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1212 MISSION CANYON RD 11/5/09
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SITE ADDRESS:__ 1212 Mission Canyon Road

ASSESSOR PARCEL NUMBER: 023-340-013, -014, -015; 023-052-001, -002, -003, -004, -008, -011, -012; 023
006; 023-350-006; 021-030-001

PARCEL SIZE (acres/sq.ft.): Gross Net
COMPREHENS'VE/COASTAL PLAN DESIGNATION: REC. ZONING: REC, AG-I-10, 1-E-1

Are there previous permits/applications? [no Oyes numbers:
(include permit# & lot # if tract)

Are there previous environmental (CEQA) documents? [no DOyes numbers:

1. Appellant: _Friends of Mission Canyon Phone: 805 682-0585 FAX: 805 682-2379

Mailing Address:_Post Office Box 92233, SB, Ca, 93190 E-mail: Airlaw5@cox.net
Street City State Zip

2. Owner: Santa Barbara Botanic Garden Phone: FAX:

Mailing Address: 1212 Mission Canyon Road, SB, Ca, 93101 E-mail;
Street City State Zip

3. Agent: Ken Marshall Phone: FAX:

Mailing Address: E-mail:
Street City State Zip

4. Attorney: Richard MonkPhone: FAX:

Mailing Address: E-mail
Street City State Zip

COUNTY USE ONLY

Companion Case Number:

Case Number:.
Supervisorial District: Submitial Date:

Applicable Zoning Ordinance: Receipt Number:
Project Planner: Accepted for Processing

Zoning Designation.: Comp. Plan Designation.
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COUNTY OF SANTA BARBARA APPEAL TO THE :

XX_BOARD OF SUPERVISORS

PLANNING COMMISSION: COUNTY MONTECITO

E: Project Title Santa Barbara Botanic Garden Vital Mission Plan
ase No 99-CP-043; 72 CP-116 RV01

ate of Action 10/26/2009

hereby appeal the approval XXX approval w/conditions denial of the:

Board of Architectural Review — Which Board?
Coastal Development Permit decision

Land Use Permit decision

__XX_Planning Commission decision — Which Commission? County

Planning & Development Director decision

Zoning Administrator decision

s the appellant the applicant or an aggrieved party?

Applicant

ou are not the applicant, provide an explanation of how

XXX Aggrieved party —if y
o of this appeal form:

you are and "aggrieved party” as defined on page tw

Created and updated by FTC032409
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" Reason of grounds for the appeal — Write the reason for the appeal below or submit 8 copies of your
appeal letter that addresses the appeal requirements listed on page two of this appeal form:

» A-clear, complete and concise statement of the reasons why the decision or determination is
inconsistent with the provisions and purposes of the County’s Zoning Ordinances or other
applicable law; and '

» Grounds shall be specifically stated if it is claimed that there was error or abuse of discretion,
or lack of a fair and impartial hearing, or that the decision is not supported by the evidence
presented for consideration, or that there is significant new evidence relevant to the decision
which could not have been presented at the time the decision was made.

See Attached

Specific conditions imposed which | wish to appeal are (if applicable):

a. All

Please include any other information you feel is relevant to this application.

CERTIFICATION OF ACCURACY AND COMPLETENESS Signatures must be completed for each line. If one or

more of the parties are the same, please re-sign the applicable line.

Applicant's signature authorizes County staff to enter the property described above for the purposes of inspection.

! hereby declare under penalty of perjury that the information contained in this application and all attached materials are correct, true
and complete. | acknowledge and agree that the County of Santa Barbara is relying on the accuracy of this information and my
representations in order to process this application and that any permits issued by the County may be rescinded if it is determined that
the information and materials submitted are not true and correct. | further acknowled, e that | may be liable for any costs associated

with rescissfon of such permits. .
Wanve (bl w\sTog

Print name and sign - Preparer of\this form = N Date

Print name and sign - Applicant Date

Print name and sign - Agent Date
Print name and sign - Landowner Date

G:\GROUP\P&D\Digital Library\Applications & Forms\Planning Applications and Forms\AppealSubReqAPP.doc
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1AW OFFICE OF MARC CHYTILO

FNVIRONMENTAL LAW
November 5, 2009

Clerk of the Board of Supervisors Mike Brown
Santa Barbara County Board of Supervisors
105 E. Anapamu Street

Fourth Floor

Santa Barbara, California 93101

RE: Appeal of All Aspects of Botanic Garden CUP and Development Plan Approval by
Planning Commission, 06APL-00000-00019

Honorable Members of the Board of Supervisors:

This office represents the Friends of Mission Canyon (“FOMC”). FOMC is a community based
public benefit corporation that seeks to protect and enhance the sensitive resources of Mission
Canyon. While our focus is in Mission Canyon, the planning issues raised by this Project
concern and affect the entire County. And while the Botanic Garden is a treasured resource for
all County residents, including those in Mission Canyon, the brunt of the impacts of the approval
of largest single project in the history of Mission Canyon will be borne principally by Mission
Canyon residents and the environment of Mission Canyon.

Please accept this appeal to the Board of Supervisors of the action of the Santa Barbara County
Planning Commission on October 26, 2009 approving the Santa Barbara Botanic Garden
Conditional Use Permit 72-CP-116 RV01 and Development PIamr99-DP-043 (“Project™),
including appeal of the certification of the environmental impact report (“EIR™), the adoption of
findings, conditions, and all other elements and aspects of the Planning Commission’s action on
the Project.

FOMC is an “Aggrieved Party” as 1ts organizational purposes include protection of the physical
and social environment of Mission Canyon, its members include residents of Mission Canyon on
whose behalf this appeal is filed, and as it has participated through counsel at all stages of the
County’s review of the Project, including submitting written comments and.appearing before the
Planning Commission at each public hearing.

The grounds for this appeal are detailed below and will be further developed in subsequent
submittals. The principal underlying concern is that Mission Canyon is ill-suited for the
proposed major physical expansion and intensified institutional activities due to the extremely
high fire risk in the Canyon and the associated public safety hazards to the Garden’s visitors and
staff, as well as to Canyon residents, and from the extremely constrained evacuation capacity.
Substantive land use issues include the Project’s inconsistency with the Land Use and
Development Code, zoning desi gnation, General Plan and with the resource constraints of
Mission Canyon. Approval was in error and constituted an abuse of discretion; was not

MARC CHYTILO
P.O. Box 92233 » Santa Barbara, California 93190
Phone: (805) 6820585 « Fax: (805) 682-2379

Email: airlaw5@cox.net
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supported by substantial evidence in the record; was the product of an unfair and partial hearing;
and did not reflect new informatien of fundamental significance to public safety (red flag
notification protocols) that was presented for the first time at the final adoption hearing and
related information that has been disclosed since that time. '

We respectfully request that the Board of Supervisors uphold this appeal, reject certification of
the EIR and deny the Project for all of the reasons stated herein with directions to the Applicant
to revise their Project to locate a portion of their physical development and activities offsite to
offset the expanded uses and impacts associated with the Project. Many elements of the Project
are simply not compatible with the sensitive and hazardous environment in which they are
proposed, and themselves pose significant and unnecessary risks to Canyon residents and the
applicant’s staff and visitors. The Applicant has refused to consider and incorporate the interests
and concemns_of the surrounding-communities, and instead undertaken expensive public relations
efforts to excoriate concerned neighbors. While there is a need for certain specific remodeling
and upgrading to the applicant’s physical plant, the proposed development will unnecessarily
dominate the site and the setting. While there is a benefit to imposing specific and enforceable
limits on the applicant’s activities in fire-vulnerable Mission Canyon, the conditions fail to
ensure that activities will not cause considerable impacts to the surrounding community and
allow substantial incremental expansion in uses and activities that endanger the safety of
residents and visitors.

