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Abstract: Green buildings are increasingly in demand yet current green building 

practices often do not consider hazard mitigation.  High-performance buildings that can 

withstand hazards, protect residents, and do not need to be rebuilt following a disaster are 

truly sustainable buildings.  This report focuses on current hazard mitigation and disaster 

resilience standards for wildfires and earthquakes through an in-depth analysis of case 

studies and best practices for these hazards.  The U.S. Green Building Council’s 

Leadership in Energy and Environmental Design (LEED) framework is the ideal vehicle 

to incorporate hazard mitigation methods into official green building certification.  

Language for a new LEED Hazard Mitigation and Resilience credit area is established 

using guidelines for hazard mitigation for wildfires and earthquakes. 
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INTRODUCTION 

Chapter 1:  The Trouble with LEED-NC 

BACKGROUND – WE CAN’T RELY ON SMOKE ALARMS 

Modern humans spend nearly 90 percent of their time indoors.1  Additionally, the 

average U.S. home was built in 1973, meaning that while some Americans have newer 

homes with updated safety features, many others rely on smoke alarms and hope for the 

best.2 Ideally, residential property owners would take into account not only the current 

occupants but all future occupants of that space.  Commercial builders should also make 

safety and resilience a priority.  A sustainably constructed or “green” building does not 

fully live up to its name if it falls victim to a natural disaster or hazard and requires 

repairs or a complete rebuild sooner than it would if precautionary disaster mitigation 

efforts were included.  Sustainable building requires longevity and long-term thinking as 

well as buildings which secure the quality of life for generations to come - including our 

habitat. Because of construction costs and the natural resources and materials used in 

construction, buildings should be built to last, built to withstand natural hazards and other 

disasters, and built to protect their occupants.   

Hazards such as earthquakes, wildfires, severe storms, floods, and droughts create 

distinctive patterns of devastation throughout the world.  Furthermore, the financial and 

human cost of disasters has skyrocketed over the past few decades (Figure 1):  

                                                 
1 Buildings and the Environment: A Statistical Summary. U.S. EPA Green Building Workshop.  Dec. 20, 
2004. Online.  Available: http://www.epa.gov/greenbuilding/pubs/gbstats.pdf. 
2 American Housing Survey.  2007 Data – Introductory Statistics.  U.S. Census Bureau.   
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Figure 1.  Number of great natural catastrophes increasing worldwide, 1950-2005. 
Source: Munich Re 2005.3   

Nationwide, at least 39 states are considered at risk from moderate to great 

earthquakes. Earthquakes have struck many areas of the United States, though seismic 

risk is mainly a concern in parts of California and the Pacific Northwest, as well as the 

New Madrid seismic zone in the Midwest United States (Figure 2). Wildfire risk can 

exist almost anywhere in the U.S., though areas of particular concern for disaster-resilient 

construction would be those identified on the wildfire hazard identification map by the 

U.S. Geological Survey (Figure 3). 

                                                 
3 Keith Smith and David N. Petley, Environmental Hazards: Assessing risk and reducing disaster, 5th ed. 
(Routledge, 2009).   



 3

 
Figure 2. U.S. Earthquake Risk. Source: NATHAN (Natural Hazards Assessment 
Network), Munich Re Group.4 
 
 

 
Figure 3.  Wildfire Risk Map.  This map shows locations that experienced wildfires 
greater than 250 acres, from 1980 to 2003. Map not to scale. Sources: Bureau of Land 
Management, U.S. Forest Service, U.S. Fish and Wildlife Service, Bureau of Indian 
Affairs, National Park Service, and the USGS National Atlas.5 

                                                 
4 Natural Hazards Assessment Network.  Munich Re Group.  Online.  Available: 
http://mrnathan.munichre.com/.  Accessed March 21, 2010. 
5 Natural Hazards – Wildfires.  U.S. Geological Survey.  Online.  Available: 
http://www.usgs.gov/hazards/wildfires.  Accessed March 23, 2010. 
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Finding an Opportunity in Hazardous Challenges 

 
The number of catastrophes worldwide does seem to be increasing, along with the 

number of human casualties.6  This is a terrible worldwide problem, but at the same time, 

recognition of the suffering and challenges can provide an opportunity to improve 

disaster mitigation through better building practices.   

The U.S. green building market is rapidly accelerating.  The value of green 

building construction starts drastically increased from 2005 to 2008 (from $10 billion to 

$36-$49 billion), and is projected to triple by 2013, reaching $96-$140 billion.7  

McGraw-Hill Construction attributes green building's rapid expansion to growing public 

awareness, an increase in government regulations, and a recognition of long-term 

financial advantages.8  Although market penetration may be slow, the highest usage of 

green buildings is for public buildings, according to the American Institute of Architects.9  

This illustrates an opportunity for public officials to increase mitigation opportunities and 

drive demand for a more comprehensive resilient building standard. 

Some local and state governments are considering making green building a 

mandatory part of public sector construction, and many private owners may soon comply 

with these new green building standards voluntarily.  However, these green building 

                                                 
6 Keith Smith and David N. Petley, Environmental Hazards: Assessing risk and reducing disaster, 5th ed. 
(Routledge, 2009).   
7 Green Outlook 2009: Trends Driving Change.  Annual Report.  McGraw-Hill Construction. 
8 Ibid. 
9 Local Leaders in Sustainability: Green Building Policy in a Changing Economic Environment.  AIA 
report.  2009. 
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standards are separate from natural hazard mitigation methods, and even mandatory 

building codes with hazard mitigation methods are sometimes not stringent enough.   

There is an immediate relationship between resilient green building practices and 

natural hazard mitigation. Knowing that there will continue to be both natural hazards 

and other unforeseen disasters, it seems especially necessary for there to be a 

comprehensive green building framework that includes disaster prevention and 

mitigation.   

HAZARD MITIGATION AS SUSTAINABILITY 

Green building generally refers to construction of buildings in a manner that is 

environmentally responsible and resource-efficient throughout the building’s lifespan. 

Green building is often seen as synonymous with “sustainable” building, but I believe 

that the failure to incorporate established hazard mitigation methods results in less-than-

sustainable buildings.  Resilient buildings, however, are by definition sustainable 

buildings – if a green building can burn up, break up, wash away, or blow away, then it 

does not seem sustainable.  A green building that remains in operation provides jobs, 

contributes to community well-being, continues to reduce energy and water use, and 

continues to be environmentally friendly.10  Therefore, a resilient green building is a 

sustainable building, but until green building practices routinely mitigate against hazards, 

green building as it stands now is not yet fully sustainable. 

Including natural hazard mitigation methods as a natural extension of the existing 

LEED framework makes sense from economic, environmental, and equity standpoints – 

                                                 
10 Mean and Green: The Need for Disaster Resistant Green Building.  GreenBuild 2009 lecture.  November 
12, 2009. 



 6

the three corners of the renowned “sustainable development triangle” (see Figure 4 

below).   

 

 
Figure 4. Sustainable Development Triangle.  Source: Munasinghe and Swart, 2005.11 

 

Sustainable building, therefore, must include social, economic, and environmental 

sustainability.  Building owners have a responsibility to their residents to consider 

sustainable development principles in construction and future building use.  Structural 

resilience is a major factor of sustainable development, as it reduces pollution, reduces 

incidence of impacts, prevents disruption of basic needs and livelihoods, and leads to 

growth, efficiency, and stability.12 

 

                                                 
11 Munasinghe Mohan, and R. J. Swart, Primer on climate change and sustainable development 
(Cambridge University Press, 2005).  
12 Rebuilding for a More Sustainable Future: An Operational Framework. FEMA 365.  November 2000. 
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Climate Change and Hazards 

One of the major themes behind the LEED framework is that reducing a 

building’s energy footprint is a hallmark of a “green” building.  Building without concern 

for land, energy, and material use can increase carbon dioxide emissions, which may 

further accelerate an already worsening climate change situation.  Climate change may 

increase hazards such as hurricanes and wildfires, so for a truly sustainability-conscious 

loop, buildings should be constructed to reduce the need to be re-built after a disaster, 

thus lowering that carbon dioxide emission footprint and therefore reducing the impact of 

climate change. 

Future natural hazard risk should be evaluated within the context of global climate 

change.  Altered environmental conditions caused by climate change may increase the 

likelihood of natural hazard risk.  The majority of scientists are in agreement that climate 

change is a real phenomenon, and may have an impact on human life.13   
 

BRIEF INTRODUCTION TO LEED RATING SYSTEM FOR GREEN BUILDINGS 

The current leader in setting stringent standards for sustainable construction is the 

U.S. Green Building Council (USGBC), a nonprofit established in 1993 to promote 

sustainability in building design, construction, and operation.  The USGBC is known for 

its Leadership in Energy and Environmental Design (LEED) third-party rating system, 

which awards points to residential and commercial construction development to achieve a 

certification level of certified, silver, gold, or platinum.  There are now LEED rating 

systems available for New Construction; Existing Buildings; Commercial Interiors; Core 

                                                 
13 IPCC Fourth Assessment Report: Climate Change 2007 (AR4) 
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and Shell redesign projects; Schools, Retail, and Healthcare; and the most recent addition 

of LEED for Neighborhood Development (begun in 2010).14  Another framework tailored 

to promote sustainable land development and management is the Sustainable Sites 

Initiative (SITES™).  The USGBC is a stakeholder and anticipates incorporating these 

guidelines and performance benchmarks into future iterations of the LEED framework; 

however, SITES™ does not include hazard mitigation methods.15 

The USGBC has promoted its LEED certification for both residential and 

commercial buildings, and “LEED-certified” is now considered a byword for buildings 

that improve the health of both individuals and the environment.  A LEED certification is 

considered a marketable commodity, one that enhances the prestige of an organization 

and solidifies “green” credibility among customers and business partners.  Because of 

this ubiquity, the USGBC dominates the market in green building certifications.  

Alternate rating systems such as NAHBGreen (from the National Association of Home 

Builders), EnergyStar, and Environments for Living arguably lack the same cachet.  As 

of this writing, a total of 1,753 projects have received LEED certification with another 

14,390 projects registered with the USGBC.16  LEED is widely recognized, followed, and 

respected – and is therefore the current best rating system available to integrate disaster 

mitigation best practices.  

                                                 
14 LEED 2009 for New Construction and Major Renovations Rating System. USGBC Member Approved 
November 2008. U.S. Green Building Council.   
15 The Sustainable Sites Initiative.  Online.  Available: http://www.sustainablesites.org/about/.  Accessed 
May 2, 2010. 
16 Slavin, Al.  The Thin Green Line: Insurers and design professionals rethink risk management on 
environmentally friendly projects. Best’s Review.  Jan. 2009.   



 9

Does green building not already integrate any hazard mitigation principles and 

practices?  As a LEED Accredited Professional, I became concerned that this benchmark 

certification for green building does not fully account for all the requirements necessary 

to construct truly disaster-resistant buildings.17  The LEED certification system could be 

more holistic than it is today.  LEED 2009 for New Construction and Major Renovations 

(LEED-NC, the third version of the guide for new construction projects) began 

incorporating regional credits based on a project's geographic location to emphasize 

climate change issues and energy efficiency.  However, this third version does not 

incorporate established disaster loss prevention techniques that could be part of the LEED 

certification system.  I believe that the USGBC missed a prime opportunity here to 

integrate natural hazard prevention techniques because disaster resilient green buildings 

are inherently more sustainable than ordinary green buildings. 

Because of the prominence of the LEED system in rating buildings, the USGBC 

should consider the importance of integrating a disaster-preparedness framework as part 

of this credit-based building rating system.  There are already several credit areas in 

LEED 2009 for New Construction and Major Renovations; namely Sustainable Sites, 

Water Efficiency, Energy and Atmosphere, Materials and Resources, Indoor 

Environmental Quality, Innovation and Design, and the new Regional Priority credit 

area.18  (LEED-NC will be further explained in Chapter 3.)  In all of these areas, LEED 

certified buildings are supposed to use resources more efficiently when compared to 

                                                 
17 Accredited in June 2009 in LEED for New Construction version 2.2. 
18 See Appendix A for a total listing of LEED-NC credit areas. 
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conventional buildings which are simply built to code, but buildings that are unprepared 

for disaster are unsafe and may need to be rebuilt anyhow.  Therefore, there is a need for 

an eighth credit area in LEED: Hazard Mitigation and Resilience.  Chapter 6 will present 

a breakdown of this credit area showing how buildings could achieve points in this 

specific category. 

PROJECT SCOPE 

The focus of this report is on individual buildings, although much can be done to 

mitigate for hazards at the community-wide level.  The LEED-NC framework has been in 

existence the longest and may be the best candidate for revision to include hazard 

mitigation techniques.  Numerous green buildings have already been constructed with the 

LEED guidelines in mind, whether or not they received official building certification.  

Some of these buildings are in areas particularly hazard-prone, such as those in 

California.   

The scope of this project is to only analyze two major hazards for individual 

buildings – wildfire and earthquake – and propose mitigation standards for these 

buildings that could be incorporated into a future iteration of LEED as a hazard 

mitigation credit area.  Wildfire and earthquake hazards were chosen for this report 

because there are established loss prevention techniques for these hazards as well as 

extensive post-disaster reports for analysis.  Furthermore, these are two hazards that are 

often neglected by building code enforcement – and 475,000 structures are lost in the 

U.S. per year to all fire incidents.19  While the structural losses due to seismic hazards are 

not as frequent, these losses tend to occur with more loss of life.  Other hazards are of 

                                                 
19 National Fire Protection Association statistic. 
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course essential to consider when designing buildings, particularly in areas prone to 

flooding, tornadoes, landslides, or any extreme events.  A hazard risk assessment should 

be the first component of any design process.   

This report will present sobering case studies on building failure and factors 

involved and will look at whether any LEED certified buildings were damaged as a result 

of natural disasters (Chapters 4 and 5).  These chapters also outline best practices for 

hazard mitigation and disaster resilient buildings for fires and earthquakes, and introduce 

data analysis by specific factors likely to increase or reduce building resilience.  Finally, 

Chapter 6 establishes a rubric for a new Hazard Mitigation and Resilience credit area that 

USGBC should consider implementing as part of its next version of LEED.   The Fire 

Credit and Earthquake Credit are specifically outlined as well with a list of possible 

points available and an explanation of how these points can be achieved. 
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BACKGROUND 

Chapter 2:  The Increasing Cost of Hazards 

THE PRICE OF SPRAWL 

Americans are no strangers to natural disasters affecting their homes and 

livelihoods.  Hazards are becoming increasingly common as the U.S. becomes more 

populated and sprawl into undeveloped areas continues as well – over the last few 

decades there have been intense earthquakes (Loma Prieta in 1989, Northridge in 1994), 

hurricanes (Hugo in 1989, Andrew in 1992, Floyd in 1999, Katrina in 2005, Rita in 2005, 

Ike in 2008), fires (Oakland-Berkeley in 1991, Cedar Fire in 2003), and flooding 

(Mississippi River in 1993, North Dakota in 1997, Midwestern U.S. floods in 2008).  The 

number of FEMA disaster declarations has increased over the past five decades as well 

(Figure 5). 

