communities, 2007).
In order to explore how hazard mitigation can improve the sustainability of a
development one must examine: 1) if there are identified hazards that may impact the
site, 2) whether these hazards have a certain likelihood of occurring, and 3) whether the
losses from those hazards are significant. In this chapter, recently certified LEED-ND
Pilot Projects will be analyzed according to their exposure to fire and earthquake hazard.
Also, a single development was analyzed using HAZUS to look at earthquake damages
resulting from various scenarios using differing magnitude earthquakes and liquefaction
potentials. This two-pronged approach is useful in that it establishes both how many
developments are exposed to earthquake and fire hazards and what type of damage at
least one of those hazards might cause.

This analysis will show that LEED-ND

developments currently have significant identified exposure to earthquake and fire
hazards, and this exposure could result in significant damage. Furthermore, the HAZUS
analysis will show that, at least for earthquake hazards, the damage to structures is not
insignificant. Thus USGBC should incorporate them into the LEED-ND system in order
to make it a truly sustainable development system.
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Figure 5: Geographic Distribution of all certified Pilot LEED-ND projects in the
continental United States. Created using Google Earth.
METHODOLOGY
Hazard Identification
Hazard identification is the process of locating hazardous areas and estimating
probability and magnitudes of hazardous events (or their sub events such as liquefaction
for earthquakes, etc.) (Godschalk, Kaiser, & Berke, 1998). In order to see what the
general exposure of the certified LEED-ND pilot projects is to fire and earthquake
hazards, I looked at each site individually and using various sources was able to identify
the exposure of the sites to two primary hazards and five total sub hazards.
For the purposes of this project, fire exposure is measured by determining if the
site is either in: 1) the wildland-urban interface, 2) a wildland hazard area as identified in
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a local or state map or plan, or 3) a firebrand risk area. The WUI exposure is calculated
by determining if, using Google Earth, dense vegetative fuels are within 200-feet of a
development (developments with dense vegetative canopy are considered as wildland for
this study). This analysis does not differentiate between occluded, classic, or mixed WUI
areas; all are deemed to be wildland-urban interface areas. Wildland hazard areas are
determined by the status given to them by the relevant municipalities either in their fire
plans, hazard mitigation plans, or forest service plans. The firebrand risk area is an area
that is within a one-mile radius of a densely wooded or vegetated area. One mile is the
distance that is common for firebrands to travel aloft given appropriate wind conditions
(Institute for Buisness & Home Saftey, 2001). In the continental United States there are
currently 50 certified LEED-ND pilot projects. Of those at least 16, or 32%, of them
have some exposure to fire hazard as identified with the above parameters.
For the purpose of this project earthquake exposure is measured by determining if
the site is in an identified earthquake zone and has a peak ground acceleration (PGA)
(%g) with a 10% probability of exceedance in 50 years of 10% or above (Berke &
Beatley, 1992; California Geological Survey, 2007; Gore, 2009; Shustov, 2004).
Correspondingly the site is determined to be in a liquefaction area if it is in an earthquake
area with a PGA of 10% or above and has been identified as being in an area with
liquefaction potential with actual identified potential of moderate or above. There are 19,
or 38%, of LEED-ND sites with exposure to earthquakes with a PGA of above 10%.
There are 8 of the 19, or 42%, of sites with earthquake exposure that have liquefaction
potential of moderate or higher.
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HAZUS
The Hazards United States (HAZUS) software was used to calculate the damage
potential of a LEED-ND site that is currently undergoing construction in Hercules,
California6. This site was chosen for three primary reasons: it is in a very earthquake
prone area of the country, it has exposure to liquefaction hazards, and, being located in
California, is already subject to some of the more stringent building codes in the country.
This last point is important to partially remove poor building codes as a variable7. The
site-specific data about location, construction cost, soil type, liquefaction potential, and
fault location and depth was inserted into HAZUS8. Models were run for 12 different
scenarios all at a depth of 10 kilometers along the Hayward Fault (strike slip) with an
epicenter approximately 8 kilometers away from the development:
Scenario 1 - Magnitude 7.0 event using high building codes9
Scenario 2 - Magnitude 7.0 event using very high building codes
Scenario 3 - Magnitude 7.5 event using high building codes
Scenario 4 - Magnitude 7.5 event using very high building codes
Scenario 5 - Magnitude 8.0 event using high building codes

6

The total cost of the development has not been published. Instead I calculated an approximate
construction cost using RS Means online construction estimating software.
7 This really only applies to buildings constructed after 1975 when the more stringent building codes took
effect.
8 HAZUS only calculates earthquake hazard at the census tract level and not in smaller units. Due to this
software limitation the development was inserted as a single structure at a fixed location. This is not an
insurmountable problem since the important point here is the relative difference in the amount of damage
rather than the actual damage pattern across multiple buildings.
9 “High” and “Very High” or designations used by HAZUS. For the purposes here “High” should be seen
as corresponding roughly to the current post 1975 California building codes. “Very High” refers to
providing a building with maximum ductility and maximum strength building codes.
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Scenario 6 - Magnitude 8.0 event using very high building codes.
All of the above scenarios were run again with the development's liquefaction
susceptibility modeled which is very high.

The data outputted from the HAZUS

modeling gives the percentage of damage done to the development's structures on a scale
of none to complete. Data about the operation capacity of the development after an event
was also extracted on a scale from day 1 to day 90.