Background and Summary of Appeal

The Project includes a substantial increase in-the=size of the Botanic Garden’s physical plant as
well as a significant expansion in the activities and uses permitted on the site. The Project is
located 1n a box canyon in an extremely high fire hazard zone with only a single means of
emergency evacuation. The Development Plan involves adding 15 new buildings and over
29,000 square feet of new development to the existing 39,000 square feet of development. The
Applicant invites large numbers of individuals to its grounds for general visitation as well as
conducting educational classes and numerous public and private events. The conditional use
permit (“CUP”) sanctions a 50% increase in visitation over 20 years and commensurate increases
in other activities on roads that fail to meet basic width and sight requirements. Development is
proposed atop a Chumash village site and in the historical and landmarked portions of the
Garden. The Jesusita fire burned much of the site and surrounding areas, materially changing
both the baseline environmental setting and the Project itself, which now includes rebuilding the
burned Gane House. The proposed level of development overwhelms the site and exceeds the
evacuation capacity of Mission Canyon’s roads, and the changes since the review process began
are sufficient to trigger the need for recirculation of the EIR.
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The Planning Cominission’s Review Was Cursory and Incomplete

The Planning Commission’s review of the Project did not adequately analyze many important
project issues. The Planning Commission never discussed or deliberated on the size, location or
appropriateness of virtually any of the proposed buildings or most of the other aspects of the
physical expansion elements of the project. The Planning Commission never evaluated the
specific issue of emergency evacuation of Mission Canyon and the effect the Project would have
on evacuation, and whether the proposed mitigation measures were at least adequate to leave
existing residents exposed to the same level of risk of death from wildfire as they experienced
without the Project. They never considered if the Jesusita Fire, which burned 60+% of the
Botanic Garden and much of Mission Canyon, changed either the Project or the environmental
assessment. They ignored the presence of a Chumash village site where new housing and an
expanded new roadway and utility lines were proposed. They even defied the recommendations
of the Historic Landmark Advisory Commission and allowed the Meadow Terrace Events Plaza
to remain as is and re-wrote the conclusions of the EIR to both allow the historic caretaker’s
cottage to be moved outside the historic area and to enable even more synthetic concrete and

other pavers on the site.

The Planning Commission never discussed whether such a large expansion in use and buildings
was appropriate for lands designated extremely high fire hazard and located in a box canyon with
a single access road. It became clear that the Planning Commission was never presented with a
complete, objective analysis of the tisk that the Project will cause either for Mission Canyon
residents or the Garden’s staff and visitors. The first draft EIR attempted to assess the ability of
Mission Canyon to evacuate during an emergency, but withdrew that effort and instead relied on
a generalized assessment. Mission Canyon residents asked the County to consider a report by
Professor Tom Cova who studied Mission Canyon and concluded the narrow and windy roads in
the Canyon, and lack of secondary access severely limited the evacuation capacity of Mission
Canyon. The Planning Commission never addressed Professor Cova’s study or evacuation
capacity in general.

The Project’s environmental impact analysis expressly relied on the County Fire Chief’s
commitment to declare Red Flag conditions, which would close the Garden. At the last minute,
the Fire Department’s representative announced that the County Fire Department would not
accept responsibility for declaring Red Flag conditions, and suggested the Botanic Garden
"should simply look at the National Weather Service’s website to know whether to close down.
The Planning Commission accepted this change without meaningful discussion. This decision,
relying on a regional fire condition forecast spafming Gaviota to Carpinteria, constitutes a
substantial change in the way Red Flag conditions are called and communicated to the
community. Subsequent news reports indicate that this change may only be preliminary, or there
may be no change at all, contrary to the information provide to and relied on by the Planning
Commission. Santa Barbara Independent, Reworking the Red Flag; 10/30/ 09,-attached as
Exhibit 1. Since the EIR relied on local control of Red Flag determinations to ensure that the
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conditions in Mission Canyon would be considered as part of the decision whether it was safe for
the Garden to open, the EIR’s adequacy and the sufficiency of Project conditions are called into
question. As approved, the Botanic Garden itself monitors the National Weather Service website
and is required to shut down whenever it notices that Red Flag conditions are present. Since the
County does not enforce permit violations on nights and weekends, and the Fire Department
abdicated any enforcement role whatsoever, all fire restrictions, including Red Flag closures, are
essentially unenforceable at night and on weekends.

The Project worsens an already bad public safety situation for Mission Canyon residents. The
EIR included a few measures to improve fire response conditions, but most are weak or
otherwise required by code. The Mission Canyon community has been recognized statewide for
its voluntary efforts to reduce wildfire risk and improve public safety, but residents recognize the
increased visitation, more traffic, construction-related road closures, large events, large vehicles,
flammable vegetation, service of alcohol, night-time activities and other impacts. The mitigation
measures fail to compensate for the increased risks and the cumulative effect is increased hazards
to the residents of Mission Canyon from the Project. The Planning Commission declined to
eliminate the Guild Studio Parking area which involves cars backing onto Mission Canyon Road
immediately across from the unsafe intersection with Las Canoas Road. This element of the
Project adds a new source of congestion at a critical intersection to an already deficient
emergency evacuation route.

There are significant land use issues. Even though the Botanic Garden’s proposal is the biggest
single development in the history of Mission Canyon, the Planning Commission did not consider
whether the development complied with the policies and standards of the proposed Mission
Canyon Specific Plan that is currently being updated by the County.