 

Figure 5. FEMA Disaster Declarations, 1953-2010.  Data Source: FEMA Annual Major 
Disaster Declarations Totals.20 

                                                 
20 FEMA Annual Major Disaster Declarations Totals.  Online.  Available: 
http://www.fema.gov/news/disaster_totals_annual.fema.  Accessed March 17, 2010.   
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The grim truth is that Americans are increasingly placing themselves at risk 

because of where they choose to build their homes and businesses.  Sprawl into the 

wildland-urban interface (WUI) has increased the amount of wildfires affecting housing 

communities on the edge near forested areas.  The coasts are desirable places to live and 

work, but bear an additional risk of hurricanes.  Still, today nearly half the U.S. 

population lives within 50 miles of a coast.21 Increased urbanization and 

industrialization of exposed areas such as coasts and fluvial plains has led to 

more flooding.  Deforestation may result in increased runoff and thus also increase 

downstream flooding.  Furthermore, earthquakes are an under-appreciated hazard for 

areas that have never been “hit” before, such as Seattle and Portland, Oregon, cities 

which lie along the 600-mile-long Cascadia fault that can produce temblors with 

magnitudes of 9 or greater (more powerful than California’s San Andreas fault).22  As 

larger and more destructive disasters occur every year, people and properties are 

increasingly at risk.  There is also a higher likelihood of loss as living standards and 

housing values rise (Figure 6): 

                                                 
21 Natural Hazards – A National Threat.  USGS.  Online.  Available: 
http://pubs.usgs.gov/fs/2007/3009/2007-3009.pdf 
22 Yanev, Peter. “Shake, Rattle, Seattle,” The New York Times, March 28, 2010, sec. Opinion.  Online.  
Available: http://www.nytimes.com/2010/03/28/opinion/28yanev.html. 



 14

Figure 6. The Connection Between Population Growth, Increased Revenue, and Natural 
Disasters.  Source: Van der Vink.23 

 

The built environment cannot be counted on to withstand the impacts of natural 

forces.  Statewide building codes and federal guidelines are not always followed as 

rigorously as they could be, and sometimes are not able to keep up with the latest 

mitigation methods and technologies available.  Residential and commercial codes have 

separate standards and are not adopted uniformly in all states – 11 states lack mandatory 

building codes altogether.  Although there are engineering codes and building standards 

for specific hazards, local governments may lack the resources to be proactive in building 

code compliance: 

 
“[I]nvestigations after disasters have revealed shortcomings in 
construction techniques and code enforcement. Codes, standards, and 
practices for all hazards must be reevaluated in light of the goal of 

                                                 
23 Van der Vink, G., Allen, R.M., Chapin, J., Crooks, M., Fraley, W., Krantz, J., Lavigne, A.M., 
LeCuyer, A., MacColl, E.K., Morgan, W.J., Ries, B., Robinson, E., Rodriquez, K., Smith, M., Sponberg, K 
(1998) "Why the United States is becoming more vulnerable to natural disasters " EOS, Transactions, 
American Geophysical Union 79: 533-537. 
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sustainable mitigation, and communities must improve adherence to 
them.”24   

 
Additionally, there are prescriptive and performance-based construction programs 

(outlined further in Chapter 3), but these are not mandatory either.  There has been a 

significant increase in the dollar cost of damages caused by natural hazards over the past 

four decades.25   The cost of catastrophic loss includes displacement, waste, and other 

post-disaster problems (Figure 7).26  The graph below does not include Hurricane Katrina 

in 2005, the costliest U.S. hurricane to date. 

 

                                                 
24Mileti, Dennis. (1999) Disasters by Design: A Reassessment of Natural Hazards in the United States. 
National Academy of Sciences, Joseph Henry Press. 
25 Van der Vink, G., Allen, R.M., Chapin, J., Crooks, M., Fraley, W., Krantz, J., Lavigne, A.M., 
LeCuyer, A., MacColl, E.K., Morgan, W.J., Ries, B., Robinson, E., Rodriquez, K., Smith, M., Sponberg, K 
(1998) "Why the United States is becoming more vulnerable to natural disasters " EOS, Transactions, 
American Geophysical Union 79: 533-537. 
26 Pine, John C. (2009) Natural Hazards: Analysis: Reducing the Impact of Disasters, Boca Raton, FL. 
CRC Press. 
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Figure 7. Trends in losses from all hazards, 1975-1998: (a) deaths and (b) damages (in 
1999 dollars).  Source: Cutter.27 

 

It is possible that some of the increase in damage costs from natural disasters over 

time may be due to population growth and more buildings, so that the disaster magnitude 

is similar, but there are now more buildings that get damaged when there is a disaster.  

However, there is a clear trend of disaster costs increasing, so that increased hazard 

mitigation through better building practices makes sense. 

 

                                                 
27 Cutter, Susan L, ed. (2001) American Hazardscapes: The Regionalization of Hazards and Disasters.  
Joseph Henry Press. 
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Human Cost of Hazards 

As the dollar amount of economic losses continues to skyrocket, so does the 

human toll in increasing number of casualties.  The loss of life from major earthquakes 

worldwide has implications for responsible building construction guidelines (Figure 8). 

 
Figure 8. Worldwide Loss of Life from Major Earthquakes. Earthquake and location 
denoted by black dots.  Source: Naeim 2001. 28 

 

IMPORTANCE OF VULNERABILITY ASSESSMENT 

Because of increased building in natural hazard-prone areas, there is greater risk 

of loss of life because of building failure.  The saying goes that “Disasters occur when 

hazards meet vulnerability”.  Therefore, to prevent disaster, a vulnerability assessment 

                                                 
28 Naeim, Farzad. (2001) The Seismic Design Handbook. 2nd ed., Springer.   
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should be a crucial component of any site selection and building design process.  Low- 

and moderate-income residents are disproportionately likely to lack preparation and 

mitigation measures, to lose their jobs after a hazard, and have a harder time rebuilding after 

a hazard.29  These individuals are also disproportionally likely to live in floodplains, in 

earthquake-prone areas, and in areas that may be affected by wildfires.  Low-income 

residents are more likely to have trouble evacuating because they may lack reliable 

transportation. They may also not have anywhere to evacuate to, or may fear not being able 

to return quickly for work.30  Post-disaster ability to recover should also be considered, as 

there are equity and social justice components to this recovery ability that should not be 

overlooked.  These individuals may not lose their lives in a disaster but may end up 

losing their homes – and if their workplaces are destroyed, their livelihoods.  

 

INSURING NATURAL HAZARD RISK 

Many Americans may depend on insurance to compensate for disaster losses.  

Unfortunately, they may assume that federal disaster assistance will work as a kind of 

hazard insurance in the case of earthquakes or floods, but the number of claims generally 

exceed the amount of monetary assistance available.31  Dennis Mileti explains the 

difficulty of relying on insurance as such: 

 
The [insurance] industry already has problems providing insurance in 
areas subject to catastrophic losses because many insurers do not have the 
resources to pay for a worst-case event. Furthermore, the current 

                                                 
29 Masozera, M., Bailey, M., & Kerchner, C. (2007). Distribution of Impacts of Natural Disasters Across 
Income Groups: A Case Study of New Orleans. Ecological Economics, 299-306. 
30 Blaikie, Piers, et al. (1994). At Risk, Natural Hazards, People's Vulnerability and Disasters. London: 
Routledge. 
31 Arnold, Patricia M., CPCU, ALCM, lecturer, The University of Texas at Austin.  Personal interview. 
March 9, 2010. 
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regulatory system makes it difficult to aggregate adequate capital to cover 
low-frequency but high-consequence events.32 

 

The German insurance company Munich Re reports that disasters are increasing 

with weather-related catastrophes, which have roughly tripled since 1950, causing about 

$1,600 billion in economic losses since 1980.33  Peter Hoeppe, Munich Re’s head of 

geological risk research, believes that the catastrophes are related to climate change, and 

that at least part of the cause must lie at the location of the disasters.  Hoeppe warns: 

 
The trend towards an increase in weather-related catastrophes continues 
[…] And we know from climate scientists that because some changes have 
occurred, that it has become warmer, that there is more humidity in the 
atmosphere because the oceans have warmed up as well. Everything we 
learn from climate scientists fits together perfectly - that climate change is 
causing extreme weather events to intensify.34 

Munich Re also has an online hazard assessment tool called NATHAN (Natural 

Hazards Assessment Network) which provides mapped risk analysis for geographic areas 

by hazard.  Additionally, NATHAN shows projected overall risk for each country by 

hazard (Figure 9).35 

 

                                                 
32 Mileti, Dennis. (1999) Disasters by Design: A Reassessment of Natural Hazards in the United States. 
National Academy of Sciences, Joseph Henry Press. 
33 General trend confirmed by large number of weather extremes.  Munich Re.  Press release. 29 December 
2009.   
34 Ibid. 
35 Country Profiles – United States Natural Hazards.  Natural Hazards Assessment Network. Munich Re 
Group.  Original Source: Corporate Underwriting - Geospatial Solutions, Last update: 2/17/2009.  Online.  
Available: http://mrnathan.munichre.com/.  Accessed March 21, 2010. 
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Figure 9. U.S. Risk by Hazard Type (note lack of wildfire hazard analysis).  Chart shows 
the degree of exposure to natural hazards and the percentage of area affected.   Source: 
Munich Re.36  
 
 
 Because of the increasing cost of human and economic losses due to worldwide 

and U.S. hazards, there is a clear need for a better framework for incorporating hazard 

mitigation into standard building practice.  Chapter 3 outlines why LEED-NC is the ideal 

framework to achieve this goal. 

  

                                                 
36 Natural Hazards Assessment Network.  Munich Re Group.  Online.  Available: 
http://mrnathan.munichre.com/.  Accessed March 21, 2010. 
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BUILDING CODES AND LEED-NC 

Chapter 3:  Why Revise LEED for New Construction? 

LEED FOR NEW CONSTRUCTION 

LEED 2009 for New Construction and Major Renovations (hereafter referred to 

as LEED-NC) is the third iteration of a very successful franchise – the commercialization 

of green building.  LEED-NC has 100 base points possible for building owners to achieve 

through the standard credit areas mentioned earlier, with six Innovation in Design and 

four Regional Priority points possible on top of that.  All buildings must first meet 

fundamental prerequisites to be able to apply for the LEED designation at all – basic 

requirements such as “Construction Activity Pollution Prevention” and “Minimum 

Energy Performance”, which are requirements commonly associated with “green” 

building already.  After meeting those eight prerequisites, buildings achieve points in 

seven different credit areas (listed in Appendix A), which outline a credit intent, the 

credit requirements, and potential technologies and strategies for accruing points for this 

credit.  A building is rated LEED Certified for achieving 40-49 points; LEED Silver for 

achieving 50-59 points, LEED Gold for achieving 60-79 points, and LEED Platinum for 

achieving 80 points or above. 

Why does LEED-NC need to include hazard mitigation?  The full LEED name is 

“Leadership in Energy and Environmental Design”, and some critics may say that green 

building was never meant to reduce the impact of natural disasters, only to reduce the 

building’s “footprint” by using sustainably-sourced materials, using land sustainably, 

reducing energy use, and ensuring supreme air quality standards are met.  I would 

counter, however, that green buildings must be as disaster-proof as possible. 
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LEED-NC currently barely mentions hazards – the only relevant reference is the 

Sustainable Sites – Site Selection credit’s Requirement criterion: “Do not develop 

buildings, hardscape, roads or parking areas on portions of sites that meet any of the 

following criteria: […] Previously undeveloped land whose elevation is lower than 5 feet 

above the elevation of the 100-year flood as defined by the Federal Emergency 

Management Agency (FEMA).”37 

There are other LEED frameworks that could also incorporate a Hazard 

Mitigation and Resilience credit area (particularly the recent LEED for Neighborhood 

Development framework), but individual structures are perhaps most immediately in 

need of mandatory hazard mitigation standards.  LEED-NC 2009 does include a new 

“Regional Priority Credit” that might seem suitable for inclusion of hazard mitigation 

methods.  The text of this credit area follows below: 

 
RP Credit 1: Regional Priority (1–4 Points) 
Intent 
To provide an incentive for the achievement of credits that address geographically-
specific environmental priorities. 
Requirements 
Earn 1-4 of the 6 Regional Priority credits identified by the USGBC regional councils 
and chapters as having environmental importance for a project’s region. A database of 
Regional Priority credits and their geographic applicability is available on the USGBC 
website, http://www.usgbc.org. 
One point is awarded for each Regional Priority credit achieved; no more than 4 credits 
identified as Regional Priority credits may be earned. Projects outside of the U.S. are not 
eligible for Regional Priority credits. 
Potential Technologies & Strategies 
Determine and pursue the prioritized credits for the project location.38 

 

                                                 
37 LEED 2009 for New Construction and Major Renovations Rating System. USGBC Member Approved 
November 2008. U.S. Green Building Council.   
38 Ibid.   
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The website LEED-Online automatically determines a project’s regional priority 

credits based on its zip code, and because of this, there likely would be priorities for 

earthquake hazard mitigation or wildfire mitigation in areas that are at risk for these 

hazards.  However, this method of encouraging builders to achieve these regional priority 

credits is not likely to have the same effect as having a separate Hazard Mitigation and 

Resilience Credit.   A separate credit area means that identifying hazards and preparing a 

mitigation plan is a crucial prerequisite for achieving the LEED building certification at 

all, instead of being included strictly for points toward the non-mandatory Regional 

Priority Credit. 

Green Building Components Can Actually Increase Risk 

There are elements of the LEED standards which do not take into account 

disasters at all – such as the recommendation to use foam plastic insulation, which is 

highly flammable without the use of a thermal barrier to keep fire away from the fire 

load.39 Also, the requirement to maximize open space and promote green space means 

that buildings might often have flammable vegetation such as eucalyptus close to them.  

There is no requirement for a reasonable fire break of 50 to 200 feet in areas where that 

would be beneficial.  Ron Coleman, California State Fire Marshal, has warned the State 

of California that “green buildings could end up being black” because there are LEED 

certified buildings that are conspicuously lacking sprinkler systems.40   

                                                 
39 LEED 2009 for New Construction and Major Renovations Rating System. USGBC Member Approved 
November 2008. U.S. Green Building Council.   
40 “Mean and Green: The Need for Disaster Resistant Green Building”.  Panel at GreenBuild 2009 
conference in Phoenix.  Nov. 12, 2009. 
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Furthermore, there are hazards associated with solar panels such as windstorm, 

collapse, hail, or fire.  Wind turbines are subject to the same environmental dangers, 

including lightning which could lead to blade fire.  Green roofs can even lead to eventual 

collapse if not constructed according to specific design and weight-bearing standards.  