DATA ANALYSIS
Wildfire Hazard Identification
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Table 1: List of projects with exposure to wildfire hazard by at least one metric.
Data from (Bureau of Land Management, 2010; California Department of Forestry and
Fire Protection, 2007a, 2007b, 2008, 2009; City of Portland Office of Emergency
Management, 2005; Colorado State Forest Service, 2004; Idaho Bureau of Homeland
Security, 2007; Northern Virginia Regional Commission, 2006; Oregon State Interagency
Hazard Mitigation Team, 2009; Town of Chapel Hill, 2004) Google Earth.
The above table illustrates the sixteen LEED-ND certified sites that have
exposure to wildfire hazard by at least one metric. Only one of the above sites is actually
within 200 feet of a forested area (in this case next to an occluded development), which
makes it the only WUI site. While it is good overall that only one LEED-ND site is
within the WUI, it is not because of LEED-ND that more are not. LEED-ND does place
some emphasis on infill development (USGBC, 2009c), however, LEED-ND also places
emphasis on agricultural land avoidance as well (USGBC, 2009c).

This may and

probably will serve to help drive more developments to the wildland-urban interface, not
less. Even though LEED-ND currently only has one development directly in the WUI
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there is every reason to believe that more will follow unless something is done.
Individual developments may also grow themselves into a WUI area if defensible space
measure are either not maintained or implemented. Dense vegetation grown within a
development creates an occluded development situation, which is largely the same as
building into the classic WUI area (Pagni, 1993).
Other than properties in the WUI, the other most troubling metric is the amount of
properties that are within one mile of the WUI and therefore have at least moderate
exposure to aloft firebrands. Of the sites that are exposed to firebrands, there are five
sites located in both a wildfire risk area as stated in various plans and maps and are also
within one mile of the WUI. This is potentially even more problematic because there
tend to be very few rules for developments in terms of wildland fire protection unless
they are in the WUI regardless of what their downwind exposures. Also, given the cost
of some of these developments, which can in at least one instance be well over 250
million dollars, even risk exposure of 10% of LEED-ND units to significant fire damage
is too much. Also, if one structure ignites, that structure becomes exactly like a wildland
area in that it can ignite nearby vegetation and structures. This would not be a problem if
defensible space measures were implemented in developments that were not in the WUI.
This is currently not the case with LEED-ND. This can be especially worrisome for
LEED-ND developments as density is emphasized. The more density, the closer the
buildings are to each other; the closer building are to each other the greater the chance of
cross ignitions. This will of course translate into more damage, which then results in less
sustainable outcomes. In fact according to Cohen, the Structure Ignition Assessment
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Model (SIAM) predicts that firebrands and burning adjacent structures are more likely to
result in an ignition than surrounding vegetation (Cohen, 1995).
While the identification of these hazards may not directly translate into a cause of
action, they should at least give pause to supporters of the LEED-ND system as it
currently is. Additional studies and hazard assessments should be done for at least the
most exposed of the sites with regard to fire hazard. As things currently are the claim
that the above sites are “sustainable” because they are LEED-ND is tenuous at best from
a hazards perspective.
Earthquake Hazard Identification
Nineteen total currently certified LEED-ND pilot projects are in an area with
significant earthquake hazard potential (Figure 6). For the purposes of this project, peak
ground acceleration (PGA) of 10% or greater is considered a significant hazard. As seen
in Figure 3 nearly every state has some exposure to earthquakes. However, with the
exception of the New Madrid and the Charleston, South Carolina area, the most
significant earthquake activity is west of the Rocky Mountains. Half of the exposed
LEED-ND sites are in California. Not only do these sites account for half of the LEEDND earthquake exposed sites, but they are the most exposed sites with PGA’s above 25%
with one site being over 70%. This is both good and bad. This is good because
California by-and-large has some of the best laws and building codes for earthquake
hazards in the United States. It is bad because the other areas of the country that are not
in California that still have significant earthquake hazard exposure are often neglected,
especially the New Madrid Fault and Charleston, S.C. areas.
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This underscores the

importance of a unified system like LEED-ND that could apply to all areas of the
country. It also points to a potential flaw in the system. LEED-ND currently incentivizes
high development intensities and densities. This could mean more people living within a
high hazard zone. Even the sites in California are not as well protected as they could be.
Many of these sites also have significant liquefaction exposure.

Figure 6: LEED-ND sites exposed to peak ground accelerations of 10% or higher. Data
from (California Department of Conservation, 2003; California
Geological Survey, 2007; Charleston County, 2009; City of Portland
Office of Emergency Management, 2005; Idaho Bureau of Homeland
Security, 2007; National Atlas of the United States, 2009; Oregon State
Interagency Hazard Mitigation Team, 2009; United States Geological
Survey, 2010) and Google Earth.
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Figure 7: National Earthquake Risk Map as Measured by Peak Ground Acceleration with
10% Probability of Exceedance in 50 Years (National Atlas of the United
States, 2009).

Table 2: List of LEED-ND sites with exposure to earthquake and, in some cases,
liquefaction hazard.
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Nineteen LEED-ND certified pilot projects are exposed significantly to
earthquake hazard. This accounts for 38% of all currently certified LEED-ND sites in the
continental United States.

Of those nineteen, nine of them have both a significant

exposure to earthquake hazards and moderate or greater exposure to liquefaction as well.
18% of all sites in continental North America are exposed to significant earthquake and
liquefaction hazard. As one can see from the above table, the sites in the Bay Area are
most at risk although all of the sites have some reason for concern. The amount of
potential losses in those nineteen sites stands to be in the several hundred million dollars
(if not significantly more).