The consequence of the Planning Commission’s inadequate review of the issues was approval of
a project ill-suited to its site and which substantially increases public safety risk in Mission
Canyon. The Board’s review of these issues and rejection of the proposed Project is necessary to
motivate the applicant to scale back their proposal, take a portion of the development and
activities off-site, and protect the sensitive historical, cultural and ecological resources at this site
and protect public safety.
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DETAILS OF APPEAL

1. Fire Issues

Fire bazard and the risks that fire hazards pose to public safety is the most significant issue posed
by this project.

a. Antiquated Risk and Impact Analysis

The EIR’s analysis relied on an applicant-drafted Fire Protection Plan (“FPP”) that was not
revised to reflect the lessons of either the Tea or J esusita fires. As noted infra, the FEIR
selectively made text changes to reflect the November 2008 Tea fire and May 2009 Jesisuta fires,
but did so haphazardly and did not substantively update the environmental setting, Project
Description, or fire impact analysis sections. The EIR’s function as a “full disclosure document”
is eviscerated. For example, while live fuel loads are temporarily reduced in upper Mission
Canyon, there is now a substantial amount of extremely dry remaining dead fuel above the site,
and the unburned areas adjacent to and below the site are exposed to more winds and have
increased specific vulnerability.

Since the DEIR was first circulated, California’s Climate Change Center has released a report
entitled Potential Effects of Climate Change on Residential Wildfire Risk in California, CEC
500-2009-048-F which evaluated the effect of climate change on wildfire and concluded that
«residential wildfire risk increases over time for all climate change scenarios” and, with caveats
due to model uncertainties; predicted that “tripling or even quadrupling of residential wildfire
risk is quite plausible by mid-century, with even greater increases by the end of the century.”
Pages 23-23, attached as Exhibit 10. This probable substantial increase in wildfire risk militates
towards reducing the intensity of development in the extremely high fire hazard areas, not
expanding it. - This information was not considered in the EIR or staff’s analysis.

b. Lack of Secondary Access

Santa Barbara County policy and Fire Code requirements mandates a secondary access remote
from the primary access. FEIR 4.5-17. Thisisa basic and fundamental public safety
requirement. Wildfires can start and move very quickly, and many people have died in their cars
when they are overrun by the flame front while trying to evacuate. In the East Bay Hills fire,
October 19-22, 1991, 25 people died, many in their cars, trapped on steep and narrow streets by
congestion, collisions, downed power wires, and smoke. See United States Fire Administration,
Technical Report Series, The East Bay Hills Fire, QOakland-Berkeley, California, Federal
Emergency Management Agency, National Fire Data Center, p. 36, attached as Exhibit 2. (The
entire FEMA report is included as Exhibit # 20 to FOMC’s DEIR comments, midway in Volume
4-of the FEIR.) The same type of conditions exist in Mission Canyon, and it is only fortune that
the Jesusita fire did not start under high wind conditions and did not turn into a firestorm for 24
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hours, allowing evacuations to occur and mutual aid to arrive. Had Jesusita started in high wind
conditions like the Tea fire, the loss of life and property would have likely been dramatically
different.

Emergency evacuation is this Project’s Achilles heel, as it is the biggest constraint to the most
effective means of protecting lives from wildfire. Professor Tom Cova specifically studied
Mission Canyon’s evacuation capacity, and concluded that high wildfire areas like Mission
Canyon had an evacuation capacity much like a large building, and that the lack of multiple
accessways severely constrained the ability to safely evacuate Mission Canyon residents in
extreme wildfire conditions. Public Safety in the Urban-Wildland Interface: Should Fire-Prone
Communities Have a Maximum Occupancy?, Thomas Cova, Natural Hazards Review, August
2005, attached as Exhibit 3.

The lack of secondary access is a prime example of the several site constraints that render the
proposed location unsuitable for such a large expansion in development and intensified activities.
Secondary access is a basic public safety requirement for intensive institutional development in
high fire hazard areas, and provided a basis for the County to deny the Windermere project on
West Camino Cielo years ago. The County Fire Department expressly rejected the use cf an
overt shelter-in-place strategy for the Botanic Garden project, and thus evacuation is doubly
important.

C. Double-Counting Fire Mitigation Measures

The EIR_and.staff’s analysis concluded that the use of several suggested mitigation measures that
purportedly (and mistakenly) reduce the Project’s fire hazard risk to insignificance may ALSO
be relied upon to overcome the fundamental policy conflict and code non-compliance due to the
absence of a secondary access. FEIR p. 4.5-17 to 18; FPP at Table 7, p. 53 (“Same Practical
Effect”). The measures include basic code compliance and standard fuel management practices,
widening an internal, redundant road through a Chumash village site, a RAWS station (now
irrelevant) to inform the Red Flag notification process and other Red Flag condition restrictions,
fire hydrants that were previously installed, a water main connection project to improve the
supply of water for the already-installed hydrants, and basic practices such as emergency drills.
These measures are also relied on as the principal mitigation measures o reduce other fire
impacts. FEIR p. 4.5-31 to 33. They fail to add any increment of safety above what is otherwise
relied upon (improperly) to provide the “same practical effect” as the absence of a secondary
access. This is fundamentally unfair and exposes Mission Canyon residents to undue increased
risk.
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2. CEQA‘ Defects

a. Failure to Identify Related Projects

To be legally adequate the EIR must include a “list of past, present, and probable future projects
producing related or cumulative impacts, including, if necessary, those projects outside the
control of the agency”. CEQA Guidelines § 15130 (b)(1)(A). The County has a duty to use
reasonable efforts to discover, disclose, and discuss related projects. See San Franciscans for
Reasonable Growth v. City & County of San Francisco (1984) 151 Cal. App. 3d 61, 74 (public
agency abused its discretion by omitting other closely related projects that could have been easily
ascertained). The list of related projects in the VMP EIR is legally defective because it fails to
include the numerous reconstruction projects in Missien Canyon-and-nearby areas as well as at
the Botanic Garden itself that are proposed and anticipated in the wake of the Jesusita and Tea
Fires. See FEIR pp. 3-1 —3-3. Specifically, in May 2009 the Jesusita Fire damaged or destroyed
a large number of structures in the immediate vicinity of the Project site including at least eight
structures onsite and a total of 189 structures. FEIR p. 2-5; Exhibit 4 (County Jesusita Fire
Property Summary (5/26/09)). Additionally, the Tea Fire destroyed 210 residences in the
Riviera and Montecito areas in November 2008. Exhibit 5 (City Tea Fire Damage Assessment —
List Homes Destroyed).