The Underwriters Laboratories Green Program, whose objective is to minimize 

“greenwashing”, refuses to approve products that are not listed and approved for factors 

such as fire, wind, and hail.41  Their GreenSeal and Energy Star listed products are 

disaster-resistant, and so should be listed in the LEED certification credits. 

 

Maintenance Failures can Lead to Hazards 

LEED certified buildings often do not have any standards or requirements for 

building upkeep, which is another factor entirely – a building constructed to withstand 

disasters upon completion may not fare as well in the future if property owners do not 

make necessary replacements and repairs.  As a result, these buildings can effectively 

lead to man-made disasters, because even a beautifully appointed green building can fall 

into disrepair and be potentially dangerous if not properly maintained.   

 

LEED PLATINUM BUILDINGS IN HAZARD-PRONE AREAS 

Ironically, there are some LEED Platinum certified buildings constructed in 

hazard-prone areas that do not incorporate “above and beyond”-type natural hazard 

mitigation methods.  The National Resources Defense Council’s office in Santa Monica, 

California touts itself as a “showcase green building [that] saves land, water, energy and 

more [...] NRDC's office in Southern California is at the forefront of green building 

                                                 
41 Underwriters Laboratories.  Lecture.  GreenBuild 2009.  Phoenix.  November 12, 2009. 
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design in the United States […] The result: a building that's sustainable, economical, 

educational and pleasant to work in.42  The fact that this building is in Southern 

California means that it is vulnerable to earthquakes and wildfires as well as other 

hazards, yet hazard mitigation is not specially mentioned as part of the design after 

existing building codes are met. 

Yet another LEED Platinum building is one that was actually built to replace a 

museum damaged by an earthquake.  The California Academy of Sciences in San 

Francisco, touted as having the highest sustainability rating of any museum in the world, 

received its platinum rating in 2008.   Although this building presumably had to comply 

with the current stringent California building code guidelines for mitigating against 

seismic hazard, the LEED rating did not award points for disaster resilience.  The 

California Academy of Sciences building wanted to become “as sustainable as possible”:  

The 1989 Loma Prieta earthquake damaged the Academy’s home in 
Golden Gate Park but came with a silver lining: the opportunity to 
reinvent the facility from the ground up. After nearly a decade of planning 
and the largest cultural fundraising effort in San Francisco history, the new 
Academy opened to the public on September 27. […]“When the Academy 
was faced with the need to rebuild, the institution’s visionary Board of 
Trustees committed to building a new home that was as sustainable as 
possible,” said Academy Executive Director Dr. Gregory Farrington. “Our 
goal was to create a new facility that would not only hold powerful 
exhibits but serve as one itself, inspiring visitors to conserve natural 
resources and help sustain the diversity of life on Earth.”43  

This museum has been effectively destroyed by earthquakes twice, first in 1906 

and again in 1989.  Since earthquakes represent an existential threat to the institution, the 

                                                 
42 National Resources Defense Council – Santa Monica Office.  Online.  Available: 
http://www.nrdc.org/cities/building/smoffice/intro.asp#smtop.  Accessed March 25. 2010. 
43 New California Academy of Sciences Receives Highest Possible Rating from U.S. Green Building 
Council: LEED Platinum.  California Academy of Sciences press release.  Online.  Available: 
http://www.calacademy.org/newsroom/releases/2008/leed_platinum.php.  Accessed March 11, 2010. 
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new design has four corner concrete structures that are independent buildings with shear 

walls that can rock back and forth as much as three-quarters of an inch in their 

foundations.44  These four buildings are bound to the roof to dissipate seismic forces.  

However, the museum perhaps missed a prime opportunity to educate its visitors with the 

latest in seismic hazard mitigation design, because their earthquake-simulation exhibit 

does not reappear in the new building.   

 

A NEED FOR RESILIENT BUILDING STANDARDS 

The International Organization for Standardizations (ISO) has a Building Code 

Effectiveness Grading Schedule (BCEGS®) that assesses the building codes in effect in a 

particular community and how the community enforces these codes, with special 

emphasis on mitigation of losses from natural hazards (especially earthquake damage).  

The BCEGS program gives each municipality a BCEGS grade of 1 (exemplary 

commitment to building-code enforcement) to 10.45  

                                                 
44 Silverberg, Michael.  Part 3: The Engineering. Green Architecture’s Grand Experiment. Metropolis 
Magazine. Sept. 17, 2008.  Online. Available: http://www.metropolismag.com/story/20080917/part-3-the-
engineering. 
45 ISO’s Building Code Effectiveness Grading Schedule (BCEGS®).  International Organization for 
Standardization Mitigation Online.  Available: http://www.isomitigation.com/bcegs/0000/bcegs0001.html.   
Accessed March 12, 2010. 
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Figure 10.  Distribution of Communities by BCEGS Class for the entire U.S. (above 
graph) and California (below graph).  The personal lines classification addresses building 
code adoption and enforcement for 1- and 2-family dwellings. The commercial lines 
classification is for all other buildings. 

Do any states mandate that individual homeowners adequately prepare themselves 

for potential disaster?  The goal of any residence should be first and foremost to protect 

the inhabitants, and secondly, to resist damage or destruction.  The National Association 

of Home Builders (NAHB) follows the International Residential Code – 2003.46   NAHB 

also promotes its National Green Building Standard™, authored by the International 

Code Council and NAHB which has been approved by the American National Standards 

                                                 
46 International Residential Code – 2003.  Author: ICC.  National Association of Home Builders site.  
Online.  Available: http://www.nahb.org/generic.aspx?genericContentID=3093.  Accessed March 23, 2010. 
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Institute (ANSI).47  However, NAHB’s green building program focuses more on energy 

efficiency and savings.  NAHB’s position on natural hazard mitigation is as follows: 

While mitigation of damage to housing from hurricanes, earthquakes, and 
other natural events is potentially an effective tool for lowering future 
catastrophic property losses, home buyers are often being asked to bear the 
added cost to the construction of new housing without the benefit of a 
reasonable payback and/or other incentives. Events that result in 
catastrophic property damage typically trigger the reactionary adoption of 
stricter and unaffordable construction and code requirements. The 
proposed changes often focus on minimizing property damage and 
recovery costs, frequently without the benefit of scientific risk-based 
analyses or consideration of their cost effectiveness. […] NAHB supports 
amendments to national model building codes and industry standards for 
the purpose of mitigating property damage to residential construction from 
natural disasters that are demonstrated to be cost effective and 
affordable.48 

Some homes are built to resist flood, fire, tornadoes, and earthquakes, while 

others may tack on a tornado closet or fire alarms and never consider flood safety.  Not 

all building owners know to construct 100-foot greenbelts around structures with fire-

resistant plant materials and sprinkler systems, or to construct a raised first floor in a 

flood-prone area, or to use high-tension slabs for foundations.  It is useful to look further 

into the latest in national construction building guides as well as building codes for 

homes in disaster-prone areas such as California.  Ideally, a multi-hazard approach should 

be used for disaster-resistant construction.   

                                                 
47 National Green Building Standard™.  Authors: ICC and NAHB.  Online.  Available: 
http://www.nahb.com/publication_details.aspx?sectionID=224&publicationID=3887 
48 Codes and Standards - Natural Hazards Mitigation.  National Association of Home Builders site.  
Online.  Available: http://www.nahb.org/generic.aspx?genericContentID=3093.  Accessed March 23, 2010. 
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Existing Building Guidelines 

Additionally, the Institute for Business and Home Safety (IBHS) is a pioneer in 

producing disaster resilience guidelines.  Their mission is “to reduce the social and 

economic effects of natural disasters and other property losses by conducting research 

and advocating improved construction, maintenance and preparation practices”.49  As 

such, they have awarded over 200 building projects in 16 states with their Fortified For 

Safer Living® Designation, which uses “code-plus” upgrades that “greatly increase a 

new home's resistance to natural perils, including hurricane, tornado, wildfire, flood, 

freezing weather, hail and earthquake, as well as to fire and interior water damage” by 

strengthening a building’s outer envelope, such as the roof and wall systems, doors, 

glazed openings, and the foundation.50 

The Partnership for Advancing Technology in Housing (PATH), and the IBHS  

“Fortified” resilient design techniques are forerunners in proposing resilient green 

building design.51  However, PATH estimates that it can take 10 to 25 years for a new 

housing technology to achieve full market penetration.52   

Finally, the Federal Emergency Management Association does have a Risk 

Management Series of publications as well.  The goal of these is to provide guidelines to 

reduce physical damage to structural and nonstructural components of buildings, and to 

“reduce resultant casualties from impact by conventional bombs, chemical, biological, 

                                                 
49 About IBHS.  Institute for Business and Home Safety.  Online.  Available: 
http://www.disastersafety.org/text.asp?id=about_ibhs. 
50 Fortified for Safer Living Project Summary.  IBHS.  Online.  Available: 
http://www.homesofbolivar.com/Coastal_Collection/IBHS.htm. 
51 PATH Concept Home.  Partnership for Advancing Technology in Housing. Online.  Available: 
http://www.pathnet.org/concepthome.  Accessed Dec. 12, 2009. 
52 About PATH.  Partnership for Advancing Technology in Housing. Online.  Available: 
http://www.pathnet.org/concepthome.  Accessed Dec. 12, 2009. 
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and radiological (CBR) agents; earthquakes; floods; and high winds”.53 Though these are 

presented from more of a terrorism-mitigation perspective than a natural hazards-

mitigation perspective, these guides address the same root problems.  There are FEMA 

design guides for engineers, but architects building in earthquake-prone areas would do 

well to consult FEMA 454 Designing for Earthquakes: A Manual for Architects54.  This 

guide is a comprehensive publication that explains the principles of seismic design for 

those without a technical background in engineering and seismology.   

 
California Hazards and Building Codes 

Most of the case studies in this report are focused on California, a hazard-prone 

state which also happens to have some of the most stringent building codes and plans in 

place.  California’s 2007 State Hazard and Mitigation Plan includes various threat 

assessments and information on both primary hazards (such as wildfire, earthquakes, and 

floods) but also newly identified emerging hazards such as climate change, tsunami 

mitigation and preparedness, regional levee failure, and deadly landslides.55   

 

                                                 
53 FEMA Security Risk Management Series (SRM) Publications.  Online.  Available: 
http://www.fema.gov/plan/prevent/rms/index.shtm 
54 FEMA 454 Designing for Earthquakes: A Manual for Architects.  Online.  Available: 
http://www.fema.gov/library/viewRecord.do?id=2418. 
55 State Hazard and Mitigation Plan.  2007.  California Emergency Management Agency.  Online.  
Available: http://hazardmitigation.calema.ca.gov/plan/state_multi-hazard_mitigation_plan_shmp. 
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CASE STUDIES AND BEST MANAGEMENT PRACTICES 

Chapter 4:  Wildfire Hazard 

CALIFORNIA CEDAR FIRE, 2003 

 

 

Figure 11.  Cedar Fire Aftermath - Home Burnout. Source: Garbell.56 

 
The largest recorded fire in California history was reported at 5:37 pm on October 

25, 2003 in the Cleveland National Forest in central San Diego County.  Although the 

U.S. Forest Service deployed 10 fire engines within 10 minutes of the initial fire report, 

the Cedar Fire quickly burned over 62,000 acres in less than 12 hours.57  Twelve people 

were killed overnight as they had little warning that the fire was approaching, and by 

noon on October 26th the fire was burning hundreds of homes in the Scripps Ranch 

community.  This fast-moving fire ultimately killed 15 people and destroyed 2,820 

                                                 
56 Garbell, Derrick.  San Diego “Cedar” Fire.  Photo.  Online.  Available: http://garbell.com/fire-
26Oc03/index.htm. 
57 Bowman, Jeff, Fire Chief. Cedar Fire 2003 After Action Report.  City of San Diego Fire-Rescue 
Department.  June 2004. Online.  Available: http://www.sandiego.gov/fireandems/pdf/afteraction03.pdf. 
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buildings (including 2,232 homes).58  Full containment was achieved November 3rd and 

the final estimated cost was $204 million.59 The fire was actually started by a lost hunter 

as a signal fire, but quickly became an out-of-control wildfire because of drought 

conditions and building encroachment into the wildland-urban interface. 

 
 

 
 
Figure 12. House burning in San Diego during Cedar Fire.  Source: After Action 
Report.60 

                                                 
58 Cedar Fire – Final Update.  California Department of Forestry and Fire Protection.  Online.  Available: 
http://www.fire.ca.gov/cdf/incidents/Cedar%20Fire_120/incident_info.html.  Accessed Feb. 22, 2010. 
59 Bowman, Jeff, Fire Chief. Cedar Fire 2003 After Action Report.  City of San Diego Fire-Rescue 
Department.  June 2004. Online.  Available: http://www.sandiego.gov/fireandems/pdf/afteraction03.pdf. 
60 Ibid. 
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Figure 13.  Wildfire approaching suburban homes in San Diego during Cedar Fire.  
Source: After Action Report.61 

The Santa Ana winds caused the wildfire to grow quickly and unpredictably, and 

housing density and lack of defensible space in suburban communities led to fire quickly 

spreading from one home to the next.  The After Action Report also notes that fire 

“jumping” occurred on numerous occasions where the wildfire quickly bridged roads and 

planned fire breaks.62 

 

Fire Suppression Meets the Wildland-Urban Interface 

Research has established that fire is an intrinsic ecological process of nearly all 

North American ecosystems.63  Total fire suppression is neither possible nor desirable.  

Recent increases in housing sprawl into these ecosystems have exacerbated years of 
                                                 
61 Bowman, Jeff, Fire Chief. Cedar Fire 2003 After Action Report.  City of San Diego Fire-Rescue 
Department.  June 2004. Online.  Available: http://www.sandiego.gov/fireandems/pdf/afteraction03.pdf. 
62 Ibid. 
63 Cohen, JD (2000) Preventing disaster: home ignitability in the wildland-urban interface. Journal of 
Forestry 98(3): 15-21. 
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constant suppression of the natural fire regime because of the buildup of vegetation, 

which creates more fuel. 

This in turn has led to a buildup of understory brush which is essentially fuel for 

future wildland fires.  Communities need to work together to prevent too much growth in 

the WUI, because a wildfire is not just an individual homeowner’s problem, but the 

problem of an entire subdivision or community.  There are important community 

prevention techniques that reduce wildfire risk to existing and future homes and residents 

in the WUI, such as thinning trees on private and public lands, maintaining forest health 

through appropriate management, and requiring non-flammable building materials.64 Any 

tree thinning, however, should ideally be performed in an environmentally sensitive 

manner, relocating native trees where appropriate and taking care to primarily thin the 

less drought-tolerant non-native trees. 

 

Wildfires in California 

Wildfires have been increasing in recent years, particularly in California as 

drought conditions are compounded by increased building in the wildland-urban 

interface.  An analysis of economic wildfire losses per year over nearly 60 years showed 

a general trend of increasing costs, with noticeable spikes in 2003 ($974 million in 

losses) and 2008 ($899 million in losses) (See Figure 14).   