From a sustainability perspective it is troubling that a

“sustainable” development paradigm can overlook hazard mitigation. It is important to
note that some building codes do help mitigate hazards. Going the additional step of
mitigating hazards through land use planning and development controls would only serve
to improve the existing building codes.
In California most people probably know there is a risk of earthquakes every day.
Outside of California or the west coast, knowledge about earthquake exposure may be
somewhat limited. This creates even more value in requiring hazard identifications so
that people and developers both know the risks they are exposed to and are able to take
steps to address those risks. LEED-ND could be an effective vehicle for that. Currently
LEED-ND cannot truly be the sustainable solution it claims to be while having 38% of all
currently certified pilot projects exposed significantly to earthquake hazards. Even more
troubling is the fact that nearly 50% of all currently certified pilot projects are exposed to
either fire or earthquake hazards, with a great many of those exposed to both. Keep in
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mind also that this project is only looking at fire and earthquake and not the many other
disasters that could potentially affect these sites, none of which (except for flood) are
dealt with in any way within LEED-ND.

HAZUS ANALYSIS
Hercules, CA
Hercules California is a small town on the coast near the San Francisco Bay Area
in Contra Costa County. The proposed development examined for this report is called
Hercules Bayfront and lies right on the coast. The development is slated to have over
1,300 residential units, 134,000 sq. ft. of flex space, 90,000 sq. ft. of retail, 115,000 sq. ft.
of office space, and a 125 room hotel (Opticos Design, 2010). Details of the exact cost of
development have not been released, however by using RSMeans software, I was able to
calculate the cost of the development to be approximately 250 million dollars. The exact
dollar amount is not important, as it is just a figure to show the scale of the development.

Analysis
HAZUS is a program that is often used for the purpose of risk assessments in
hazard mitigation plans as well as for other types of analyses. HAZUS is used here to
calculate the potential damage (in terms of the percent of the development damaged at
various levels) that the development in Hercules California might experience as a result
of various identified hazard scenarios. The purpose of this analysis is to show what an
increase in the required building code will do in terms of damage prevented. The more
44

damage that is prevented, the less money and materials that must be used in repairs and
reconstruction, which directly translates into a more sustainable building.
Table 3 shows the difference in the amount of damage done via a number of
measures. First, for each magnitude of earthquake there are “High Class” and “High

Table 3: Hypothetical Percentage of Functional Damage done to the Development.
Analysis computed using HAZUS-MH.
Special” building codes. “High Class” codes represent current California building codes,
while “Special High” codes represent above California code. These are measured at
magnitude 7, 7.5, and 8 events both with and without liquefaction10. According to the
HAZUS calculations the difference between the percent of damage done to the
10

It is important to note that this area has a liquefaction potential labeled as “Very High” by the USGS and
California Geological Survey as referenced in Table 2. As such the HAZUS models that include
liquefaction are the more relevant ones. The models for earthquake alone serve as a way to emphasize how
much of a difference liquefaction can make to the damage profile.
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development under the two different hazard types is 12% less in the “extensive” category
for the 8.0 liquefaction event. 12% less severe damage may not sound like much,
however, the calculated cost of this development is over 250 million dollars. In that scale
12% can make a very large difference. This only shows direct damage. HAZUS also
calculated the amount of time it would take a certain percentage of the development to be
functioning at full capacity (Table 4).
Where Table 3 can be seen as a general barometer for direct losses, Table 4 can

Table 4: Hypothetical Percentage of Development Functioning at Full Capacity within a
Variable Timeframe. Analysis computed using HAZUS-MH.
be seen as relating to indirect losses, specifically how fast the development will recover
and be operating normally. In the maximum damage scenario (8.0 magnitude with
liquefaction) 15% more of the development is functioning at 30 days than under the
standard code. That results in 15% less revenue being generated or 15% loss in revenue,
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which again, on something of this scale is a very significant loss. Not only is it lost
revenue but that also translates into 15% of the available units being unlivable. While it
is important to know the impact that stricter building codes could have on a
development's sustainability profile, the LEED-ND rubric I have proposed addresses
land-use strategies as well as engineered ones.
While the potential savings in dollars from higher building codes is significant, it
pales in comparison to the amount of damage that could be mitigated through the
avoidance of the liquefaction hazard on this site.

Figure 8 shows the liquefaction

susceptibility of the Hercules area. The red refers to very high liquefaction susceptibility
and the green is low susceptibility. Comparing the area in Figure 8 to Figure 9, the
Hercules Bayfront development is almost entirely situated on the very high liquefaction
area that has resulted from what appears to be alluvial deposits from the stream that flows
to the bay. If this development were moved 600 or so yards in any direction it would be
in a low or moderate susceptibility area. Instead the development is at very high risk of
sustaining very significant damage in the event of a 7.0 or higher earthquake.
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Figure 8: Enlarged view from Bay Area Liquefaction Map (United States Geological
Survey, 2006).

Figure 9: Map of the Hercules Bayfront Development area. Reproduced from
(Waterfront Now, 2010).
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CONCLUSION
Certified LEED-ND pilot projects have significant exposure to both wildfire and
earthquake hazards.

The hazard identification presented in this chapter shows that

LEED-ND certified sites are making the same mistakes as any other development from a
hazard mitigation perspective. The amount of potential damage due to these hazards is
likely high and will likely grow due to the way LEED-ND is currently written. In order
to truly be a sustainable development paradigm LEED-ND has no choice but to begin
incorporating a hazard mitigation credit system similar to the one presented in chapter 4.
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Chapter 4: A Starting Point Example for Incorporating Hazard
Mitigation Points into the LEED-ND System Rubric
INTRODUCTION
The way we grow – especially how and where we grow – will have a profound
effect on our planet and on us (USGBC, 2009c).
Given the potential impact LEED-ND could have on future development, it is
essential that LEED-ND better address all components of sustainability. Two of the
components of sustainability must be hazard avoidance and mitigation. Currently the
LEED-ND system does very little either explicitly or implicitly to mitigate natural
hazards, especially fire and earthquake hazards. In order to create a hazard mitigation
rubric that could be both effective at mitigating hazard losses and simultaneously
generally easy to understand, several issues must be elucidated. Before a mitigation
paradigm can be recommended for incorporation into LEED-ND, it is vital that one first
have some basic understanding of a) the history of LEED and LEED-ND, and b) what
ways might LEED-ND already deal with hazard mitigation (if at all).