The Final EIR updates the Project Description to briefly describe the burned structures onsite (p.
2-5) however does not describe the off-site damage. The related projects list in the final
document was not updated to include either the onsite reconstruction projects or the-eff=site
reconstruction associated with the hundreds of burned structures in the Project’s vicinity (pp. 3-1
—3-3). The County had an opportunity when revising the final EIR, to include the
redevelopment projects associated with the Jesusita Fire in the related projects list, and
incorporate their impacts into the cumulative impact discussion. Moreover the County had
multiple opportunities to include Tea Fire reconstruction projects in the EIR including in the
drafts released in December 2007 and April 2009. Given these opportunities to update the EIR,
the County’s failure to include these projects in the FEIR demonstrates that best efforts were not
made at full disclosure in the EIR as required by CEQA. See CEQA Guidelines § 15003 (i); San
Franciscans for Reasonable Growth v. City & County of San Francisco (1984) 151 Cal. App. 3d
61, 74.

b. Legally Inadequate Cumulative Impact Analysis

An EIR must discuss significant “cumulative impacts”, defined as “two or more individual
effects which, when considered together, are considerable or which compound or increase other
environmental impacts.” CEQA Guidelines §§ 15130(a), 15355(a). “Cumulative impacts can
result from individually minor but collectively significant projects taking place over a period of
time.” CEQA Guidelines § 15355(b). The list of related projects, discussed above, forms the
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basis of the cumulative impact analysis. See CEQA Guidelines § 15130(b). “When faced with a
challenge that the cumulative impacts analysis is unduly narrow, the court must determine
whether it was reasonable and practical to include the omitted projects and whether their
exclusion prevented the severity and significance of the cumulative impacts from being
accurately reflected." Bakersfield Cirizens for Local Control v. City of Bakersfield (2004) 124
Cal. App. 4th 1184, 1215. '

The cumulative impact analysis in the FEIR is legally inadequate under this standard because it
fails to evaluate the additional contribution of the nearly 400 structures (see Exhibits 4 & 5) that
have been or will be reconstructed or repaired following Santa Barbara’s two recent devastating
fires. Discussed in the prior section the County had several opportunities to include the post-fire
projects in the Final EIR, making the inclusion of these projects both reasonable and practical.
These additional projects will add considerable traffic-on roads used to access the Project site,
and increase the severity of cumulative impacts including air quality, erosion and water quality,
traffic and circulation, and solid waste disposal, among others. As such the exclusion of the
post-fire projects from the cumulative impacts analysis prevented the severity and significance of
cumulative impacts from being accurately reflected. Under these circumstances, the cumulative
impact analysis in the FEIR is legally inadequate. Bakersfield Citizens, 124 Cal. App. 4th at
1215.

c. Legally Inadequate Baseline

An EIR is required to include a description of the physical environmental conditions in the
vicinity of the project, which constitute the baseline physical conditions=for-the impact analysis.
CEQA Guidelines § 15125. While as a general matter CEQA “normally” requires that baseline
reflect the physical environmental conditions existing at the time of the Notice of Preparation
(NOP), id., CEQA requires recirculation of a draft EIR where changes in the environmental
setting create new significant environmental impacts or substantially increase the severity of an
environmental impact. CEQA Guidelines § 15088.5. Since the NOP the physical environmental
conditions in the Project’s vicinity have changed dramatically. Specifically, the Jesusita fire
burned large portion of Mission Canyon, affecting visibility, soil stability, water quality, air
quality, and biological resources, among other things. Dozens of additional construction projects
are and will be underway throughout the area as houses are rebuilt, landscaping restored, debris -
is cleaned up, vegetation is cleared, and other fire-related improvements are made. These
substantial changes significantly increase the severity of numerous impacts identified in the
DEIR and potentially cause other new significant impacts. Two wildfires sweeping through the
Project area in 6 months, destroying scores of homes and burning the majority of the Project site
and its largest building is a substantial, direct and “not normal” enough change in conditions that
§ 15125 demands resetting of the environmental baseline. The failure to revise and recirculate
the EIR following the Jesusita Fire was error, and the FEIR’s impact analysis based upon the
baseline environmental conditions existing at the time of NOP is rendered fundamentally
inadequate.
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d. Failure to Identify Potential Ethnic Impacts

The County’s CEQA Thresholds Manual includes a section on Ethnic Impacts, which the FEIR
does not reference. Specifically, a project may have significant effects on a community, ethnic,
oor social group caused by disruption or adverse effects to a property with cultural significance to
a community or ethnic or social group or conflict with established recreational and religious uses
of the area. County Environmental Thresholds and Guidelines Manual, p. 53. The Project site
carries extraordinary significance for the Jocal Chumash. The FEIR is defective for failing to
identify, evaluate, and mitigate potential ethnic impacts.

e. Failure to Identify Inconsistencies as with Adopted Plans and Policies

Conflicts with plans and policies adopted for the purposes of avoiding or mitigating an
environmental effect are potentially significant impacts under CEQA. See CEQA Guidelines
App. G § IX (b); Pocket Protectors v. City of Sacramento (2004) 124 Cal.App.4th 903, 930. The
FEIR is legally inadequate for failing to identify and analyze any such impacts. The specific
plans and policies that the Project is inconsistent with include but are not limited to: 1)
provisions of the zoning ordinance applicable to recreationally zoned lands; 2) Fire Department
standards and the General Plan requirement that adequate services are available for the proposed
development and; 3) cultural resource protection policies in the General Plan.

i. Conflicts with the Zoning Ordinance

The Project site is zoned Recreation, a special purpose zone. Section 35.26.020 (D) of the
County Zoning Ordinance articulates the purpose of the Recreation Zone as follows:

The REC zone is applied to provide public or private open space areas appropriate for various
forms of outdoor recreation. The intent is to encourage outdoor recreational uses that will protect
and enhance areas with the potential to accommodate both active and passive recreation because
of their beauty and natural features. Proposed recreational uses should compliment and be
appropriate to the area because of the natural features.

The proposed Project is inconsistent with the purposes of the Recreation Zone because it
proposes a significant increase in building area on the site, intensifying indoor and non-
recreational uses. The construction associated with the Project as well as increased building area
and hardscaping will actually diminish the outdoor recreational experience currently available at
the Botanic garden by compromising the beauty and natural features of the Garden as well as
introducing construction dust and noise.

The County Zoning Ordinance also lists specific uses that are prohibited in the Recreation zone.
§ 35.20.030(B)(1)(f); see Tables 2-3 and 4-15. “Carnivals, circuses, and similar activities” are
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prohibited (“— Use Not Allowed”). Table 4-15. “Carnivals, circuses, and similar activities” are
further defined as including “art and craft fairs (including the sale of antiquities and art objects)”.
LUDC § 35.42.260 (F). The VMP Project proposes uses including “Art/Craft Exhibits” that the
Garden has engaged in and proposes to continue. See FEIR Table 2-6, p. 2-25. Exhibits 6-8
provide examples of past Garden events that constitute an “art and craft fair” under the LUDC.
Specifically, the Garden’s 80" Anniversary Celebration, “Art in the Garden” is described as “a
day of strolling through the Garden and an opportunity to view and acquire artwork by artists
from the Santa Barbara Art Association, Goleta Art Association, and Southern California Artists
Painting for the Environment.” Exhibit 6. The Garden describes its “Annual Holiday
Marketplace” of 2008 as “featuring new local vendors and their exciting displays of nature-
related, handcrafted items.” Exhibit 7. The same event in 2006 is described as “featuring the
ever-popular Garden Guild crafters and local artisans™ and offering a “wide range of gifts and
decorative items”. Exhibit 8. The events featuring these arts-and crafts for sale, displayed for -
example on tables in the Garden as depicted in Exhibit 6, clearly fit within the LUDC and
commonly understood definitions of an art and craft fair.! Similarly, the Project Description
contemplates 2 day “community festivals” involving up to 750 people on a case by case basis.
Community festivals are similarly prohibited temporary uses in REC zone districts. The
applicant has even proposed turning its grounds into a Winter Wonderland complete with Giant
Snowmen, 8§ foot Candy Canes and thousands of twinkling lights. Exhibit 9. Careful delineation
of appropriate uses on this Rec zoned parcel are required.