                                                 
64 Wildfire Hazard in the Wildland-Urban Interface. (2009)  Sustainable Community Development Code 
Beta Version 1.2. Sustainable Community Development Code: A Code for the 21st Century.  Rocky 
Mountain Land Use Institute. 
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Figure 14.  Economic Losses from Wildfires in California, 1950-2008.  Source: CAL 
FIRE.65 

  

                                                 
65 CAL FIRE Jurisdiction Fires, Acres, Dollar Damage, and Structures Destroyed. CAL FIRE. Produced 
July 16, 2009. 

$‐

$200,000,000 

$400,000,000 

$600,000,000 

$800,000,000 

$1,000,000,000 

$1,200,000,000 
Damage by Year



 36

Nine of the top 20 California wildfires by number of structures destroyed 

occurred in the last decade alone (Figure 15). 

 

Figure 15. Structural and Human Losses from 20 Largest California Wildfires.  (Largest 
by number of structures destroyed.)  Source: CAL FIRE.66 
 
 

A major factor in increased number of wildfires is the changing ecosystem.  

Grassland has been expanding at the expense of woodland and shrubland due to 

environmental changes believed to be tied to climate change.67  Increased grassland often 

leads to increased total annual area burned, according to dynamic general vegetation 
                                                 
66 20 Largest California Wildland Fires (By Structures Destroyed).  CAL FIRE.  Produced Nov. 4, 2009. 
67 Lenihan JM, Dominique Bachelet, RP Neilson, Raymond Drapek.  (2008) Response of vegetation 
distribution, ecosystem productivity, and fire to climate change scenarios for California. Climatic Change 
87 (Suppl 1):S215–S230. 
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models involving fire.68  Population and housing density in the wildland-urban interface 

has increased drastically over the last few decades, and with this densification comes new 

risk of wildfire hazards (Figure 16). 

  
Figure 16. Wildland-Urban Interface Change in Housing Density, 1990-2000. Source: 
Radeloff.69 

 

  

                                                 
68 Lenihan JM, Dominique Bachelet, RP Neilson, Raymond Drapek.  (2008) Response of vegetation 
distribution, ecosystem productivity, and fire to climate change scenarios for California. Climatic Change 
87 (Suppl 1):S215–S230. 
69 Radeloff, Volker C.  1990-2000 Wildland-Urban Interface change in the U.S. West Coast. 
SILVIS Lab.  Online.  Available: http://silvis.forest.wisc.edu/projects/WestCoast_WUI_Change.asp 



 38

During the fall seasons of 2007 and 2009, massive wildfires continuously erupted 

in southern California, aided by long-lasting drought and the Santa Ana winds (Figure 

17).  A total of 420,000 acres of land burned between Santa Barbara County and the 

Mexican border, millions were evacuated, and each time, Gov. Arnold Schwarzenegger 

declared a state of emergency.70 

 
Figure 17. Southern California Fires 2003-2007.  Source: California Office of Emergency 
Services.71 
 

CALIFORNIA BUILDING CODES 

There is a clear connection between increased urbanization, sprawl into 

previously undeveloped areas, and wildfire risk.  Consequently, the State of California 

                                                 
70 Hudson, Jude. Planning with Fire: Balancing Growth and Safety in Fire Hazard Areas.  March 2008.  
Western City.  Online.  Available: http://www.cacities.org/index.jsp?zone=wcm&previewStory=27141 
71 California Office of Emergency Services.  Online.  Available: 
http://www.oes.ca.gov/WebPage/oeswebsite.nsf/InteractiveMAp?readForm.  Accessed Dec. 5, 2009. 
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has some of the most stringent building codes for fire prevention and resistance in the 

U.S.72  Chapter 7A of the building code mandates specific materials and construction 

methods for exterior wildfire exposure.73  Chapter 47 of the fire code lists standard 

Requirements for Wildland-Urban Interface Fire Areas.  These are enforced by the Office 

of the State Fire Marshal.  Under the new building codes, protecting a building from 

wildfire includes two major components: removing flammable materials from around the 

building and constructing the building of fire resistant material.74  Thus, fuel modification 

to 100 feet (or the property line) around buildings would create a “defensible space” for 

firefighters and home protection.  Any new LEED credits for Hazard Mitigation and 

Resilience would have to not only meet these existing requirements, but also exceed 

them. 
 

MITIGATION MEASURES FOR WILDFIRE RISK 

This chapter will investigate best practices for wildfires specifically, though some 

of the measures used to mitigate wildfires would also serve to make a home more 

resistant to earthquake and floodwaters as well.  The National Fire Protection Association 

(NFPA) produces guidelines for best practices for wildfire mitigation: the NFPA 1144 

Standard for Protecting Life and Property from Wildfire and NFPA 1141 Standard for 

Fire Protection in Planned Building Groups (2008) are invaluable sources for codes and 

standards that address the increasing challenges of fire protection in suburban and rural 

                                                 
72 Wildland Hazard/ Building Codes.  California Dept. of Forestry and Fire Protection.  Online.  Available: 
http://www.fire.ca.gov/fire_prevention/fire_prevention_wildland.php. 
73 Chapter 7A (SFM).  Materials and Construction Methods for Exterior Wildfire Exposure. State of 
California.  Online.  Available: 
http://www.fire.ca.gov/fire_prevention/fire_prevention_wildland_codes.php. 
74 Wildland Hazard/ Building Codes.  California Dept. of Forestry and Fire Protection.  Online.  Available: 
http://www.fire.ca.gov/fire_prevention/fire_prevention_wildland.php. 
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locales.75  The NFPA 1144 document has been officially adopted by state and local 

governments and adapted for use by numerous jurisdictions involved in planning 

Firewise Communities, and also contains a Wildland Fire Risk system and a Hazard 

Severity Assessment system.  These NFPA documents are used heavily in building the 

LEED credits for Hazard Mitigation and Resilience in Chapter 6. 

Firewise Factors 

Firewise Communities (a branch of the NFPA) has produced a comprehensive 

guide called “Safer from the Start: A Guide to Firewise-Friendly Developments”.76  This 

guide has language excerpted from both the 2002 and 2008 NFPA 1144 editions to 

demonstrate how the standard language could be used in community rules and 

requirements.  This language is used frequently in the LEED Hazard Mitigation and 

Resilience credit area for fire hazard mitigation methods. 

IBHS Region-Specific Guides 

Following the devastating wildfires in Southern California in October 2007, the 

Institute for Business and Home Safety (IBHS) has produced a series of region-specific 

guides designed to help property owners better understand their risks.  These guides are 

ideal because they are tailored to each area, which all have distinctive topographical 

features, separate regional building styles, and different construction materials available.  

There is a specific fire protection guide for Southern California that attempts to educate 

readers about minimizing risk by focusing on three areas: the house or business itself, 

                                                 
75 NFPA 1144 Standard for Protecting Life and Property from Wildfire and NFPA 1141 Standard for Fire 
Protection in Planned Building Groups (2008). Revised from NFPA 299: Standard for Protection of Life 
and Property from Wildfire (1997).  National Fire Protection Association.  
76 Safer from the Start: A Guide to Firewise-Friendly Developments.  Firewise Communities.  NFPA 
publication. 2009.  Online.  Available: http://www.firewise.org/resources/files/Safer-From-the-Start.pdf.  
Accessed March 24, 2010. 



 41

landscaping nearby, and the general vegetation in the area surrounding the structure.77  

This guide also provides an assessment with checklist of wildfire prevention steps for 

property owners. 

 

THE HOME IGNITION ZONE 

In wildland-urban interface (WUI) fires, the homes are the fuel, and home 

ignitability, rather than wildland fuels, is the principal cause of home losses during these 

fires.  These findings are corroborated by the research of wildland fire expert Jack D. 

Cohen.  His overview “Reducing the Wildland Fire Threat to Homes: Where and How 

Much?” provides information on which factors contribute to home resilience against 

wildfires.78 Flammable roofing materials (such as cedar shingles) and the presence of 

burnable vegetation (such as ornamental trees, shrubs, or wood piles) immediately 

adjacent to homes were found to be key factors contributing to WUI fire losses.79  Cohen 

discusses the home ignition zone (the 100 to 200 feet surrounding a home) further in his 

paper “Wildland-Urban Fire – A Different Approach”.  Fires in WUI situations ignite 

either directly from flames (through radiation or convection heating) or from sparks and 

firebrands (floating embers) accumulating directly on the home. Cohen’s research involved 

placing wall sections at 33, 66, and 98 feet from the forest edge – and while ignition of the 33 

ft wall section occurred during 3 out of 7 crown fires, ignition was prevented at 66 ft and 98 

                                                 
77 Protect Your Property from Wildfire: Southern California Edition.  IBHS.  Online.  Available: 
http://www.disastersafety.org/resource/resmgr/wf_guides/wf_s-california_final.pdf 
78 Cohen JD (1999) Reducing the Wildland Fire Threat to Homes: Where and How Much? Fire Economics 
Symposium in San Diego, California on April 12, 1999. 
79 Cohen JD (2000) What is the Wildland Fire Threat to Homes? Thompson Memorial Lecture 
Presentation. School of Forestry, Northern Arizona University, Flagstaff, AZ 



 42

ft during all crown fire situations.80 Furthermore, high intensity flame fronts (crown fires) 

have not been shown to ignite wooden walls at distances greater than 130 feet, according to 

Cohen's Structure Ignition Assessment Model (SIAM).81  

Cohen found that “The ignition characteristics of a home and the burning 

characteristics of the surrounding flammable materials within the ignition zone determine 

a home’s W-UI ignition potential.”82  A low ignition potential home can reduce potential 

fire destruction even if there is no vegetation fuel reduction in the surrounding wildland 

area (see Figure 18). 

 

 

Figure 18. Low Ignition Potential Home Ignition Zone83 

 
  

                                                 
80 Cohen JD (2001).  Wildland-Urban Fire – A different approach.  Proceedings of the Fire Safety Summit, 
Missoula, MT, November 7-9, 2001 (Missoula, MT: USDA, Forest Service, Rocky Mountain Research 
Station). 
81 Cohen JD (1995) Structure Ignition Assessment Model (SIAM), pp. 85-92 in The Biswell Symposium: 
Fire issues and solutions in urban interface and wildland ecosystems. USDA Forest Service Gen. Tech Rep. 
PSW-GTR-158.  
82 Cohen JD (2000) What is the Wildland Fire Threat to Homes? Thompson Memorial Lecture 
Presentation. School of Forestry, Northern Arizona University, Flagstaff, AZ 
83 Ibid. 
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Defensible Space 

The concept of “defensible space” is now incorporated into building law in 

California, and since 2006 most Californians are required to create 100 feet of non-

vegetated space around their properties.  A building should be divided into three zones, 

with a well-irrigated and sparsely vegetated first zone of at least 30 feet that uses fire-

resistant plants located a safe distance away from the structure (Figure 19).84   

 
Figure 19. Defensible Space Landscaping.  Source: Hermansen et. al.85 
 

Wood piles, propane tanks, and children’s wooden play equipment should also 

not be directly adjacent to the building.  Defensible space landscaping also means that 

overhanging trees are removed in order to prevent leaf litter and other debris from 

infiltrating the building’s gutters.  Additionally, if the home is on a slope, fire can and 

does move more quickly up steep slopes, so extra defensible space may be more prudent. 

                                                 
84 Defensible Space.  FireSmartDS.  Online.  Available: http://www.firesmartds.com/defensible_space.htm 
85 Hermansen, A., W. Smith, A. Long, C. Randall, A. Behm, D. Doran. 2004. Fire in the wildland-urban 
interface in the USA South. P. 319-334 in Forestry Serving Urbanized Societies, IUFRO Conference, 
Copenhagen, Denmark, 2002. 
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Roofing Material 

The roof is seen as the most vulnerable part of any structure for wildfire risk, as 

embers here can ignite the entire house, though attics, eaves, and crawlspaces can also be 

dangerous because embers can travel through vents to other locations.  ASTM 

International (ASTM), originally known as the American Society for Testing and 

Materials, has developed a rating class system for roofing: 

 
 Class "A": The highest fire-resistance rating for roofing as per ASTM E-

108. Indicates roofing is able to withstand severe exposure to fire 
originating from sources outside the building. Roofing cannot slip from 
position, and does not present a flying brand hazard. 

 Class "B": Fire-resistance rating that indicates roofing materials are able 
to withstand moderate exposure to fire originating from sources outside 
the building. Roofing cannot slip from position, and does not present a 
flying brand hazard. 

 Class "C": Fire-resistance rating that indicates roofing materials are able 
to withstand light exposure to fire originating from sources outside the 
building. Roofing cannot slip from position, and does not present a flying 
brand hazard.86 

 
A Class “A” fire-resistant roofing material, such as asphalt shingles, is the best for 

preventing fire.  Other materials may be rated Class “A” if treated chemically, but the 

rating can be lower if arranged in a “complex” roof manner that has multiple crevices 

more likely to create hot spots where embers can collect (Figure 20). 

                                                 
86 ASTM E108 - 10a Standard Test Methods for Fire Tests of Roof Coverings.  ASTM International.   
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Figure 20. Various types of roofing material available (top to bottom: Wood shake (Class 
“B” if treated), Asphalt shingles (Class “A”), and Barrel tile (Class “A”, but potentially 
lower if roof is complex).  Source: IBHS.87 

Windows and Doors 

Windows and doors are also particularly vulnerable to wildfire, and a window 

exposed to radiant heat or flames for only a few minutes will break, thus letting flames 

inside the structure.  Double-pane glass can prevent a home from succumbing to wildfire 

as easily (Figure 21).   

 

 

Figure 21. Dual pane glass with only outer pane broken after fire.  Source: IBHS.88 

                                                 
87 Protect Your Property from Wildfire: Southern California Edition.  IBHS.  Online.  Available: 
http://www.disastersafety.org/resource/resmgr/wf_guides/wf_s-california_final.pdf 
88 Ibid. 
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The California Building Code does now require that all new buildings in wildfire-

prone areas be constructed with double-pane windows, with at least one of those 

possessing tempered glass.  Furthermore, larger windows are more susceptible to 

breakage than smaller windows because larger windows have less of an edge by area, so 

they have lower structural support and therefore fall out more easily in case of fire.  If 

windows cannot be replaced, half-inch plywood shutters afford another measure of 

protection.  The code also requires that exterior doors be constructed of noncombustible 

material, or if solid wood, be at least 13/8 inch thick.  