LEED-ND AND HAZARD MITIGATION: WHAT IS IN PLACE NOW?
LEED-ND has only one explicit hazard mitigation action. Floodplain avoidance
is a “prerequisite” in the Smart Location and Linkages (SLL) section. While the topic of
hazards in this PR is fire and earthquake, it is interesting to investigate why, when no
other mitigation actions were addressed, floods were singled out. It is very probable that
this was done out of convenience.
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Currently flood is only one hazard that consistently receives national recognition,
and therefore has nearly uniform national standards in effect throughout the U.S. The
National Flood Insurance Program (NFIP) publishes flood insurance rate maps (FIRM’s)
for most of the U.S. The NFIP also sets guidelines for the construction of buildings in
the floodplain (Burby, 2001). These factors allow LEED-ND to easily incorporate some
very basic mitigation actions without doing much research or investigatory legwork.
While it is beneficial that LEED-ND has some mitigation aspect in it, including just
floodplain avoidance and no other explicit hazard mitigation action is a failing of the
program as it stands.

LEED-ND AND HAZARD MITIGATION
There are two other sections in LEED-ND that, while not being intended as a
mitigation action, will nonetheless have some ancillary hazard mitigation benefits. The
first one is SLL Credit 6, Steep Slope Protection (USGBC, 2009c). The stated intent of
this credit is to protect the slope from us, not to protect us from the slope. In any event
the outcome is similar in that the credit discourages new construction on slopes. This
credit does a couple of things right and a couple of things wrong with regard to mitigating
hazards. First, if there is no development on a site, no construction is allowed on a slope
of 15% or greater. This aligns somewhat with National Fire Protection Association
(NFPA) 1144 guidelines that recommend primarily constructing nothing on slopes
greater than 9%, and 15% falls into a second tier recommendation that goes from 10%-
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20% (National Fire Protection Association, 2008). This would be a workable mitigation
recommendation if it stopped there.
The Steep Slope Protection, however, gives far too many outs to be an effective
hazard mitigation measure. The development slope restriction goes on to undercut itself
by giving the option to build on slopes up to 39% as long as the amount built on that
grade is not on more than 40% of the slopes in the site. In the NFPA 1144 rating system
guidelines, a slope of more than 40% with fuel load would greatly contribute toward a
risk assessment rating of “severe structure ignition hazard” (National Fire Protection
Association, 2008). Another interesting thing to note is the fact that since the USGBC
created this credit for the sake of the slopes and not of the buildings, emphasis is placed
on replanting disturbed slopes and maintaining existing vegetation (USGBC, 2009c).
Because of the vegetative cover requirement this credit could actually have the opposite
effect during a fire, making the building more susceptible to wildfire damage. This credit
could have provided some mitigation benefits against fire and landslide hazards, but as it
is written now, it does not.
The second credit that could have unintentionally provided some mitigation
benefits against all hazards is Neighborhood Pattern and Design (NPD) Credit 6: Street
Network. The stated intent of this credit is to provide high levels of connectivity to
conserve land and provide opportunities for multimodal transit (USGBC, 2009c).
However, the credit only requires a pedestrian or bicycle connection through 90% of new
cul-de-sacs.

This requirement does not really improve connectivity except for

pedestrians and bikes (which is no doubt important). This credit does not increase
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connectivity for first responder vehicles.

This credit primarily addresses external

connectivity, which is helpful, yet does nothing to address internal connectivity. Both
internal and external connectivity are equally important.

Internal connectivity is

especially important during incidents that affect multiple structures or when a responder
must go around a development instead of through it. When minutes count the extra
connectivity between blocks could mean the difference between a house that is
salvageable after a fire and one that is not.
These two credits represent at least two additional opportunities that LEED-ND
could have used to incorporate hazard mitigation actions. However, because they were
not intended to be hazard mitigation actions at all, these credits do very little if anything
to mitigate earthquake or fire damage even unintentionally. LEED-ND does little to
mitigate hazard losses even though it claims to be a method of sustainable development.
There are also specific sections of LEED-ND that can in some ways be seen as
antithetical to a hazard mitigation strategy.

The most worrisome section from a

mitigation perspective is the Compact Development Prerequisite in the Neighborhood
Planning and Development section. At first glance this prerequisite would appear to
create high-density situations that could translate into greater damage and loss of life
during a disaster. The specific language is to “build any residential components of the
project at a density of 7 dwelling units per acre of buildable land available for residential
uses” (USGBC, 2009c). The keys to incorporating hazard mitigation into this system are
the words “buildable land.” If high hazard areas were considered non-buildable land,
many of the density fears would be addressed. To more fully address this issue one extra
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step must be taken. Any buildable land that is adjacent to these non-buildable land areas
should use a “stair step” approach to density, which would also need to be included into
the LEED-ND system. It is important to show how a mitigation framework could be
incorporated into LEED-ND. This framework or rubric should help to further clarify
how mitigation could be incorporated into LEED-ND successfully.

LEED-ND RUBRIC
Introduction
What follows is an example of how mitigation actions can be incorporated into a
system like LEED-ND. Only fire and earthquake hazards will be covered. There may be
instances when a certain mitigation action may violate another credit.