Both in proposing uses that are inconsistent with the purposes of the Recreation zone, and
proposing uses that are specifically prohibited in the Recreation zone, the VMP is inconsistent
with the County’s Zoning Ordinance. The FEIR is defective for failing to identify, evaluate, and
avoid or mitigate this potentially significant impact. See CEQA Guidelines App. G § IX (b);
Pocket Protectors, 124 Cal.App.4th at 930.

1. Conflicts with General Plan Land Use Development Policy 4 and Fire
Department Standards

General Plan Land Use Development Policy 4 provides that prior to issuance of a use permit the
County must find that “adequate public or private services and resources (i.e. water, sewer,

roads, etc.) are available to serve the proposed development.” This finding for cannot be made
for the VMP, because adequate services are not available to serve the proposed development.
Specifically, portions of proposed roads on-site do not meet the County Fire Department’s
minimum width requirement. FEIR p. 4.5-17. Further, Mission Canyon Road which provides the
only vehicular access to the Garden does not meet the Fire Department’s minimum road width

' See e.g. def. fair “a periodic gathering of buyers and sellers in an appointed place; an exposition in which different
exhibitors participate, sometimes with the purpose of buying or selling”(http://dictionary.reference.com/browse/fair)
def. crafi fair: “a fair at which objects made by crafismen are offered for sale”
(http://dictionary.reference.com/browse/craft+fair)
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standards. August 5, 2009 PC Staff Report, p. 45. Moreover, there is no secondary access to the
site as required by the Fire Department. FEIR p. 4.5-17. Additionally, there is insufficient water
~ available to provide for fire flows that meet the County Fire Department’s standards for
commercial facilities without creating deficiencies elsewhere in the system. See August 5,2009
PC Staff Report, p. 45; FEIR pp. 4.9-10 - 4.9-11. Whether the proposed mitigation to extend a
new water line through Mission Canyon will provide adequate water and pressure to meet
commercial fire flow requirements is entirely speculative. See August 3, 2009 letter from fire
and public safety expert Michael Decapua of Public Safety Consultants Northwest, LLC, pp. 7-
8. ‘

Because there are inadequate services available to serve the VMP, and because the VMP does
not satisfy County Fire Department Fire Department minimum standards for road width,
secondary aceess;-and commercial-fire flows, the Project is inconsistent with General Plan LU
Policy 4 and with County Fire Department standards. The FEIR is defective for failing to
identify and analyze these potentially significant land use impacts. See CEQA Guidelines App.
G § IX (b); Pocket Protectors, 124 Cal.App.4th at 930.

iii. Conflicts with General Plan Cultural Resource Policies

General Plan Land Use Element Historical and Archaeological Sites Policy 1 requires that “[a]ll
available measures, including purchase, tax relief, purchase of development rights, etc., shall be
explored to avoid development on significant historic, prehistoric, archaeological, and other
classes of cultural sites.” The VMP is inconsistent with this policy because no such exploration
of all available measures to avoid development-en=b)-the historically significant County
Landmark #24 or 2) culturally, archaeologically, and spiritually significant sites.

Additionally, General Plan Land Use Element Historical and Archaeological Sites Policy 2
requires that project design avoid impacts to cultural or archaeological sites if possible.
Elements of the Project design including the proposed road on the Hansen site do not avoid
significant archaeological and cultural resources, though it is possible to eliminate the road to
avoid the significant sites. Moreover, the Project design includes new structures in and near
Landmark #24 that impact the significance of the landmark (a cultural site), but Project redesign
that would avoid these impacts was not considered.

For these reasons the Project is inconsistent with General Plan Cultural Resource policies, and
the FEIR is defective for failing to recognize this inconsistency as a potentially significant
impact. See CEQA Guidelines App. G § IX (b); Pocket Protectors, 124 Cal.App.4th at 93 0.
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iv. Conflicts with the 1984 and Initiated Revised Mission Canyon Specific
Plan Policies

Mission Canyon is finally updating the 1984 Mission Canyon Specific Plan (“MCSP”) that sets
policy goals and development standards for all development in Mission Canyon. Your Board
initiated revision of specific changes to the MCSP and those changes are currently undergoing
environmental review. At the same time, the applicant here has proposed the largest single
project every proposed for Mission Canyon. Common sense and equity demands that the Board
at least be informed by a careful, searching analysis of the proposed Project’s consistency with
the MCSP. As proposed, the Project conflicts with a number of the MCSP goals and policies,
and will unquestionably constrain the achievement of those goals. While these inconsistencies
may not-provide an independent rationale for rejecting the Project on that basis alone, the Board
should be apprised of the consequences of its actions. FOMC will submit additional detail on
these inadequacies.

f.  Applicant Manipulation of Feasibility

The agency may not simply accept at face value the project proponent's assertions regarding
feasibility of alternative sites and project configurations. Save Round Valley Alliance v. County
of Inyo (2007) 157 Cal. App. Ath 1437, 1458; Laurel Heights Improvement Assn. v. UC Regents
(1988) 47 Cal. 3d 376, 404 (courts will not “countenance a result that would require blind trust
by the public”). The applicant’s feeling about an alternative cannot substitute for the required
facts and independent reasoning. Preservation Action Council v. City of San Jose (2006) 141
Cal.App.4th 1336, 1356; see also Uphold our Rural Heritage (2007) Cal. App. LEXIS 165, 29
(the fact that applicant does not wish to proceed with an alternative not make that alternative
legally infeasible). Here, the FEIR concludes that off-site alternatives are infeasible despite the
fact that they meet most of the basic Project Objectives as required by CEQA (see CEQA
Guidelines § 15126.6). This finding of infeasibility derives from the Project applicant’s strong
opposition to relocating even a portion of the Garden’s facilities and/or activities off-site.
Because the County based its conclusion that an off_site alternative is infeasible upon the Project
applicant’s desires as opposed to facts and independent reasoning, the alternatives analysis
violates CEQA.

g. Inadequate Responses to Comment

The FEIR’s response to public comments received on the draft must reflect a good faith reasoned
analysis. “Conclusory statements unsupported by factual information will not suffice.” (CEQA
Guidelines § 15088 (c). The responses also must address in detail the major environmental
issues raised when the City’s position is at variance with recommendations and objections raised
in the comments. Jd. The responses to comment included in the FEIR do not satisfy these
requirements articulated in the CEQA Guidelines. In particular, the responses failed to
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adequately address the numerous comments and recommendations from experts and laypeople
alike urging that the Fire Protection Plan is inadequate and additional mitigation is required.
FOMC will submit additional detail on these inadequacies.