The first home certified by the Institute for Business and Home Safety in 

California is at least 20 percent above fire and earthquake codes and is being constructed 

in Napa County.  This building has a highly resistant shell, steel interior frame, insulated 

shutters, no ventilation and insulation constructed of concrete-filled fire-resistant foam 

building blocks almost a foot thick (see Figure 22).89  

                                                 
89 Paulson, Sasha.  Fireproofing a dream home high on an architect’s priorities.  Napa Valley Register.  
Online.  Available: 
http://www.napavalleyregister.com/articles/2008/08/09/home/green_house/doc488a972f5a091300769486.t
xt. 
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Figure 22. Fireproof home in Napa County. Source: Napa Valley Register.90 

 

HAZARDS DATA ANALYSIS 

To determine what factors were especially likely to lead to hazard-related damage 

or loss of life, Cohen’s Structural Ignition Assessment Model (SIAM) was studied.91 

With the SIAM model, the case studies chosen examine significant factors related to home 

survival for two fires that destroyed hundreds of homes: 

 
The Bel Air fire resulted in 484 homes destroyed (Howard et al. 1973) and the 
Painted Cave fire destroyed 479 homes (Foote 1994). Analyses of both fires 
indicate that home ignitions depend on the characteristics of a home and its 
immediate surroundings. Howard et al. (1973) observed 95 percent survival for 
homes with nonflammable roofs and a vegetation clearance of 10 to 18 meters. 
Foote (1994) observed 86 percent survival for homes with nonflammable roofs 
and a clearance of 10 meters or more. 92 

                                                 
90 Paulson, Sasha.  Fireproofing a dream home high on an architect’s priorities.  Napa Valley Register.  
Online.  Available: 
http://www.napavalleyregister.com/articles/2008/08/09/home/green_house/doc488a972f5a091300769486.t
xt. 
91 Cohen JD (1995) Structure Ignition Assessment Model (SIAM), pp. 85-92 in The Biswell Symposium: 
Fire issues and solutions in urban interface and wildland ecosystems. USDA Forest Service Gen. Tech Rep. 
PSW-GTR-158.  
92 Cohen JD (2000) What is the Wildland Fire Threat to Homes? Thompson Memorial Lecture 
Presentation. School of Forestry, Northern Arizona University, Flagstaff, AZ 
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The Foote analysis shows as well that homes with noncombustible roofs and 

vegetation clearance (creating a defensible space) had a 90% chance of survival 

(increased to 99% when defensive actions were also taken by civilians or firefighters).  

Houses with combustible roofs, no vegetation clearance, and lack of intervention had a 

4% chance of survival. In the Painted Cave fire, pre-fire management led to almost 

guaranteed home survival rather than near-guaranteed home loss. 93 

 Looking rationally at these factors and others from after-action reports can 

provide clear evidence that certain mitigation factors can make a difference in structural 

resilience.  These mitigation factors should then be incorporated into the Hazard 

Mitigation and Resilience credit area, clearly backed up by references.  Mitigation factors 

for wildfires should be used in every building because fire risk can occur anywhere.  To 

provide a more region-specific counterexample, the following chapter analyzes 

earthquake hazard, which is often seen as primarily a Californian concern – though other 

regions of the U.S. should be concerned about earthquake as well. 

  

                                                 
93 Foote, Ethan I.D. 1996. Structural survival on the 1990 Santa Barbara “Paint” fire: A retrospective study 
of urban wildland interface fire hazard mitigation factors. MS thesis, University of California at Berkeley. 
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CASE STUDIES AND BEST MANAGEMENT PRACTICES 

Chapter 5:  Earthquake Hazard 

CALIFORNIA LOMA PRIETA EARTHQUAKE, OCTOBER 17, 1989 

 
Figure 23.  Rescue efforts, Pacific Garden Mall, after Loma Prieta Earthquake. Source: 
Meyer, U.S. Geological Survey.94 

The “World Series” earthquake measured 6.9 on the Richter scale and struck the 

San Francisco Bay Area on October 17, 1989, at 5:04 p.m. local time.  This Loma Prieta 

earthquake also happened to occur during the live network television broadcast of the 

1989 World Series, hence the name.  Ground shaking lasted 10-15 seconds, killing 63 

people and leaving between 3,000 - 8,000 individuals homeless.95  FEMA relief costs 

                                                 
94 Meyer, C.E. U.S. Geological Survey.  Online.  Available: http://pubs.usgs.gov/dds/dds-
29/web_pages/scruz.html.  Accessed March 28, 2010. 
95 EERI, November 1989. Loma Prieta Earthquake, October 17, 1989. Preliminary Reconnaissance 
Report. 
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were estimated at $0.87 billion dollars.96  The Loma Prieta earthquake destroyed roughly 

12,000 homes and 2,600 buildings, causing an estimated $6 billion ($11 billion in current 

value) in property damage.97  A damage overview follows: 

 
Highest Modified Mercalli Intensities: X (extreme damage) to IX 
(heavy damage) was limited to the vicinity of the San Andreas Fault trace 
in the southern Santa Cruz Mountains from Highway 17 to near Aromas in 
Santa Cruz County. Most of the Bay Area only experienced V (strongly 
felt) to VII (light damage). VIII (moderate damage) occurred throughout 
much of eastern Santa Cruz County and in areas around San Francisco 
Bay underlain by poorly consolidated sediments and artificial fill. Some of 
the heaviest damage occurred in San Francisco's Marina District and 
China Basin (the same areas built on fill heavily shaken during the 1906 
earthquake).98 

 
 

EARTHQUAKES IN THE UNITED STATES 

Earthquakes are an ever-present hazard in southern California due to the presence 

of the Elsinore and San Jacinto Fault. (Figure 24).  These fault lines coincide with some 

high population centers, creating a need for high seismic-risk building codes and 

mitigation methods. 

 

                                                 
96 Cutter, Susan L, ed. (2001) American Hazardscapes: The Regionalization of Hazards and Disasters.  
Joseph Henry Press. 
97 U.S. Geological Society.  San Andreas Fault, chapter 1, p. 5. "Comparison of the Bay Area Earthquakes: 
1906 and 1989." Online.  Available: http://pubs.usgs.gov/of/2005/1127/chapter1.pdf.  Accessed March 10, 
2010. 
98 Ibid. 
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Figure 24. California Probabilistic Seismic Hazards Map99 

 
However, other regions of the U.S. may underestimate their earthquake risk 

simply because they have not yet faced seismic hazards – such as Seattle or Portland, 

Oregon – both high-population metropolitan areas that could be devastated by an 

earthquake (see following Figure 25). 

The 2008 U.S. Geological Survey National Seismic Hazard Maps can be readily 

downloaded online and show probabilistic ground motion maps for Peak Ground 

Acceleration (PGA), 1Hz (1.0 second SA), and 5Hz (0.2 second SA).100 

                                                 
99 Probabilistic Seismic Hazards Map.  State of California Department of Conservation.  Online.  
Available: http://www.consrv.ca.gov/cgs/rghm/psha/Pages/index.aspx 
100 2008 NSHM Figures.  Earthquake Hazards Program.  U.S. Geological Survey.  Online. Available: 
http://earthquake.usgs.gov/hazards/products/conterminous/2008/maps/ 



 52

 
Figure 25. Peak Ground Acceleration Map for Coterminous U.S.  Return period = 2% in 
50 years.  Source: USGS.101 

 

Earthquakes are some of the most devastating natural events because they strike 

without warning, allowing virtually no time for preparation or evacuation. Note the 

variance in damage and magnitude of three recent earthquakes: 

                                                 
101 2008 NSHM Figures.  Earthquake Hazards Program.  U.S. Geological Survey.  Online. Available: 
http://earthquake.usgs.gov/hazards/products/conterminous/2008/maps/us/PGA.usa.jpg.  Accessed March 
25, 2010. 
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1994 Northridge Earthquake – January 17, 1994 
Magnitude: 6.7, Northridge, California 
The Northridge earthquake resulted in over 60 deaths, more than 5,000 
injuries, and over 25,000 people left homeless, and it occurred in the early 
morning of a holiday. Direct economic losses from the Northridge 
earthquake are estimated at about $25 billion. But the Northridge 
earthquake was not even the big one […] the main shock lasting roughly 
15 seconds. By contrast, the 1906 San Francisco earthquake was estimated 
as a magnitude 8.3 event, lasting 45 seconds. The 1964 Alaska earthquake 
(magnitude 8.4) lasted over 3 minutes. 102 

2002 Denali Earthquake – November 3, 2002 
Magnitude 7.9, Denali, Alaska.  
This was one of the largest recorded earthquakes in our Nation's history, 
causing countless landslides and road closures, but minimal structural 
damage and amazingly few injuries and no deaths. Although the remote 
location of the earthquake helped ensure that it was not more devastating, 
advanced seismic monitoring from the United States Geological Survey 
(USGS), long-term research, and a commitment to earthquake 
preparedness and mitigation played key roles. 103 
 
2003 San Simeon Earthquake - December 22, 2003 
Magnitude 6.5,  San Simeon, California.  
Although it did not rupture the surface, the earthquake triggered landslides 
and caused strong shaking. The worst damage occurred in Paso Robles, 24 
miles southeast of the epicenter, where numerous older buildings were 
damaged and one building collapsed, killing two people. In response to the 
San Simeon earthquake, the USGS produced a ShakeMap within 9 
minutes of the event. The ShakeMap served as the basis for loss 
estimation by the California Office of Emergency Services using HAZUS, 
or Hazards U.S., within 1 hour.104 

The U.S. has been fairly fortunate with earthquake disasters so far – the last great 

earthquake (magnitude 8 or larger) to strike a major metropolitan area was the 1906 San 

Francisco earthquake.  A graph of earthquake deaths follows: 

 
                                                 
102 Earthquakes in the United States.  FEMA Website.  Online.  Available: 
http://www.fema.gov/hazard/earthquake/usquakes.shtm.  Accessed March 10, 2010. 
103 Ibid. 
104 Ibid. 



 54

 

Figure 26.  U.S. Earthquake Deaths, 1952-2010.  (Note the San Fernando, Loma Prieta, 
and Northridge Quakes.)  Data Source: U.S. Geological Survey.105 

 

EARTHQUAKE HAZARDS DATA ANALYSIS 

An analysis of factors that contribute to earthquake damage is a useful starting 

point to back up standards established in the Hazard Mitigation and Resilience credit 

area.   

Ground Shaking 

The primary factors controlling ground shaking at an individual site are the 

seismic energy released by the earthquake, the distance of the site from the causative 

fault, and the response of surface geologic materials to bedrock motion beneath the 

                                                 
105 Deaths from U.S. Earthquakes.  U.S. Geological Survey.  Online.  Available: 
http://earthquake.usgs.gov/earthquakes/states/us_deaths.php. 
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site.106  Wave amplifications are also higher in steep topography, such as ridge crests, and 

structural damage is most severe for buildings constructed on “unconsolidated 

material”.107  Furthermore, the frequency of a wave, or number of vibrations per second 

measured in Hertz (Hz), is also crucial: 

 
High frequency waves tend to have high accelerations but relatively small 
amplitudes of displacement.  Low frequency waves have small 
accelerations but large velocities and displacements. During earthquakes, 
the ground may vibrate at all frequencies from 0.1 to 30 Hz. If the natural 
period of a building’s vibration is close to that of seismic waves, 
resonance can occur, which causes the building to sway. Low-rise 
buildings have short natural wave periods (0.05–0.1 seconds) and high-
rise buildings have long natural periods (1–2 seconds).108 

Secondary Earthquake Hazards 

Soil liquefaction is a serious secondary hazard associated with loose sediments, 

when water-saturated material can temporarily lose strength and behave as a fluid 

because of strong ground shaking. Non-compacted sand and silt situated less than 30 feet 

(roughly 10 m) below the surface are primarily involved.109  This can lead to four types 

of ground failure: 
 

 Lateral spread – involves the horizontal displacement of surface blocks as a result 
of liquefaction of a subsurface layer. 

 Ground oscillation – when liquefaction occurs at depth, often accompanied by 
ground fissures. 

 Loss of bearing strength – when a shallow layer of soil liquefies under a building. 
 Flow failure – perhaps the most devastating, wherein miles of material are 

displaced by liquefaction at rapid speeds.110 

                                                 
106 Page, R.A., W. B. Joyner, and J. A. Blume, “Earthquake Shaking and Damage to Buildings: Recent 
evidence for severe ground shaking raises questions about the earthquake resistance of structures,” Science 
189, no. 4203 (8, 1975): 601-608.  
107 Smith, Keith (2009) Environmental Hazards: Assessing Risk and Reducing Disaster, 5th ed.  Routledge. 
108 Ibid. 
109 Ibid. 
110 Ibid. 
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Landslides, rock, and snow avalanches can also result from ground shaking when 

natural slopes fail.  Landslides are unlikely to be triggered by earthquakes less than 

M=4.0 but the maximum area likely to be affected by landslides in a seismic event 

increases rapidly thereafter. 111  Rock falls, soil slides, and rock slides are the most 

commonly occurring hazard (Table 1): 
 

 
 

Relative Abundance of Earthquake-
Induced Landslides  Description 

Very Abundant Rock falls, disrupted soil slides, rock 
slides  (more than 100,000 in the 40 earthquakes) 

Abundant Soil lateral spreads, soil slumps, soil block 
slides, soil avalanches (10,000 to 100,000 in the 40 earthquakes) 

Moderately common 
Soil falls, rapid soil flows, rock slumps (1000 to 10,000 in the 40 earthquakes) 

Uncommon Subaqueous landslides, slow earth flows, 
rock block slides, rock avalanches (100 to 1000 in the 40 earthquakes) 

 Table 1. Abundance of Earthquake-Induced Landslides from 40 Historical Earthquakes.  
Source: Special Publication 117A (adapted from Keefer, 1984).112 

 

IMPORTANCE OF BUILDING CODE 

According to Richard Klingner, Professor in Civil Engineering, the best way for a 

property owner to prevent earthquake damage is to “live in a place that enforces building 

codes”.113  Although new building codes will facilitate construction of seismic-resistant 

structures in the future, those codes do not address the dangers of structures built before 

safer codes were adopted. 