These

contradictions will be addressed on a credit-by-credit basis. Due to the inclusion of more
total credits, the amount of credits a project needs to be certified will increase overall.
This will be accounted for by increasing the current number of credits required by a
proportionate amount to the number of new credits created. In the interests of continuity
I will be using the same formatting and style that the USGBC uses in writing the LEEDND standards. Also, while this credit system is meant to provide a thorough example of
some of the credits that can be incorporated into LEED-ND to increase the program's
sustainability, it is in no way an exhaustive list. The principal point that needs to be
made is that it would be relatively easy to include a system like the one shown here into
the current standards. However, it would require a careful study process as was used in
the initial pilot program to best understand and apply appropriate standards.
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An Example of Hazard Rubric Considerations (Index)11

Hazard Mitigation and Resilience (HMR)

Applying Hazard Mitigation Criteria

11

This rubric is an original attempt by the author to address the issue of hazard losses using a LEED
system. While all of the pertinent information is sourced, the rubric itself is original.
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All projects, regardless of location, must complete Prerequisite 1: Hazard
Identification, to receive certification. If no hazard is identified in prerequisite 1, then
this section can be bypassed in its entirety. If applicable hazards are identified on (or
adjacent) to the development site, then the credits in this section will be available to use
towards the certification goals. (For a complete breakdown of the points needed for
certifications see the “Calculating Points” section at the end of this rubric). Double
counting of points is permissible if multiple hazards are identified, and each sections’
criteria are met (i.e. the slope section for fire and earthquake). Unless otherwise stated,
credits are allocated by development area and not individual unit.

Hazard Mitigation and Resilience
HMR Prerequisite 1: Hazard Identification
Required

Intent12
To protect life and property against the threat of natural hazards. To promote
lasting construction. To inform engineers, contractors, and residents of existing threats.

Requirements
FOR ALL PROJECTS
Conduct a hazard identification survey of the entire site.

The hazard

identification survey must identify if the site has currently, or has had historically, the
12

The way the LEED-ND “intent” section is currently written is in sentence fragments. I will be following
the same style for the sake of continuity between this rubric and the LEED-ND system.
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following natural hazards: Geologic – earthquakes, volcanic eruptions, landslides,
avalanches; Atmospheric – tropical cyclones, tornadoes, hail; Hydrologic – river floods,
coastal floods, drought; Biologic – wildfires (K. Smith, 2004: 10).
AND
OPTION 1. Sites Without an Identifiable Threat from Natural Hazards
For sites without any identifiable risk from a natural hazard, development may
continue in accordance with the state or local hazard mitigation plan and/or
comprehensive plan. In this case the rest of HMR may be bypassed. Development may
proceed as if there is no HMR section.
OR
OPTION 2. Sites with an Identifiable Hazard
If any hazard is identified within the development site boundaries based on the
hazard identification survey then proceed to the next prerequisite. No points are given
for this prerequisite.

HMR Prerequisite 2: Hazard Mapping
Required
Intent
To identify hazards visually. To provide information to make sound development
decisions that avoid location specific hazards. To promote future hazard mitigation
measures within the development.
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Requirements
FOR ALL PROJECTS
Maps of the site, and the area immediately adjacent to the site, must be made if
the following hazards were identified on the site: fire, flood, and earthquake. Sets of
maps should be created based upon the individual hazard identified. For fire: maps of
slopes, brush types and proximity, and average wind strength and direction must be
created. Fire models must also be made based on the areas climatic and fuel load
conditions.

For earthquake:

microzonation maps of fault zones, soil types, and

liquefaction zones must be created as well as earthquake triggered potential landslides.
The maps must be made by a qualified geotechnical or other expert and must be made
available to the public for viewing before the site is occupied.
AND
If there are no mappable hazards then proceed to prerequisite 3.

HMR Prerequisite 3: Hazard Mitigation Plan
Required
Intent
To provide the developers and community of this development with a plan to
continue with the maintenance of these hazard mitigation credits.

To provide the

developers and community of this development with a starting point to implement any
further mitigation actions they deem appropriate. To be a document that stores the
institutional knowledge of mitigation actions that have taken place.
mitigation of current and future hazards at this development site.
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To facilitate

Requirements
OPTION 1.
If the development lies within the borders of a municipality with a citywide
hazard mitigation plan, then no neighborhood mitigation plan is required to be made.
OR
OPTION 2.
If the development lies in a jurisdiction without a hazard mitigation plan or if the
development lies outside of a jurisdiction, then a development wide hazard mitigation
plan must be written. The hazard mitigation plan must conform to all FEMA guidelines
pertaining to hazard mitigation plans (FEMA, 2009b), however, the plan is not required
to be approved by FEMA. The plan must be made public before the site is occupied.
The residents should be encouraged to update the plan at least every 5 years (FEMA,
2008). Requirements of the hazard mitigation plan include the following actions13 (for a
complete list of requirements see FEMA guidance) (FEMA, 2008):
•
•
•
•
•
•

13

Public engagement prior to plan approval
Basic risk assessment
Vulnerability assessment of critical infrastructure
Estimate potential dollar losses from various applicable hazards
Future land use and development trends for the site
A mitigation strategy section to minimize the effects of hazards on current
and future development.

Each item is adapted from FEMA’s Local Multi-Hazard Mitigation Planning Guidance (FEMA, 2008).
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HMR Prerequisite 4: Hazard Disclosure
Required
Intent
To inform residents and building occupants of their exposure to hazards. To
effectively communicate the hazard exposure of pre-existing and newly constructed
buildings and site designs.

Requirements
FOR ALL PROJECTS
Make available to all building occupants and/or residents a single page flyer
listing each of the hazards that have been identified for the project. This flyer will also
give the contact name and number of the person or entity that completed any hazard
studies for the project. The developer (or current property manager) must make available
any hazard reports to any tenant or resident who requests them. A restrictive covenant
shall be put in place to assure that this hazard exposure information is passed to future
tenants or land-owners.