3. . Findings

Administrative findings must be adequately detailed to enable a reviewing court to trace and
examine the agency’s mode of analysis. Topanga Association for a Scenic Community v. County
of Los Angeles (1974) 11 Cal. 3d 506, 516-517. Findings should function to minimize the
likelihood of the County jumping randomly from evidence to conclusions. /d. Both CEQA and
administrative findings must be supported by substantial evidence in the record.- See Public
Resources Code 21081.5; California Code of Civil Procedure 1094.5 (c). Unfortunately both

* the CEQA and the Project findings issued for this project do not meet this-basic standard-of — -
adequacy. Additionally there are specific requirements for CEQA findings and for the particular
administrative findings required here that also are not met.

a. CEQA Findings

The CEQA findings adopted by the Planning Commission that significant environmental impacts
are mitigated to insignificance are not based on substantial evidence. Particular impact areas in
which proposed mitigation is insufficient to reduce significant impacts to insignificance are 1)
fire protection, 2) cultural and historic resources, and 3) land use/policy inconsistency. The
CEQA findings that identified Project alternatives are infeasible are inadequately detailed,
conclusory and also lack substantial evidence.

b. Administrative Findings

The required finding for CUP and Development Plan approval that the Project is consistent with
all applicable provisions of the Development Code, General Plan, and Community Plan cannot
be made. Discussed in section 1 (e), supra, the Project is inconsistent with several such
provisions. The adopted findings on this issue lack the required level of detail and are not
supported by substantial evidence.

Discussed in section 1 (e) (i), supra, the required finding pursuant to LU Development Policy 4,
as well as specific findings required for CUP and Development Plan approval that streets are
adequate to carry the type and quantity of traffic generated by the proposed use, is not supported
by substantial evidence.

Required findings that all adverse impacts are mitigated to the maximum extent feasible is
inadequately detailed and unsupported by substantial evidence. The FEIR does not even
adequately mitigate significant project impacts let alone merely adverse impacts. Specifically,
significant and adverse impacts to fire protection could be further reduced by limiting Garden
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visitation and activities. Significant and adverse impacts to cultural and historic resources could
be further reduced by prohibiting pavers, eliminating the proposed Meadow Terrace, eliminating
the proposed road on the Hansen site, among other things.

4. Condition Inadequacy

The Planning Commission’s action endorsed a set of Project conditions that fail te adequately
implement mitigation measures, do not rectify policy inconsistencies, are incompetent to provide
meaningful protection for the safety and well-being of the public and the Garden’s staff and
visitors.

In particular, conditions allowing a 50% increase in general, class and event visitation over time
is inherently inconsistent with the Canyon’s resource-constraints: Last minute modifications
change the fire protection and Red Flag notification protocols in a manner inconsistent with the
EIR and FPP. Oak tree replacement ratios are improperly reduced. FOMC will submit
additional detail on these and other inadequacies in the conditions of approval.

5. Historical Resources

The Planning Commission defied the recommendations of the Historic Landmark Advisory
Commission and re-wrote portions of the EIR to alter its fundamental conclusions regarding the
severity of impacts and need for mitigation of impacts to historical resources. The project will
cause numerous irreversible changes to character-defining features of the historic and
Landmarked portions of the Project site.

Condition Cult 3-1 improperly defers the preparation of a Cultural Landscape Master Plan for
both County Historic Landmark #24, Santa Barbara Botanic Garden Mission Dam and Aqueduct,
(also a California State Water Landmark) and certain development east of Mission Canyon Road.
The Master Plan involves resource identification, impact assessment, impact mitigation and
establishment of standards for both construction and operations that properly should be evaluated
as part of the EIR process, not after approval. Further, relying on conformity with the Secretary
of Interior’s Standards is vague and illusory, as those standards themselves are generalized and
vague and do not qualify as specific performance standards that are necessary when mitigation
measures rely on future processes.

Additionally, the paving of trails impacts a character defining feature of the landmark and can
affect the integrity of the historic design concept and use and eligibility for nomination to the
National Register of Historic Places. Various new buildings are planned for location within the
landmark. The Terrace Project redefines the Meadow and constitutes an inappropriate structure
that conflicts with the historic landscape design concept protected in Resolution 2003-059. As
approved, the process allows improper deferral of analysis until after impacts have occurred.
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6. Cultural Resources

The Project includes installing a 20’ wide roadway and two residences atop and/or immediately
adjacent to a Chumash village site. The entire site was the locus of intensive occupation and
Native American utilization, as was much of Mission Canyon, but the village site is itself is
directly affected by the Project. The County is required to avoid such direct impacts whenever
feasible, and there is no evidence that these resources cannot be feasibly avoided.

7. The Appeél Must Be Granted

For all of the above-stated reasons, Friends of Mission Canyon requests that the Board of
Supervisors approve this appeal and deny the project.

We incorporate by reference FOMC’s prior submittals regarding this project as if attached
hereto, including Comments {0 the Draft, Recirculated and Final EIRs and exhibits attached
thereto and our letters submitted to the Planning Commission. We also reserve the ability to
submit additional materials in this matter prior to your Board’s consideration of this appeal.

Thank you for your careful consideration of the important issues contained herein.
Sincerely,

LAw OFFICE OF MARC CHYTILO

-
A'.'
o
ra

/Marc Chytilo
For Friends of Mission Canyon

EXHIBITS

Exhibit 1: Santa Barbara Independent, Reworking the Red Flag, 10/3 0/09
Exhibit 2: United States Fire Administration, Technical Report Series, The East Bay Hills
Fire, Oakland-Berkeley, California, Federal Emergency Management Agency,
. National Fire Data Center, p. 36
Exhibit 3: Public Safety in the Urban-Wildland Interface: Should Fire-Prone Communities
Have a Maximum Occupancy?, Thomas Cova, Natural Hazards Review, August

2005
Exhibit 4: Jesusita Fire Property Summary (5/26/09)
Exhibit 5: Tea Fire Information; Fire Statistics
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Exhibit 7: Ironwood, “Annual Holiday Marketplace” of 2008
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Exhibit 9: Winter-Wonderland, Santa Barbara Botanic Garden, December 2008