                                                 
111 Smith, Keith (2009) Environmental Hazards: Assessing Risk and Reducing Disaster, 5th ed.  Routledge. 
112 Special Publication 117A.  Guidelines for Evaluating and Mitigating Seismic Hazards in California 
2008.  California Geological Survey. 
113 Richard Klingner. Professor in Civil Engineering, The University of Texas at Austin.  Personal 
conversation.  March 12, 2010. 
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The 1971 San Fernando Earthquake destroyed two hospitals, including the Olive 

View Medical Center.114  After this quake, building codes were strengthened and the 

Alquist-Priolo Special Studies Zone Act was passed in 1972.  The Alquist-Priolo Act 

prohibits the location of most structures for human occupancy across the traces of active 

fault to mitigate the hazard of fault rupture, and ensures that structures are not built 

within 50 feet of the active fault zone.115  Additionally, the 2007 California Building Code 

(CBC) requires analysis of liquefaction and slope-stability for various categories of 

construction.116  The CBC also prescribes alternative methods to obtain the ground motion 

inputs used in these pre-construction analyses.117 

 

                                                 
114 San Fernando Earthquake.  Southern California Earthquake Data Center.  Online.  Available: 
http://www.data.scec.org/chrono_index/sanfer.html.  Accessed March 3, 2010. 
115 Chapter 7.5 Earthquake Fault Zoning.  California Geological Survey - Alquist-Priolo Earthquake Fault 
Zones.  Updated Oct. 2, 2007. Online.  Available: 
http://www.consrv.ca.gov/cgs/rghm/ap/Pages/chp_7_5.aspx. 
116 California Building Code. California Building Standards Commission.  Online. Available: 
http://www.bsc.ca.gov/default.htm. 
117 Ibid. 
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Figure 27. Aftermath of a California Earthquake.  Source: California Geological 
Survey.118 

 

Established Standards and Codes – Loma Prieta Earthquake 

The extent that the built environment performed well through this earthquake was 

largely because of established standards and codes.  A specific assessment of Hollister 

and Milpitas, two buildings that survived the quake, was performed: 

 
The one-story warehouse in Hollister is representative of traditional 
construction with a plywood roof diaphragm and cast-in-place pilasters. 
The two-story industrial building in Milpitas has window openings in 
every panel, includes a metal-deck floor diaphragm and a wood roof, and 
represents modern trends in tilt-up construction. Structural damage was 
not observed in either building following the Loma Prieta earthquake. The 
general nature of the measured dynamic response is similar […] Tilt-up 

                                                 
118 Special Publication 117A.  Guidelines for Evaluating and Mitigating Seismic Hazards in California 
2008.  California Geological Survey. 
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construction is used throughout the U.S. for low-rise commercial and 
industrial buildings.119 

An analysis of horizontal ground accelerations was performed (Figure 28): 

 

 

Figure 28.  Horizontal Ground Accelerations Measured in Hollister and Milpitas 
Buildings.  Source: Celebi, 1998.120 

 On closer inspection, researchers found significant factors that may have helped 

these two buildings withstand the quake.  These factors emphasize the importance of 

ensuring that all structural components can withstand tension as well as compression, 

especially at the joints. Stone or masonry building can withstand a lot of compression, 

due to gravity forces or others, but hardly any tensions, which occur during earthquakes.  

These technical details may be better explained in the table below showing a single-story, 

two-bay reinforced concrete frame with one bay of steel cross bracing.  This table 

provides a sequence of nonlinear events used in a “pushover analysis” (Table 2): 

                                                 
119 Mehmet, Celebi, ed. (1998) The Loma Prieta, California, Earthquake of October 17,1989-Building 
Structures.   Performance of the Built Environment.  Thomas L. Holzer, Coordinator.  U.S. Geological 
Survey Professional Paper 1552-C. 
120 Celebi, Mehmet, ed. (1998) The Loma Prieta, California, Earthquake of October 17,1989-Building 
Structures.   Performance of the Built Environment.  Thomas L. Holzer, Coordinator.  U.S. Geological 
Survey Professional Paper 1552-C. 
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Table 2.  Evaluation of Seismic Capacity through “Pushover Analysis”. Source: FEMA 
454.121 

While this level of detail may be daunting for a non-engineer to follow, it is useful 

to recognize that built environment studies do exist, and that general guidelines for what 

factors reinforce buildings from seismic hazards have been formed from these after-

earthquake studies.  Information on setbacks and slope, for instance, is important when 

considering building density (Figure 29).   

                                                 
121 FEMA 454 Designing for Earthquakes: A Manual for Architects.  Online.  Available: 
http://www.fema.gov/library/viewRecord.do?id=2418. 
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Figure 29. Minimum Setbacks Established by the California Building Code.  
Source: California Building Standards Commission.122 

 

MITIGATION MEASURES FOR EARTHQUAKE RISK 

Earthquake Engineering  

The main two standards in earthquake engineering are ensuring that a building 

first and foremost is safe through the hazard for occupants, and secondly that it continues 

to be serviceable after the seismic event.  Vibration control technologies, especially base 

isolation, are crucial earthquake engineering methods to mitigate seismic hazard.  The 

Seismic Design Handbook says that structural design should usually involve quantitative 

dynamic analysis with engineers obtaining information on likely seismic intensity for 

specific construction sites.123  Unfortunately, building technology for a while lagged 

                                                 
122 California Building Code. California Building Standards Commission.  Online. Available: 
http://www.bsc.ca.gov/default.htm. 
123 Naeim, Farzad. The Seismic Design Handbook. 2nd ed. Springer, 2001.   
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behind current standards, using light “curtain walls” instead of heavy masonry walls 

between elastic steel beams: 

 
[E]lastic strength has sometimes been compromised, when solid steel 
beams have been replaced by concrete columns only reinforced by steel 
bars. [San Francisco consulting engineer Henry J.] Degenkolb says that 
columns with straight steel bars have proven too brittle; a helical winding 
of steel is needed in addition, to make the concrete more ductile. Ductility 
requirements were eventually added to the California building code in 
1973, but thousands of buildings constructed under the old code remain, 
and the cost of replacing or strengthening them appears prohibitive. Says 
Degenkolb, “Every engineer in the state knows what's going to happen.” 
In the worst cases, he says such buildings may simply “pancake.”124 
 

California’s Special Publication 117A, Guidelines for Evaluating and Mitigating 

Seismic Hazards in California 2008, provides particularly useful best practices for 

mitigation and is relied upon heavily for the standards listed in the Hazard Mitigation and 

Resilience credit area.125   

 

TOOLS FOR MEASURING RISK 

One very helpful tool for determining building design parameters for seismic 

hazards is the U.S. Seismic Design Maps Web Application.  This web application 

currently outputs earthquake ground motion parameters for designing structures in 

accordance with the 2009 NEHRP Recommended Seismic Provisions for New Buildings 

and Other Structures, FEMA P-750 (“2009 NEHRP Provisions”), which will be adopted 

                                                 
124 Douglas, John H. Earthquake Research (2): Averting Disaster.  
 Science News, Vol. 115, No. 6 (Feb. 10, 1979), pp. 90-92. Published by Society for Science & the Public. 
125 Special Publication 117A.  Guidelines for Evaluating and Mitigating Seismic Hazards in California 
2008.  California Geological Survey. 
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by the 2012 International Building and Residential Codes (and, correspondingly, the 

2010 ASCE-7 Standard).126  

Additional information is needed for factors and specifics on after-action reports.  

This is a future opportunity for risk experts and engineers to provide simplified statistical 

analysis to architects and other building designers on the most cost-effective factors to 

increase building safety and serviceability during and after an earthquake. 
  

                                                 
126 U.S. Seismic Design Maps Web Application.  Seismic Design Maps and Tools for Engineers.  U.S. 
Geological Survey.  Online.  Available: http://earthquake.usgs.gov/hazards/designmaps.  
Note: Other related building code reference documents (e.g., the 2010 ASCE-7 Standard and the 2012 
International Building Code), and previous editions of such documents, will be added in the future. 
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REVISING LEED-NC 

Chapter 6:  Detailed Hazard Mitigation Credit Rubric 

INTRODUCING A NEW LEED CREDIT AREA 

The Hazard Mitigation Credit Area would be an eighth credit area, following the 

other seven required credit areas, in which a building would be eligible to add points to 

its total score for all earned credits.  The intent of this new credit area is not to use LEED 

as a replacement for existing building codes, but to support their implementation, 

encourage additional mitigation than what is required, and act as a checklist for areas 

where there might be no building codes enforced. 

LEED frameworks should be developed for all hazard types, recognizing that 

certain mitigation strategies are more valid for some regions than others.  Any 

construction in an area should have to comply with established best practices for 

avoidance and mitigation for that region’s specific known hazards.  Additionally, if the 

LEED framework is ever made mandatory by law, then LEED guides should be made 

available online free of charge to any construction managers or property owners seeking 

information.  This would also allow rapid updates as new information is available, and 

case studies and methods could be easily dissimilated.   

Under the revised LEED 2009 (Version 3) certification system, there are seven 

areas in which buildings and construction projects can receive credits, including one 

section titled “Sustainable Sites” which mandates certain development requirements 

primarily aimed at environmental protection of land and the surrounding ecosystem.127 

Although there is a component of the LEED Site Selection credit that specifies that 

buildings must be five feet higher than the 100-year floodplain, this does not fully 

                                                 
127 LEED 2009 for New Construction and Major Renovations Rating System. USGBC Member Approved 
November 2008. U.S. Green Building Council.   
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address all the hazards that could befall a building.128  Additionally, the Site Selection 

credit specifies that a builder not develop within 100 feet of wetlands or 50 feet of a 

“water body”, but this requirement is primarily aimed at environmental protection rather 

than disaster resilience.   

 

EXPLANATION OF PREREQUISITES 

The LEED system includes prerequisites for several credit areas.  Without 

complying with these prerequisites, the building is not eligible to apply for LEED 

certification at all.  This report presents a starting point for a larger committee analysis of 

hazard mitigation methods for LEED-NC, and these prerequisites can be modified as 

needed. 

The first prerequisite must therefore be a natural hazard and disaster risk 

assessment, and should be tied to the state hazard mitigation plan.  USGS and FEMA 

maps should be used to determine risk information if not available in the state hazard 

mitigation plan.  Hazard mapping can also be performed by those trained to use software 

such as FEMA’s Hazards United States Multi-Hazard (HAZUS-MH).  Wherever a hazard 

is positively identified, the building owner must include proper mitigation to comply with 

not only state codes but with the established guidelines on best mitigation techniques.   

Because the LEED framework encourages building owners to not just meet codes, but to 

surpass them, the hazard mitigation credit area should be no different.  Geographical 

mapping is a key component of this prerequisite as well, because certain types of hazards 

do evolve over time based on the surrounding area. 

                                                 
128 Ibid.   
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This natural hazard risk assessment would also ensure that property owners do not 

unnecessarily build a tornado shelter when they construct a green building simply to 

receive extra credit points when they are nowhere near a tornado-prone area.  This 

prerequisite will also allow building owners and managers to determine, where risk of a 

particular hazard is non-existent, whether they would prefer to not go “above and 

beyond”.   Furthermore, the risk assessment should include a vulnerability and sensitive 

receptors assessment, which will then inform the hazard mitigation plan. 

A hazard mitigation plan is also an essential prerequisite because property owners 

must demonstrate not just knowledge of a hazard on their property, but also a plan to 

mitigate for each specific hazard identified.   Special mitigation options for ensuring the 

well-being of sensitive receptors throughout a disaster situation must also be outlined.  

Finally, there is an optional credit for a vulnerability assessment that includes a recovery 

plan for these sensitive receptors and all individuals and structures affected by the 

disaster. 

 

LEED HAZARD MITIGATION AND RESILIENCE CREDIT 
 

Mandatory requirements for increased resistance to natural disasters would reduce 

the number of buildings that need to be reconstructed after such events.  This credit could 

be added in later versions of LEED and would require an initial hazard identification 

assessment to determine which hazards that particular building site in a certain region is 

prone to.  It does not make sense to require windows that can withstand hurricane-proof 

winds in Ohio, for instance, but fire-resistant construction standards might still be useful 

anywhere in the U.S.  Note that this report only proposes mitigation credits for two 
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hazards – though USGBC should incorporate mitigation credits for all hazard areas.  

Following the structure of the existing LEED-NC credit areas, the LEED Hazard 

Mitigation and Resilience credit area might be structured as follows: 

 

Hazard Mitigation and Resilience (HMR) 
Prerequisite 1  Hazard Identification and Mapping 
Prerequisite 2  Hazard Mitigation Plan 
  
Fire: 
Credit 1 Site Selection – Defensible Space - Protection  
Credit 2 Site Selection – Specifications for Construction on Slopes 
Credit 3 Mitigation – Surrounding Vegetation 
Credit 4 Mitigation – Building Density 
Credit 5 Mitigation – Structural Flammability and Insulation Use 
Credit 6 Mitigation – Roofing Material 
  
Earthquake: 
Credit 1 Site Selection – Avoidance of Fault Zone 
Credit 2 Site Selection – Avoidance of High Liquefaction Zone 
Credit 3 Site Selection – Specifications for Construction on Slopes 
Credit 4 Mitigation – Building Density 
Credit 5 Mitigation – Building Construction Standards 
  
Extra Points: 
Credit 1 Vulnerability Assessment and Recovery Plan 

 
 

The specific Intent, Requirement (including any options), and Potential 

Technologies and Strategies will be outlined for each individual credit.  Specific point 

values per credit can be determined by the USGBC and should fit into the overall point 

scheme that already exists for LEED-NC.  The text of the proposed LEED-NC Hazard 

Mitigation and Resilience credit area itself follows here. 
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Hazard Mitigation and Resilience (HMR) 

Prerequisite 1: Hazard Identification and Mapping 

Intent 

To determine which natural hazards may possibly threaten the building site and 
what their likely effects may be. 

Requirements 

1) Determine if any of the following hazards may affect the proposed site using a 
hazards analysis and Site Investigation Report. 
 

 Land movement disasters (avalanches, earthquakes, lahars, or volcanic eruptions) 
 Water disasters (floods, limnic eruptions, tsunami) 
 Weather disasters (blizzards, hurricanes, droughts, hailstorms, heat waves, 

tornadoes) 
 Fire 

 
2) Determine how the identified hazards may affect the proposed site. 

 
How does the hazard affect the community and their likely effects (e.g., the 
number of people who could suffer losses, and potential damages and other 
economic consequences)?  In highly urbanized areas, hazard assessments are 
prepared with the assistance of consulting engineers, but in rural areas and small 
towns, more rudimentary studies, based largely on information from past 
occurrences of particular hazards, may be adequate to delineate the area at risk 
and possible consequences. (Adapted from Burby).129  Sensitive receptors such as 
schools and hospitals, and other locations that house the especially vulnerable, 
should be identified for the mitigation plan. 

Potential Technologies and Strategies 

Geographic Information Systems (GIS) analysis using U.S. Geological Survey 
data may be helpful in conjunction with FEMA data using free software such as 
Hazards U.S. Multi-Hazards (known as HAZUS-MH).  HAZUS-MH provides 
nationally applicable standardized methodology that estimates potential losses.130  
Historical hazard maps and incident reports can be used in areas where GIS maps 

                                                 
129 Burby, Raymond J. (ed.) 1998.  “Sidebar 1-2: Conduct Hazard Assessment Studies”.  Cooperating with 
Nature: Confronting Natural Hazards with Land-Use Planning for Sustainable Communities.  National 
Academy of Sciences, Joseph Henry Press. 
130 HAZUS-MH.  FEMA.  Online. Available: http://www.fema.gov/plan/prevent/hazus/.  Accessed May 2, 
2010. 
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are not available.  For seismic hazards, complete a “Site-Investigation Report”, 
which is a “report prepared by a certified engineering geologist and/or a civil 
engineer practicing within the area of his or her competence, which documents 
the results of an investigation of the site for seismic hazards and recommends 
mitigation measures to reduce the risk of identified seismic hazards to acceptable 
levels”.131 

Prerequisite 2: Hazard Mitigation Plan 

Intent 

To recommend mitigation measures and strategies for identified hazards. 