Fire Hazard:

HMR Fire Credit 1: Defensible Space
3-10 Points
Intent
To encourage development not directly adjacent to the Wildland-Urban Interface
(WUI). To give proper defensible space for homes that are near a WUI area. To reduce
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development exposure to fire risks from both WUI fire and adjoining structural fires. To
reduce direct and indirect property and financial losses caused by fire. To increase the
development's sustainability profile. The purpose of this credit is to remove the damage
potential of fires from homes in or near the WUI (Figure 10).

Figure 10: Fire Structural Survival Diagram. Reproduced from (Cohen, 2000a).
Requirements
The development site must be a site that, at its closest border, is at least 10 meters
from the WUI border (Cohen, 2000b).
AND/OR
OPTION 1. Location Type
Locate the project in one of the following locations:
a.

A site that, at its closest border, is at least 30 meters from the WUI border (6
Points) (Cohen, 2000b).
61

b.

A site that, at its closest border, is at least 60 meters from the WUI border (10
Points) (Cohen & Butler, 1996; National Fire Protection Association, 2008).

HMR Fire Credit 2: Vegetation Type and Density
2-10 Points
Intent
To encourage appropriate vegetation types and densities for the development area
based upon the vegetation's flammability characteristics.

To incorporate indigenous

species into the development while not creating extra fire risks. To limit the amount of
locally generated firebrands in or near the home ignition zone. To reduce direct and
indirect property and financial losses caused by fire. To increase the development's
sustainability profile.
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Figure 11: Structure Ignition Zone. Reproduced from (National Fire Protection
Association, 2008).

Requirements
Complete the requirements of one or more options below. Each option requires
the one before it. For example, one cannot do option 3 and not 1 and 2. Each option is
additive. These options are adapted from NFPA 1144.
OPTION 1. Vegetation Type and Density in Zone 1 (0’-30’/0-9 meters).
Vegetation within 10 meters of a building must be irrigated as needed and cleared
of all dead vegetation. Any plantings must have a low flammability potential (National
Fire Protection Association, 2008).
structure.

No plantings should be within 1 meter of the

All grasses should be low growing and low-flammability (National Fire
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Protection Association, 2008). Any planting beds must be of non-combustible materials
(2 Points) (National Fire Protection Association, 2008).
AND
OPTION 2. Vegetation Type and Density in Zone 2 (30’-100’/9-30 meters).
Trees are allowed in this zone. Trees and other plantings must be separated to
avoid ladder fuels. Tree placement should be planned so that the matured tree canopy
will be no closer than 3 meters (10 feet) from the structure. All underlying dead brush
must be removed. Vegetative volume should be kept low. All trees must be low
flammability trees (3 Points) (National Fire Protection Association, 2008).
AND
OPTION 3. Vegetation Type and Density in Zone 3 (100’-200’/30-60 meters).
All highly flammable and dead vegetation should be removed. Trees may be
placed in small groupings. Plants and trees must be pruned and thinned (5 Points)
(National Fire Protection Association, 2008).

HMR Fire Credit 3: Construction on Slopes
1-10 Points
Intent
To minimize the construction on slopes in or near the WUI. To protect buildings
from fast moving fire hazards. To mitigate building damage where construction on
slopes is unavoidable. To build on softer slopes if building on slopes is unavoidable. To
reduce direct and indirect property and financial losses caused by fire. To increase the
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development's sustainability profile.

Slopes naturally generate higher velocity wind

conditions that can create increased dangers from fires.

Figure 12: Slope Setback Example. Reproduced from (National Fire Protection
Association, 2008).
Requirements
No buildings in the development may be located on slopes over 30%. Also,
complete the options listed below. These options are adapted largely from the NFPA
1144.
OPTION 1. Slope Setbacks/Slope Avoidance
1. Locate buildings at least 9 meters from the edge of the down or upslope. This
should be measured from the edge of the closest foundation to the edge of the
slope (5 Points) (National Fire Protection Association, 2008).
2. Buildings located closer than 9 meters to a slope must construct a noncombustible
wall that is at least 6 feet high around the slope edge with access openings every
60 meters (1 Point) (National Fire Protection Association, 2008).
AND/OR
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OPTION 2. Slope Construction
1. No buildings in the development may be located on slopes over 10% (5 Points).
2. No buildings in the development may be located on slopes over 20% (3 Points).
AND
Any building constructed on a slope over 10% must keep vegetation cleared and
trimmed from underneath any part of a overhanging structure (e.g. main building, patio,
deck, etc.) The structure must also have support beams and an underside constructed
from flame resistant materials (2 Points) (National Fire Protection Association, 2008).

HMR Fire Credit 4: Building Density
6 Points
Intent
To limit the potential for cross ignitability between buildings. To reduce fire
damage from spreading between buildings. To potentially increase privacy between
structures. To reduce direct and indirect property and financial losses caused by fire. To
increase the development's sustainability profile.

Requirements
The location of the development boundary must not be within 5 meters of any
structure. Roads may be used in the 5-meter calculation.
AND
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Each individual building must be constructed at 5 meters or farther from any other
building. Each habitable structure constitutes its own structure ignition zone. These
zones may be overlapped (Cohen, 1995). In instances where this credit conflicts with
other density based credits, this credit takes precedence (6 Points).

HMR Fire Credit 5: Roofing Material
1-10 Points
Intent
To reduce home and structure ignitability. To mitigate fire hazards that are not
directly controlled by the property owners. To reduce direct and indirect property and
financial losses caused by fire. To increase the development's sustainability profile.