Exhibit 10:  California Climate Change Center, Potential Effects of Climate Change on
Residential Wildfire Risk in California, CEC 500-2009-048-F, 8/2009
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Reworking the Red Flag

Fire Agencies Working with National Weather Service to Change Fire Danger Alert System

By Matt Kettmann
Friday, October 30, 2009

The news leaked out rather nonchalantly but to much surprise during Monday’s hearing about plans to expand the Santa
Barbara Botanic Garden: The Santa Barbara County Fire Department will be changing the way it issues red flag alerts,
those warnings that go out to the greater community when the mix of strong winds, Jow humidity, high temperatures, and
other factors collide to result in dangerous wildfire conditions. Once issued, these alerts lead to restrictions on certain
activities, help the region’s various firefighting agencies strategize proper staffing levels, and let the community know to
be mindful of the dangers. o

The announcement on Monday that there would be more red flag influence coming from the National Weather Service
was delivered by County Fire’s Glenn Fidler, and was a shock for everyone in attendance, from planning commissioners
Michael Cooney (“brand new and surprising,” he said) and Marell Brooks (“disconcerting,” said she) to planning staffer
Alex Tuttle (“I guess their methods are more refined?” he said of the NWS) and watchdog attorney Marc Chytilo (“that is
just an enormous change™).

According to Chytilo, Fidler said that there would be “substantial changes” in the way red flag alerts are issued for a
specific area. For Chytilo, who is fighting against the Botanic Garden’s expansion in large part because he and his Mission
Canyon neighbors fear safety will be compromised during construction and because of increases in visitors, this was
important because the garden currently must close on red flag days, and Fidler seemned to be suggesting that those closures
would now be governed by a new protocol. “He amnnmounced that the chief is no longer going to do that,” said Chytilo, “and
if anybody wants to know if there’s a red flag, look to the National Weathér Service.”

EXHIBIT |

11/5/2009 10:46 AM
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SB County Fire P10 Capt. David Sadecki at a Jesusita Fire press conference.

When contacted, Fidler directed the matter to County Fire Public Information Officer David Sadecki. After an
unsuccessful round of phone tag, Sadecki suggested looking at the County Fire Web site, shc/ire.com, which lists red flag
alert info here. That document, which was last updated in April 2008, did not appear to have undergone any recent
tweaks, so Sadecki was asked what changes had recently taken place. “No change,” he replied. “We receive a report each
morning from the NWS. We use their report as a tool to decide red flag or not. NWS uses temperature, relative humidity,
and wind to decide the red flag. The chiefcan-call a red flag if only one condition exists and feels it’s warranted.”

When informed that Fidler’s comments had caused surprise and confusion earlier in the week, Sadecki explained,
“[County Fire] is working with the National Weather Service, local fire chiefs, state officials, and Firescope [a SoCal
firefighting partnership] to update the current policy regarding red flag alerts. When the new policy is worked out, it will
be released to the public.” So why did Fidler announce it on Monday? “I think Glenn was only giving a heads up that a
change is in the works,” emailed Sadecki.

As to what that change will be, no one seems to know, and Sadecki was not more descriptive. Although the City of Santa
Barbara’s red flag point-person Ann Marx was on vacation, the numerous city people spoken 1o on the way to Marx’s
voicemail were also wondering what the status was. Down in Oxnard at the National Weather Service, a similar doubt
prevailed. “That’s a good question,” said NWS fire weather programmer Dave Gomberg. “I’ve heard the same thing, that
they are considering a switch to make it a more consistent message. But I don’t know what the official word is from Santa
Barbara.”

According to Gomberg, different agencies use different standards to call red flag alerts, and many tie it directly to the
National Weather Service’s opinion, which is pretty much set at sustained winds of 25 mph and relative humidity of 15
percent for six hours for Sundowner conditions or, for non-Sundowners, relative humidity at 20 percent or less for 10
hours or more. Others use temperature and various localized conditions and some, such as Ventura and Los Angeles
counties, “rely heavily on trend forecasting” and essentially have their own systems, said Gomberg.

Though he can’t forecast what Santa Barbara County plans to do — and no one else seems to be talking either —
Gomberg was able to share his news about this weekend’s weather: warm and dry, with a slight offshore influence. “It’s
actually going to be a really nice weekend,” said Gomberg.

11/5/2000 10:46 AM



The East Bay Hills Fire. -
Oakland-Berkeley, California
(October 19-22, 1991)

Investigated by: J. Gordon Routley

This is Report 060 of the Major Fires Investlgation Project conducted
by TriData Corporation under contract EMW-90-C-3338 to the United
States Fire Administration, Federal Emergency Management Agency.

Federal Emergency Management Agency

United States Fire Administration
National Fire Data Center
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LIVES SAVED AND LOST

Most of the fatalities occurred between 1130 and 1200 hours as the
fire spread across the north face of Temescal Canyon, involving all of the
structures on Buckingham, Westmoorland, Marlborough, Norfolk,
Sherwick, Bristol, Charing Cross, and Tunnel Roads. The spread of the
fire by 1200 is shown on the following page. Police officers and
firefighters tried to evacuate the area as wind-blown brands and embers
ignited more and more spot fires ahead of the rapidly moving fire front.
Police cars cruised the streets with sirens wailing, and officers used their
PA speakers to wam residents to evacuate.

Residents who had been standing in front of their homes moments
before, watching a fire that was two blocks away, were suddenly piling
belongings, children, and pets into their cars. The steep narrow streets, now
obscured by swirling smoke, were suddenly clogged with cars as falling
power lines and flaming brands ignited spot fires, adding to the confusion.
Some of the narrow roads were blocked by collisions as panicstricken
residents searched for safe escape routes.

The body of Oakland Police Officer John Grubensky was found,
along with five civilian fatalities, at a narrow point on Charing Cross Road.
It appeared that the cars were jammed at this point by ‘a collision in the
narrowest part of the road, and the occupants were unable to escape the
advancing flames.

The fatalities included individuals who were unable to evacuate,
because of age “or disabilities, and several who were overrun by the flames
as they tried to escape. Firefighters reported hearing shouts for help from
onie home and not being able to reach it before it became heavily involved
in -flames. As their positions were overwhelmed, firelighting crews were
split up, and for hours some members did not know the fate of the other
members of their companies.

As they pulled out, they tried to evacuate everyone in the path of
the fire, and some ended up taking refuge where they could find it. The
Lieutenant from Engine 19 reported that he was taking refuge with a group
at the base of Gwin Tank, using a hoseline to protect themselves as the
fire surrounded their position.

A Lieutenant and a Firefighter had to abandon their Patrol vehicle
and took refuge in the swimming pool of a hillside home, along with the
homeowner, and spent more than an hour under the pool cover, sticking
‘their heads out just often enough to splash water on the cover to prevent
its ignition. The house burned, leaving only the pool, and when the fire

Page 36



Public Safety in the Urban-Wildland Interface:
Should Fire-Prone Communities Have a Maximum
Occupancy?