Requirements 

The hazard mitigation plan should include: 
 description of the plan objectives; 
 discussion of the issues, problems, special features, and values specific to 

the areas covered by the plan; 
 discussion of hazard mitigation policies and, possibly, a schedule of 

specific hazard mitigation measures to be undertaken; 
 description of how hazardous areas are to be used and managed over the 

next 10 to 20 years; 
 description of the means and timing of implementation, including 

designation of responsible individuals and agencies, specification of costs 
and financing, and specification of any necessary legislative changes; and 

 discussion of approaches to monitoring the implementation and impacts 
of the plan and specification of procedures for periodically updating the 
plan (e.g., every five to seven years). 
 

The primary objectives of the plan are to ensure that existing development and 
future development are compatible with the hazards that have been identified, and 
to identify hazard reduction measures that help ensure that land use in hazardous 
areas will be effective over the long term. In addition, it is critical that the plan 
contain an action agenda consisting of measures that can be undertaken in the 
short term (over the next 12 months) (Adapted from Burby).132  
 

                                                 
131 Special Publication 117A.  Guidelines for Evaluating and Mitigating Seismic Hazards in California 
2008.  California Geological Survey. 
132 Burby, Raymond J. (ed.) 1998.  “Sidebar 1-2: Prepare a Plan”.  Cooperating with Nature: Confronting 
Natural Hazards with Land-Use Planning for Sustainable Communities.  National Academy of Sciences, 
Joseph Henry Press. 
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Additionally, construction documents shall include a vicinity map that provides 
details regarding the vicinity within 300 ft (91 m) of property lines, including 
other structures, slope, vegetation, fuel breaks, water supply systems, and access 
roads.133 

Potential Technologies and Strategies 

Existing local and state mitigation plans for the area should be studied, as many of 
the same technologies and strategies will likely apply.   

  

Fire Credit 1: Site Selection - Defensible Space 

Intent 

 
To provide a safe working area for firefighters protecting life and improved 
property from wildland fire, and minimize loss of life and property. 

Requirements 
 

Property Safety and Accessibility 
 Locate propane tanks, wood piles, and other combustible material at least 30 feet 

from home. 
 To accommodate firefighting equipment, driveway must be at least 12 feet wide 

with trees trimmed to create at least 13 feet of vertical space. 
 Ensure property can be quickly located and accessed from road (ID).   
 Vehicle parking areas within the immediate landscaped zone shall be maintained 

free of dry grasses and fine fuels that could be ignited by hot exhaust systems or 
firebrands.134 

Potential Technologies and Strategies 

Replace address numbers with noncombustible, reflective numbers clearly visible 
from the road. 

                                                 
133 Safer from the Start: A Guide to Firewise-Friendly Developments.  Firewise Communities.  NFPA 
publication. 2009.  Online.  Available: http://www.firewise.org/resources/files/Safer-From-the-Start.pdf.  
Accessed March 24, 2010. 
134 Ibid. 
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Fire Credit 2: Site Selection – Specifications for Construction on Slopes 

Intent 

To provide for setbacks in construction on slopes to provide a fire break. 

Requirements 

As fuels and slopes increase, low density or planned unit developments should be 
considered because it is easier to protect these two types of developments on 
slopes. 
 
Where slopes and fuels exhibit very high fire hazard, local government should 
prohibit development or apply more stringent standards.  In all cases, 
development of ridge tops, canyons or ridgeline saddles should be limited or 
mitigated with greater levels of built-in fire prevention.135 

Potential Technologies and Strategies 

Structure location on a slope increases the structure’s exposure to heat such that 
structure setback’s from the slope is sufficient to reduce its radiant heat exposure. 
Setback distances of the structure can be measured in accordance with NFPA 
1144 A.5.1.3.2 (Figure 30). 
 

 
Figure 30. NFPA 1144 Designation of Slope and Setback.  Source: NFPA.136 

                                                 
135 Structural Fire Prevention Field Guide for Mitigation of Wildland Fires.  April 2000.  State of 
California. 
136 NFPA 1144 Standard for Reducing Structure Ignition Hazards from Wildland Fire.  2008 Edition.  
National Fire Protection Association.  Effective date June 24, 2007. 
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Fire Credit 3: Mitigation – Surrounding Vegetation 

Intent 

To reduce the potential for fire on improved property spreading to wildland fuels, 
and to reduce the potential of wildland fire spreading to the property itself. 

Requirements 

Ensure that building’s combustible materials and vegetation have been removed 
or modified: 
 
OPTION 1: High-Risk Area: Create three zones extending a total of 200 feet from 
structure. 

 Establish a well-irrigated first zone that extends a minimum of 30 feet from 
structure on all sides.  

o Maintain a reduced amount of vegetation and limit plantings to carefully 
spaced fire-resistant indigenous species that are low growing.  

o Keep 10 feet between structure and any tree limbs. Trim dead and dying 
limbs as needed.  

o Space tree plantings 10 feet apart.  
o For trees taller than 18 feet, prune lower branches within 6 feet of the 

ground.  
o Vegetation shall not be allowed within 10 ft (3 m) of a chimney outlet.137 

 In the second zone: 
o Irrigation system should also extend into this area.  
o Place low-growing plants, shrubs and carefully spaced trees in this area.  
o Maintain a reduced amount of vegetation. 

 In the third or furthest zone: 
o Thin selected trees.  
o Remove highly flammable vegetation such as dead or dying trees and 

shrubs.138 

OPTION 2: Moderate-Risk Area: Create same three zones as above, extending a 
total of 100 feet from structure. 

  
OPTION 3: Low-Risk Area: Create same three zones as above, extending a total 

of 50 feet from structure (adapted from NFPA 1144).139 

                                                 
137 Safer from the Start: A Guide to Firewise-Friendly Developments.  Firewise Communities.  NFPA 
publication. 2009.  Online.  Available: http://www.firewise.org/resources/files/Safer-From-the-Start.pdf.  
Accessed March 24, 2010. 
138 Adapted from Creating a Survivable Space Around Your Home or Business.  IBHS Guide. Online.  
Available:  http://disastersafety.org/projects/?id=1408&category=1136. 
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Potential Technologies and Strategies 

Denote different zones with markings so future occupants can easily distinguish 
zones.  For commercial buildings, have a placard available to educate visitors 
about zones.  Maintenance is less intensive when native plants and trees are 
selected with zones in mind.  Additionally, refer to vegetation classes guide 
below. 
 
Vegetation Classes 
Determine characteristics of predominant vegetation, and which types belong in 
which zone.  Fuel models in the “light” class are those that burn quickly while 
fuel models in the “heavy” class have the capability of supporting a major fire under 
certain conditions.  Special combustible classes outside of the NFDRS vegetation 
rating system with high resin and oil content should also be avoided. 
 
1.  Light (e.g., grasses, forbs, sawgrasses, and tundra)  

NFDRS Fuel Models A, C, L, N, S, and T 
2. Medium (e.g., light brush and small trees)  

NFDRS Fuel Models D, E, F, H, P, Q, and U 
3. Heavy (e.g., dense brush, timber, and hardwoods)  

NFDRS Fuel Models B, G, and O 
4. Slash (e.g., timber harvesting residue)  

NFDRS Fuel Models J, K, and L140 

Fire Credit 4: Mitigation – Building Density 

Intent 

To prevent or slow the spread of fire from one building to a neighboring building. 

Requirements 

Structure density, spacing and siting should be based on the fire hazard severity 
classification and the on-site topography.  Buildings must be set back at least 30 
feet from the property line on parcels one acre and larger.141 

 
Building densities should be as follows: 
15-30 percent slope, no more than three dwellings per acre. 

                                                                                                                                                 
139NFPA 1144 Standard for Reducing Structure Ignition Hazards from Wildland Fire.  2008 Edition.  
National Fire Protection Association.  Effective date June 24, 2007. 
140 Ibid. 
141 Safer from the Start: A Guide to Firewise-Friendly Developments.  Firewise Communities.  NFPA 
publication. 2009.  Online.  Available: http://www.firewise.org/resources/files/Safer-From-the-Start.pdf.  
Accessed March 24, 2010. 
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31-50 percent slope, no more than one dwelling per 3-5 acres.142 

Potential Technologies and Strategies 

Situate particularly vulnerable types of buildings (such as mobile homes) with 
additional low-density zoning as a buffer zone around them. 

 
 

Fire Credit 5: Mitigation – Structural Flammability and Insulation Use 

Intent 

To reduce flammability of the structure, including insulation, overhanging 
projections, exterior walls, and windows and doors. 

Requirements 

Interior Alarms and Sprinklers 
All commercial structures must be fitted with fire extinguishers, alarms, and 
automatic sprinklers for every room.  Residential structures must have at least two 
(2) fire extinguishers, and a fire alarm installed in every bedroom and kitchen. 

 
Insulation 
Structural insulation must have the lowest flammability rating possible.  If using 
foam insulation, use insulation that is both energy efficient and fire-resistant (resisting 
heat and flames), such as cement, plaster, stucco and concrete masonry, or concrete-filled 
CFC-free foam blocks. 

 
Overhanging Projections 
All projections (exterior balconies, carports, decks, patio covers, unenclosed roofs 
and floors, and similar architectural appendages and projections) shall be of heavy 
timber construction; be constructed of noncombustible material, fire-retardant- 
treated wood, or other ignition-resistant materials; or be a 1-hour fire-rated 

assembly.143  (Note: Fire-retardant treated wood is often treated with substances 
that may pose a health hazard to occupants.   This type of conflict will likely 
occur often:  physical safety vs. environmental health or physical health, and 
acceptable risk determined by project.) 
 
Overhanging Buildings 

                                                 
142 Structural Fire Prevention Field Guide for Mitigation of Wildland Fires.  April 2000.  State of 
California. 
143 Safer from the Start: A Guide to Firewise-Friendly Developments.  Firewise Communities.  NFPA 
publication. 2009.  Online.  Available: http://www.firewise.org/resources/files/Safer-From-the-Start.pdf.  
Accessed March 24, 2010. 
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The underside of overhanging buildings and supporting structural elements shall 
be of heavy timber construction; be constructed of noncombustible material, fire-
retardant-treated wood, or other ignition-resistant materials; or be a 1-hour fire-
rated assembly.144 

 
Exterior Vertical Walls 
Exterior vertical walls shall meet the requirements for heavy timber construction, 
ignition-resistive material, fire-retardant-treated wood, or be a minimum 20-
minute fire-rated assembly where walls are potentially exposed to a wildland 
fire.145 

 
Exterior Openings 
Exterior windows, windows within exterior doors, and skylights shall be fire-rated 
glass and window-/facade profiles or have a fire-resistance rating of no less than 
20 minutes. 
 
Window screening shall be noncombustible mesh and installed to prevent the 
collection of firebrands and embers or their entry into open windows. 
 
Exterior doors shall be solid-core wood no less than 1 3⁄4 in.(45 mm) thick, 
approved noncombustible construction, or have a fire protection rating of no less 
than 20 minutes.  
 
Vents for attic and subfloor ventilation shall be screened with a corrosion-
resistant wire mesh, with the mesh opening not exceeding nominal 1⁄4 in. (6.3 
mm) in size.  Attic and subfloor vents shall not be installed in a location that faces 
heavy vegetative fuels. Vents shall not be installed in walls that face heavy 
vegetative fuels.146 

Potential Technologies and Strategies 

Vents should be periodically checked (every six months) to see that metal 
screening or noncombustible skirting is still in place. 

                                                 
144 Safer from the Start: A Guide to Firewise-Friendly Developments.  Firewise Communities.  NFPA 
publication. 2009.  Online.  Available: http://www.firewise.org/resources/files/Safer-From-the-Start.pdf.  
Accessed March 24, 2010. 
145 Ibid. 
146 Ibid. 
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Fire Credit 6: Mitigation – Roofing Material 

 Intent 

To reduce the likelihood that a roof covering material will catch fire due to fire 
brands, sparks, radiant heat, or structural fire. 

Requirements 

Only listed roof covering, tested and rated in accordance with NFPA 256, 
Standard Methods of Fire Tests of Roof Coverings; ASTM E 108, Standard Test 
Methods for Fire Tests of Roof Coverings; or equivalent, shall be used.  The 
specific class shall be consistent with the wildland fire hazard assessment 
conducted prior to construction.   
 
Eaves shall be boxed in with five-eighths-inch (15.5 mm) nominal sheathing or 
noncombustible materials or meet the requirements of other vents. 147    

 
Attics 
No attic ventilation openings or ventilation louvers shall be permitted in soffits, in 
eave overhangs, between rafters at eaves, or in other overhanging areas on those 
exposures facing hazardous vegetation. Attic spaces shall be ventilated as 
approved for the building configuration, the climatological conditions of the site, 
and the moisture and temperature conditions associated with the occupancy and 
use of the building.148 

 
Chimneys and Flues 
Every fireplace and wood stove chimney and flue shall be provided with an 
approved spark arrester constructed of a minimum 12-gauge welded wire or 
woven wire mesh, with openings not exceeding one-half-inch (12.7 mm).149 

Potential Technologies and Strategies 

Follow Class “A” rating information below: 
 Class "A": The highest fire-resistance rating for roofing as per ASTM E-

108. Indicates roofing is able to withstand severe exposure to fire 
originating from sources outside the building. Roofing cannot slip from 
position, and does not present a flying brand hazard.150 

                                                 
147 Safer from the Start: A Guide to Firewise-Friendly Developments.  Firewise Communities.  NFPA 
publication. 2009.  Online.  Available: http://www.firewise.org/resources/files/Safer-From-the-Start.pdf.  
Accessed March 24, 2010. 
148 Ibid. 
149 Ibid. 
150 ASTM E108 - 10a Standard Test Methods for Fire Tests of Roof Coverings.  ASTM International.   
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Earthquake Credit 1: Site Selection – Avoidance of Fault Zone 

Intent 

To avoid locating structure on existing known fault zones through a Site 
Investigation Report. 

Requirements 

Provide maps noting the parcel numbers of proposed building sites that are at 
least 100 feet from an identified fault and a statement that there is not any more 
recent information to indicate a geologic hazard.151  (Note that this is more than 
the 50 feet that the Alquist-Priolo Act requires. 

Identify any sites that are within 100 feet of an identified fault.152  (Note that this 
is more than the 50 feet that the Alquist-Priolo Act requires.) 

Potential Technologies and Strategies 

Use U.S. Geological Survey information and existing maps to determine location 
of fault zones. 

Earthquake Credit 2: Site Selection – Avoidance of High Liquefaction Zone 

Intent 

To avoid locating structure on existing known liquefaction zones through a Site 
Investigation Report. 

Requirements 

Provide maps noting the parcel numbers of proposed building sites that are at 
least 500 feet from an identified liquefaction zone and a statement that there is not 
any more recent information to indicate a geologic hazard. 

Identify any sites that are within 500 feet of a liquefaction zone. 

 

                                                 
151 Chapter 7.5 Earthquake Fault Zoning.  California Geological Survey - Alquist-Priolo Earthquake Fault 
Zones.  Updated Oct. 2, 2007. Online.  Available: 
http://www.consrv.ca.gov/cgs/rghm/ap/Pages/chp_7_5.aspx. 
152 Ibid. 
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Potential Technologies and Strategies 

Use U.S. Geological Survey information and existing maps to determine location 
of liquefaction zones. 
 