Requirements
No untreated wood roofing is permitted within a development (Cohen, 1995;
Cohen, 1999, 2000a). Roofs must be installed so there are no gaps in between individual
shingles or between the roof and the side of the building. No soffit vents are permitted.
AND
Complete one of the options listed:
1. Install roofing certified by Underwriters Laboratory as Class “C” fire-resistance
rating. This indicates that this material will withstand light fire exposure (1 Point)
(Underwriters Laboratories, 2009).
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2. Install roofing certified by Underwriters Laboratory as Class “B” fire-resistance
rating. This indicates that this material will withstand moderate fire exposure (5
Points) (Underwriters Laboratories, 2009).
3. Install roofing certified by Underwriters Laboratory as Class “A” fire-resistance
rating. This indicates that this material will withstand severe fire exposure (10
Points) (Underwriters Laboratories, 2009).

Earthquake Hazard:

HMR Earthquake Credit 1: Fault Zone Avoidance
7 Points
Intent
To increase the safety and sustainability of the development. To protect buildings
from intense ground shaking. To minimize or prevent loss of life during an earthquake.
To encourage development away from hazard prone areas.

To facilitate seismic

retrofitting of existing or historical buildings (Hart & Bryant, 1997). To reduce direct
and indirect property and financial losses caused by earthquake.

To increase the

development's sustainability profile.

Requirements
A geotechnical report must be done to determine if a surface fault trace is on or
within 50-feet of the site. If a surface fault is located on or adjacent to the property to be
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developed, a 50-foot buffer must be placed on each side of the surface fault trace (Hart &
Bryant, 1997). No structures that will be habitable may be built within the 50-foot buffer
zone including but not limited to homes, dwellings, commercial, and industrial properties
and uses (Hart & Bryant, 1997). Any historical building (as defined by the State Historic
Preservation Office or like entity) must be retrofitted to California Historic Building code
or the local code, whichever is more stringent, and may not be used as a place of
residence, school, church, public safety facility, or other buildings that would primarily
contain sensitive receptor populations (7 Points).

HMR Earthquake Credit 2: High Liquefaction Zone Avoidance
4-10 Points
Intent
To minimize threats to life and property from earthquake induced liquefaction.
To provide information to builders on the proper steps that should be taken to build a
structure in moderate or lesser liquefaction zones. To prohibit construction on high threat
liquefaction zones. To reduce direct and indirect property and financial losses caused by
earthquake. To increase the development's sustainability profile.

Requirements
If any liquefaction areas are discovered in the development area or areas deemed
in the hazard analysis to require investigation, such as in figure 13, a liquefaction survey
must be undertaken by a qualified engineer (2 Points).
AND
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OPTION 1. High Risk Liquefaction Zones
Any areas labeled within the site as “high” or “very high” risk as defined and set
forth by the USGS may not be used for the purpose of any development. The area may
be used as a park or other structure that is non-habitable (Hart & Bryant, 1997). Any
land lost to development because of this requirement will not be count against the
developer for the purpose of density requirements in LEED-ND14 (2 Points).
AND/OR
OPTION 2. Moderate or Low Liquefaction Zone
Any areas defined as moderate or low may be constructed on with the proper
building techniques.

A engineer must make the determination of what building

techniques should be used such as large vertical piles or other means to withstand the
liquefaction force (Johansson, 2000). An engineer must sign off on the construction as
being able to withstand a level VIII event according to the Modified Mercalli Intensity
Scale (Association of Bay Area Governments, 2001) (3 Points).
AND/OR
OPTION 3. Ameliorate Liquefaction Areas
Any area that is identified as a moderate or low liquefaction risk may be improved
as a site with various engineering techniques such as:
1. Edge containment structures that provide lateral support;
2. Densification of liquefiable soils to reduce liquefaction potential;
3. Modification of site geometry to reduce the risk of movement; and
14

For example it will not be held against a developer that X units per acre is not achieved because of the
avoidance hazards due to this requirement.
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4. Drainage to lower groundwater below the level of the liquefiable soils.
[And/or]
[For] Localized ground failures smaller scale displacements can often be
mitigated by treating the site with soil improvement methods. …Suitable
mitigation alternatives may include one or more of the following:
1. Excavation and removal or re-compaction of potentially liquefiable soils;
2. Soil densification or other types of in-situ ground modifications;
3. Deep foundations that have been designed to accommodate liquefaction effects;
and,
4. Reinforced shallow foundations and improved structural design to withstand
predicted vertical and lateral ground displacements” (Parrish, 2008: 55).
If the end result of the remediation results in the reduction of surface settlement
during an earthquake to 1” every 30’, then the area may be used for development with no
further liquefaction specific construction measures (Building Seismic Saftey Council,
2003; Parrish, 2008) (3-points).
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Figure 13: California Liquefaction Zones Required Investigation Map. The green color
indicates zones that require further investigation for liquefaction hazard
(California Geological Survey, 2007).
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HMR Earthquake Credit 3: Construction on Slopes
8 Points
Intent
To minimize loss to life and property from landslides. To minimize construction
on hazardous slope areas. To protect slope stability. To reduce direct and indirect
property and financial losses caused by earthquake.

To increase the development's

sustainability profile.

Requirements
If any landslide areas are discovered during the hazard identification, a landslide
survey and landslide hazard maps must be created (California Department of
Conservation, 2007; Parrish, 2008). Given the difficulty and expense of landslide risk
assessments, assessments based on historical landslides in the area may be used (Deyle,
et al., 1998).
AND
No construction is allowed closer than 40 feet from the top of a slope greater than
15% (County of Placer, 2009; Deyle, et al., 1998). No construction is allowed within 15
feet of a slope toe greater than 15% (8 Points) (County of Placer, 2009; Deyle, et al.,
1998).
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Figure 14: Slope Diagram. Reproduced from (County of Placer, 2009).

HMR Earthquake Credit 4: Building Density
5 Points
Intent
To minimize damage to life and property. To provide for proper spacing between
buildings to prevent adjacent building impact. To minimize damage caused by adjacent
structures.

To reduce direct and indirect property and financial losses caused by

earthquake. To increase the development's sustainability profile.