Guidelines from California’s Special Publication 117A: 

Reports that address liquefaction and/or earthquake-induced landslides should 
include, but not necessarily be limited to, the following data:  
1. Description of the proposed project‘s location, topographic relief, drainage, geologic and soil 
materials, and any proposed grading.  
2. Site plan map of project site showing the locations of all explorations, including test pits, 
borings, penetration test locations, and soil or rock samples.  
3. Description of seismic setting, historic seismicity, nearest pertinent strong-motion records, and 
methods used to estimate (or source of) earthquake ground-motion parameters used in liquefaction 
and landslide analyses.  
4. 1:24,000 or larger-scale geologic map showing bedrock, alluvium, colluvium, soil material, 
faults, shears, joint systems, lithologic contacts, seeps or springs, soil or bedrock slumps, and other 
pertinent geologic and soil features existing on and adjacent to the project site.  
5. Logs of borings, test pits, or other subsurface data obtained.  
6. Geologic cross sections depicting the most critical (least stable) slopes, geologic structure, 
stratigraphy, and subsurface water conditions, supported by boring and/or trench logs at 
appropriate locations.  
7. Laboratory test results; soil classification, shear strength, and other pertinent geotechnical data.  
8. Specific recommendations for mitigation alternatives necessary to reduce known and/or 
anticipated geologic/seismic hazards to an acceptable level of risk.153  

 

Earthquake Credit 3: Site Selection – Specifications for Construction on Slopes 

Intent 

To prevent building on very steep slopes as well as slopes where the support at 
the base of the slope has been removed or reduced.  

Requirements 

If the screening investigation indicates the presence of potentially unstable slopes 
affecting the proposed project site, a quantitative evaluation of earthquake-
induced landslide potential should be conducted. The major phases of such a 
study typically include a detailed field investigation, drilling and sampling, 
geotechnical laboratory testing, and slope stability analyses. Refer to Special 
Publication 117A, Chapter 3 for guidance on which information to include in the 
site-investigation report.154 

                                                 
153 Special Publication 117A.  Guidelines for Evaluating and Mitigating Seismic Hazards in California 
2008.  California Geological Survey. 
154 Ibid. 
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A report indicating that earthquake-induced landslide potential is nonexistent or 
has been mitigated against must be provided. 

Potential Technologies and Strategies 

Removal of support at the base of a slope occurs naturally by stream or wave 
erosion and the same effect can be produced by grading of cut slopes.155 
 
Hazardous slope features can generally be noted on aerial photographs, 
sufficiently detailed topographic maps, or from a geologic field reconnaissance.156 

Earthquake Credit 4: Mitigation – Building Density 

Intent 

To decrease the likelihood that structures impacted by earthquake will then affect 
neighboring buildings.  

Requirements 

Structures in highly dense urban areas must provide evidence that neighboring 
buildings are also built to withstand earthquake hazards.   
 
Lower density (a FAR of less than 1.0) should be utilized on slopes of more than 
10% and within 500 feet of active faults. 

Potential Technologies and Strategies 

Use density ratios in conjunction with neighboring buildings to determine what is 
acceptable risk for building density.  Sensitive receptors especially should be 
considered before high density uses are permitted. 

 

Earthquake Credit 5: Mitigation – Building Construction Standards 

Intent 

To decrease structural damage resulting from earthquake. 

Requirements 

 

                                                 
155 Special Publication 117A.  Guidelines for Evaluating and Mitigating Seismic Hazards in California 
2008.  California Geological Survey. 
156 Ibid. 
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Construction must include: 
 Dual−system of steel moment frames and eccentric braced frames. The 

dual-system steel-moment frame and passive seismic dampers provide 
high damping, to significantly reduce the seismic loads imparted to the 
moment frame. 157 

 Unbonded steel braces with the brace providing stable tension-
compression behavior. 158 

 Coupled 3-part systems with moment frames, links, and shear walls to 
provide a progressive resistance system in which the resistance progresses 
from the most rigid system to the more ductile-flexible system. 159 

 Seismic isolation methods, in which the building structure is supported on 
isolation bearings and is effectively separated from the ground, 
significantly reducing seismic response.160  

 Reinforced concrete moment resisting frame buildings as described in 
Applied Technology Council Report 21 (FEMA Report 154). 

 

Potential Technologies and Strategies 

Follow guidelines specified in FEMA 454: Designing for Earthquakes.161 

 
  

                                                 
157 FEMA 454 Designing for Earthquakes: A Manual for Architects.  Online.  Available: 
http://www.fema.gov/library/viewRecord.do?id=2418. 
158 Ibid. 
159 Ibid. 
160 Ibid. 
161 Ibid. 
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Extra Credit 1: Vulnerability Assessment and Recovery Plan 

Intent 

To assess vulnerability of individual structure and increase recovery and 
resiliency following a disaster. 

Requirements 

Commercial and multifamily buildings must provide vulnerability assessment 
report with information on how hazards might affect occupants. 
 
All structures must ensure that there is a store of food, water and medical supplies 
for 3 days for all building occupants. 

Potential Technologies and Strategies 

FEMA’s “Are You Ready?” Citizen Preparedness Guides may be helpful sources 
for reducing vulnerability after disasters.162 

                                                 
162 Are You Ready?  An In-Depth Guide to Citizen Preparedness.  FEMA. Online.  Available: 
http://www.fema.gov/areyouready/ 
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REVISING LEED-NC 

Chapter 7: Conclusion 

TRUE HIGH PERFORMANCE BUILDINGS NEEDED 

There may be initial resistance to green buildings having the added burden of the 

responsibility of natural hazard mitigation.  However, high-performance buildings should 

place a high value on life safety and property protection in addition to energy 

performance and environmental sustainability.  Buildings designed to absolute minimum 

life safety requirements should not be considered deserving of the “green building” 

moniker, because a building that saves energy with dangerous, highly flammable 

insulation is missing the point. 

Insurance studies and engineering reports have established that hazard mitigation 

methods lead to building protection, though the body of knowledge on these methods and 

how they perform under stress is still growing with every disaster.  Major insurance 

companies may have the most vested interest in more resilient building design standards, 

because every building saved equates to less money insurance companies have to pay out.  

Hazard Mitigation and Resilience-certified buildings would likely receive a discount on 

insurance as well. 

Established building codes are not sufficient for hazard mitigation.   Many state 

building codes do not include guidelines specific to a certain area, which is why the 

hazard identification prerequisite for the new credit area is so critically needed.  

Furthermore, existing codes can be outdated, based on incorrect data, or not stringent 

enough to afford adequate hazard mitigation.  Unfortunately, codes only work when they 

are enforced, and many cities and communities lack the resources to ensure that buildings 

are both constructed safely and with future safety of residents in mind.   
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As evidenced by case studies examining the 2003 Cedar Fire and 1989 Loma 

Prieta Earthquake, both in Southern California, some areas of the country may see the 

usefulness of adopting hazard mitigation standards already, and indeed are already 

leading the way for producing guides and building codes.  However, other areas of the 

country with lower risk or no historical disaster record may need to be convinced through 

stipulations attached to federal mitigation grants.   

WIDE-RANGING APPLICATIONS 

Federal and state buildings should automatically seek to adopt the hazard 

mitigation methods outlined in the Hazard Mitigation and Resilience credit area, because 

these are constructed with taxpayer money, and the best value is obtained when a 

building does not need to be reconstructed entirely after a natural disaster.  Additionally, 

any facility designated as an emergency shelter during disasters should be constructed 

using these rigorous standards as well.  Schools, nursing homes, and hospitals, which are 

likely to house particularly vulnerable occupants, would do well to also construct their 

facilities according to these methods. 

A pilot project could be implemented to determine if there are enough property 

owners and builders interested in having their buildings certified as not just green-built, 

but also disaster-resilient.  The cost-effectiveness of the new requirements for this Hazard 

Mitigation and Resilience credit area could also be examined through this pilot project.  

Although the mitigation options covered do pertain to fires and earthquakes, a lot of the 

particulars of disaster prevention are applicable to a multitude of hazards.  Tornado 

stressors on a building are very similar to earthquake stressors.  A pilot project could 

therefore be in any area known to be prone to a specific hazard, and would be required to 

incorporate established hazard mitigation methods. 



 84

The safe and rapid evacuation of inhabitants should be a prime factor in any 

building design, much as antiquated building codes in high-density areas required fire 

escapes.  Further areas for research could incorporate disaster prevention and mitigation 

techniques used in other industries.  The airline industry, for instance, has approached the 

disaster-evacuation problem by using lighted panels along the rows of seats – there is no 

reason why buildings could not have panels that light up in the same way to guide 

occupants safely outside during a fire. 

These structural design methods may add value to disaster relief responders as 

well, as their jobs and their own protection are made easier.  Emergency responders risk 

their lives when they enter a burning or collapsing structure, so the longer that buildings 

can withstand the stress of hazards, the longer those occupants can get out and the safer 

responders can be as well. 

 
DISASTER-RESISTANT BUILDINGS ARE SUSTAINABLE 

Durable buildings create a more livable community overall, and are a crucial 

component of sustainable development.  Hazard mitigation and disaster resilience are too 

often overlooked – from the property owner’s considerations in building design, to the 

architect’s final renderings.  As more individuals become green building accredited 

professionals, the USGBC would be wise to incorporate a Hazard Mitigation and 

Resilience credit area into their existing LEED framework, rather than having another 

organization decide to become the authority in that realm.  The green building industry is 

growing at a rapid pace and there is money to be made in the field of hazard mitigation.  

Right now the first reputable organization with green “bona fides” that establishes a 

hazard mitigation framework is likely to see property and business owners eager to be 

certified.  



 85

The Hazard Mitigation and Resilience credit area makes sense for the existing 

LEED for New Construction and Major Renovations framework, just as it does for any 

other LEED framework.  All buildings should be constructed with hazard prevention and 

resistance in mind, and the USGBC is currently the ideal organization to get property 

owners, engineers, and architects to work together toward this new form of sustainability.  

Hazard mitigation methods for buildings can ensure that structures protect human life and 

property through disasters.  The next iteration of LEED-NC should reflect the critical 

need for not just green building, but truly sustainable disaster-resilient green building. 
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APPENDIX A.  LEED 2009 FOR NEW CONSTRUCTION AND 
MAJOR RENOVATIONS PROJECT CHECKLIST163 

Sustainable Sites        26 Possible Points 
� Prerequisite 1 Construction Activity Pollution Prevention     Required 
� Credit 1 Site Selection         1 
� Credit 2 Development Density and Community Connectivity    5 
� Credit 3 Brownfield Redevelopment       1 
� Credit 4.1 Alternative Transportation—Public Transportation Access   6 
� Credit 4.2 Alternative Transportation—Bicycle Storage and Changing Rooms  1 
� Credit 4.3 Alternative Transportation—Low-Emitting and Fuel-Efficient Vehicles  3 
� Credit 4.4 Alternative Transportation—Parking Capacity     2 
� Credit 5.1 Site Development—Protect or Restore Habitat     1 
� Credit 5.2 Site Development—Maximize Open Space     1 
� Credit 6.1 Stormwater Design—Quantity Control      1 
� Credit 6.2 Stormwater Design—Quality Control      1 
� Credit 7.1 Heat Island Effect—Nonroof       1 
� Credit 7.2 Heat Island Effect—Roof       1 
� Credit 8 Light Pollution Reduction       1 
 
Water Efficiency        10 Possible Points 
� Prerequisite 1 Water Use Reduction       Required 
� Credit 1 Water Efficient Landscaping       2-4 
� Credit 2 Innovative Wastewater Technologies      2 
� Credit 3 Water Use Reduction        2-4 
 
Energy and Atmosphere        35 Possible Points 
� Prerequisite 1 Fundamental Commissioning of Building Energy Systems   Required 
� Prerequisite 2 Minimum Energy Performance      Required 
� Prerequisite 3 Fundamental Refrigerant Management     Required 
� Credit 1 Optimize Energy Performance       1–19 
� Credit 2 O n-site Renewable Energy       1–7 
� Credit 3 Enhanced Commissioning       2 
� Credit 4 Enhanced Refrigerant Management      2 
� Credit 5 Measurement and Verification       3 
� Credit 6 Green Power         2 
 
Materials and Resources       14 Possible Points 
� Prerequisite 1 Storage and Collection of Recyclables     Required 
� Credit 1.1 Building Reuse—Maintain Existing Walls, Floors and Roof   1-3 
� Credit 1.2 Building Reuse—Maintain Existing Interior Nonstructural Elements  1 
� Credit 2 Construction Waste Management      1-2 
� Credit 3 Materials Reuse        1-2 
� Credit 4 Recycled Content        1-2 
� Credit 6 Rapidly Renewable Materials       1 
� Credit 7 Certified Wood        1 
 
  

                                                 
163 LEED 2009 for New Construction and Major Renovations Rating System. USGBC Member Approved 
November 2008. U.S. Green Building Council.   
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Indoor Environmental Quality       15 Possible Points 
� Prerequisite 1 Minimum Indoor Air Quality Performance     Required 
� Prerequisite 2 Environmental Tobacco Smoke (ETS) Control    Required 
� Credit 1 Outdoor Air Delivery Monitoring      1 
� Credit 2 Increased Ventilation        1 
� Credit 3.1 Construction Indoor Air Quality Management Plan—During Construction  1 
� Credit 3.2 Construction Indoor Air Quality Management Plan—Before Occupancy  1 
� Credit 4.1 Low-Emitting Materials—Adhesives and Sealants    1 
� Credit 4.2 Low-Emitting Materials—Paints and Coatings     1 
� Credit 4.3 Low-Emitting Materials—Flooring Systems     1 
� Credit 4.4 Low-Emitting Materials—Composite Wood and Agrifiber Products  1 
� Credit 5 Indoor Chemical and Pollutant Source Control     1 
� Credit 6.1 Controllability of Systems—Lighting      1 
� Credit 6.2 Controllability of Systems—Thermal Comfort     1 
� Credit 7.1 Thermal Comfort—Design       1 
� Credit 7.2 Thermal Comfort—Verification      1 
� Credit 8.1 Daylight and Views—Daylight      1 
� Credit 8.2 Daylight and Views—Views       1 
 
Innovation in Design        6 Possible Points 
� Credit 1 Innovation in Design        1-5 
� Credit 2 LEED Accredited Professional       1 
 
Regional Priority        4 Possible Points 
� Credit 1 Regional Priority        1-4 
_____________ 
LEED 2009 for New Construction and Major Renovations Summary164 
100 base points; 6 possible Innovation in Design and 4 Regional Priority points 
Certified 40–49 points 
Silver 50–59 points 
Gold 60–79 points 
Platinum 80 points and above 

                                                 
164 LEED 2009 for New Construction and Major Renovations Rating System. USGBC Member Approved 
November 2008. U.S. Green Building Council.   
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