Requirements
Construction of buildings in a development that resides in an earthquake hazard
area must give proper separation between buildings to prevent the buildings from
slamming into adjacent structures (Goltabar, Kami, & Ebadi, 2008). The exact spacing
depends on the lateral forces involved as well as the size and type of structure(Goltabar,
et al., 2008). This requirement may impact the adherence to both Neighborhood Pattern
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and Design Prerequisite 2: Compact Development, and NPD Credit 2: Compact
Development. In this event one may exclude the spacing between buildings required by
this credit in order to be compliant with both.

Figure 15: Pounding on adjacent building. Reproduced from (Goltabar, et al., 2008).
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Figure 16: Pounding of a lighter building on a heavier building. Reproduced from
(Goltabar, et al., 2008).

Figure 17: Pounding of shorter building in to a taller building. Reproduced from
(Goltabar, et al., 2008).
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Calculating Points
Due to the very nature of the hazards involved, the current LEED-ND point
system would have to be modified. Certain areas do not have certain hazards, and it is
unfair to punish a development for not mitigating a hazard it does not have. In the
instance where a HMR credit directly conflicts with an existing credit the HMR credit
will always take precedence. For the sake of simplicity, the LEED-ND point system for
the rest of the system should remain in place (Figure 18). However, areas with identified
hazards must also adopt at least 40% of the HMR points in order to attain basic
certification, 50% for silver, 60% for gold, and 80% for platinum. For example a
development with both fire and earthquake hazards would have to achieve at least 31
points to become certified, 38 for silver, 46 for gold, and 61 for platinum. This is also on
top of the prerequisites that all developments must do regardless of perceived hazard risk.
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Figure 18: LEED-ND points needed for certification. Reproduced from (USGBC,
2009c).
CONCLUSION
This LEED-ND rubric is of course just a simple example of how LEED may be
adapted to accommodate hazard mitigation actions. This rubric could be expanded to
accommodate a whole range of hazards.

I have attempted to show how hazard

identification can be used to guide development in the LEED-ND system. I have also
given example rubrics for hazard prerequisites, as well as example hazard mitigation
earthquake and fire credits. Given the ever-increasing costs of natural hazards, it is
becoming more important to mitigate those hazards if we ever hope to achieve a more
sustainable development paradigm. Due to many possible factors including the lack of
political will, uninformed local officials, or possibly even greed, LEED-ND could be the
best tool to encourage safe and ecologically sound development in the United States.
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Chapter 5: Conclusion
But everyone who hears these words of mine and does not put them into practice
is like a foolish man who built his house on sand (Mathew: 7/26-27).
LEED-ND is the latest system by the USGBC that attempts to address the issue of
sustainable development by incentivizing its practice. The three E’s of sustainability are
environmental, equity, and economic. LEED-ND attempts to address all three, and yet,
while the focus is primarily on environmental sustainability, it is precisely here where
LEED-ND falls short because it does not address hazard mitigation.
In order to properly mitigate any hazard, one must know what hazard they are
mitigating in the first place.

Presented in this PR is a fire and earthquake hazard

identification for every LEED-ND certified pilot project in the continental United States
today. Through this identification it is possible to see that because LEED-ND does not
have a hazard mitigation section, it is very susceptible to hazards with nearly 50% of the
pilot projects exposed to either fire or earthquake hazards, or both.
The question of how one would incorporate a hazard mitigation system into
LEED-ND has been successfully answered by the creation of a sample rubric. Using
recent planning and engineering scholarship regarding the mitigation of earthquake and
fire hazards, a rubric that mitigates the most problematic aspects of earthquake and fire
hazards can be constructed. Using appropriate prerequisites and credits, it is possible to
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address hazard mitigation through the LEED-ND system. To this end it is recommended
that the following actions and research be conducted:
•
•
•
•
•
•

Establish an all hazards rubric using the rubric contained here as a starting
point for discussion and study of hazards criteria.
Invite public and professional comment from professionals and
researchers on best practices and implementations
Implement pilot applications of a hazard mitigation program into future
LEED-ND developments in multiple jurisdictions (for example inside and
outside of California)
Further refine the guidelines based on lessons learned from the pilot
projects
Conduct further research on cost/benefit ratios of specific mitigation
actions (both engineered and land use based)
Conduct research on mapping practices and implement a national standard
for hazard mapping, including microzonation, fire susceptibility, and other
maps.

The LEED-ND certification system attempts to create developments that are more
sustainable. In fact in some sense the opposite is true. With half of all currently certified
sites exposed to the two types of hazards presented here (a number that would certainly
go up if more hazards were included) it becomes apparent that LEED-ND, in ignoring
hazard mitigation, calls sustainable what, due to hazard exposure, is clearly not. Hazard
mitigation continues to be a large problem in the U.S., a problem that could be partially
addressed through programs like LEED-ND. In its current form however LEED-ND is
not as sustainable as it claims to be.
LEED-ND seems to be positioned to be a very popular way for developers to
increase the sustainability of their developments. While in general LEED appears to do
an adequate job of creating environmental sustainability, it does virtually nothing to
mitigate hazards.

Hazard mitigation should be paramount in any sustainable
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development paradigm. LEED-ND could be easily modified to include many hazard
mitigation actions. These actions would both serve to increase the sustainability of the
development and serve as an example of the type of actions needed to minimize future
disaster losses. In order for a development paradigm to claim to be sustainable, it must
address all aspects of sustainability. One of the most important, and often overlooked,
aspects of sustainability is hazard mitigation. In this research I showed that hazard
mitigation is a crucial component of sustainability. I also showed the hazard exposure
that LEED-ND currently has and provided an example of how hazard mitigation may be
incorporated into the LEED-ND system.
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