Thomas J. Cova’

Abstract: Residential development in fire-prone wildlands is a growing problem for land-use and emergency planners. In many areas
housing is increasing without commensurate improvement in the primary road network. This compromises public safety. as minimum
cvacuation times are climbing in tandem with vegetation and structural fuels. Current evacuation codes for fire-prone communities require
a minimum number of exits regardless of the number of households. This is not as sophisticated as building egress codes which link the
maximum occupancy in an enclosed space with the required number, capacity, and arrangement of exits. This paper applies concepls from
building codes to fire-prone areas to highlight limitations in existing community egress systems. Preliminary recommendations for

improved communily evacuation codes are also presented.

DO!: 10.1061/(ASCE)1527-6988(2005)6:3(99)

CE Database subject headings: Fire hazards; Evacuvation; Access roads; Traffic capacity; Transportation safety; Codes; Public

safety; Transportation engineering.

Introduction

Residential development in fire-prone wildlands is a growing
problem for land-use and emergency planners. Easy access to
recreation, panoramic scenery, and Jower property costs are entic-
ing people 1o build homes in areas that would otherwise be con-
sidered wildlands. This development steadily increased in the
United States from the mid 1940s, although local growth rates
varied according to economic, demographic;-and_amenity factors
{(Davis 1990). At the same time, decades of fire suppression has
resulted in a record abundance of fuel in and around many devel-
opments (Pyne 1997). This led the Forest Service to recently
identify thousands of communities near federal lands as *‘at risk”
to large conflagrations (U.S. Forest Service 2001).

The area where residential structures and fire-prone wildlands
intermix is called the urban—wildland interface or wildland—urban
interface (Cortner et al, 1990; Ewert 1993; Fried et al. 1999). In
much of this area, homes are being added as the primary road
network remains nearly unchanged. This is not surprising, as in-
terface communities are often nestled in a topographic context
that prohibits the construction of more than a few exiting roads. It
is generally too expensive to build a road into a canyon, or onto a
hillside, from every direction. Also, residents prefer less access
because it reduces nonresident traffic. A common road-network
addition is a culdcsac that branches off an existing road to add
more homes.

'Associate Professor, Dept. of Geography, Center for Natural and
Technological Hazards, Univ. of Utah, 260 S. Central Campus Dr.. Rm.
270. Salt Lake City, UT 84112-9155. E-mail: cova@geog.utah.edu

Note. Discussion open until Janvary 1. 2006. Separate discussions
must be submirted for individual papers. To extend the closing dale by
one monih, a written request must be filed with the ASCE Managing
Editor. The manuscript for this paper was submitted for review and pos-
sible publication on October 7, 2004; approved on February 15, 2005.
This paper is part of the Natural Hazards Review, Vol. 6, No. 3, August
1, 2005. @ASCE, TSSN 1527-6988/2005/3-99-108/$25.00.

Tncremental planning in fire-prone areas has a number of ad-
verse impacts (e.g., wildfire effects, open space decline}, but the
focus in this paper is evacuation egress. “Egress” is defined as a
means of exiting, and it can be viewed as accessibility out of an
area in an evacuation. When a wildfire threatens a community,
residents generally evacuate in a condensed time either voluntar-
ily or by order. In past urban wildfires with short warning time,
limited egress has proven 1o be a problem (“Chaning cross boutle-
neck was a big killer” 1991; Office ol Emergency Services 1992).
Sheltering-in-place is a competitive protective action when there
is not enough lime to escape or a homeowner wishes to Temain
behind to protect property, but it is much less tested than evacu-
ation in wildfires. However given increasing housing densilies in
fire-prone areas without commensurate improvements in the pri-
mary road network, the case for sheltering-in-place is gaining
ground. This leads to an important guestion: “How many house-
holds is too many?” Or alternatively, *“What is the maximum oc-
cupancy of a fire-prone community?”

Maximum occupancies are well defined and enforced in build-
ing safety, and it is common to see the maximum number of
people allowed in an assembly hall posted clearly on the wall.
This concept has not been applied to community development in
fire-prone arcas, although the broader terms of “access” and
“ggress” appear in contemporary codes (National Fire Protection
Association 2002; International Fire Codes Institute 2003). Egress
standards are currently defined in terms of minimum exit-road
widths, or a minimum number of exits, without regard to how
many people might rely on the exits. This is less sophisticaled
than bujlding egress codes which link the maximum expected
occupancy of an enclosed space with the required number, capac-

“ity, and arrangement of exits (Coté and Harrington 2003). Build-

ing cgress codes have been hard earned over nearly a century of
research, refinement, and loss of life (Richardson 2003).

The purpose of this paper is to apply egress concepis drawn
from building fire safety to community egress in fire-prone areas.
Although these concepts and codes were originally developed for
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Fig. 1. Looking west at narow roads surrounding 1991
Quakland-Berkeley fire origin

small-scale, indoor spaces, they have potential utility in fire-prone
communities. The first section reviews background on the grow-
ing urban—wildland egress problem. The next section reviews
basic means-of-egress concepts defined in building codes. A
method is presented 10 compare community egress systems based
on concepts and standards from building safety that includes pre-
liminary recommendations for new community egress codes. The
paper concludes with a discussion of improvements thal can be
made (0 community egress systems.

Growing Urban-Wildland Egress Problem

Representative Communities

There are literally thousands of fire-prone communities in the
West with a static road network and steadily increasing housing
stock. This section briefly=examines 2 representative examples. To
date, the dominant focus of planners and residents in these com-
munities has been structure protection with much less atlention
focused on egress issues. This may be due to the fact that property
foss in wildAres is much more common than loss of life. Poor
egress in interface communities is generally the resull ol narrow
roads, irregular intersections, and few exits. In most of these areas
the likelihood of an extrerne fire is increasing in tandem with the
vulnerability created by steadily climbing minimum evacuation
times. Without fire lo rejuvenate the ecological system, vegelation
advances toward its fire recurrence inierval as home construction
adds additional fuel, residents, and vulnerability (Rodrigue 1993;
Radke 1993; Cohen 2000; Cutter 2003).

Buckinghanm, Qakland, Calif.

Fig. 1 shows the neighborhood at the origin of the 1991 Oakland-
Berkeley Fire 4 years after the fire. Without vegetation to obscure
the view, it is clear that the road network is a maze of narrow
streets. The photo was taken during the initial rebuilding process
when havard abute cedures were being considered. At the
time of the fire there were 337 homies in this neighborhood with
four exits. The fire blocked the two primary exits in its first 1/2 h
(Tunnel Road. east and west). leaving the remaining residents two
narrow, uphill ¢xits, Most of these residents chose to leave on
Charing Cross Road, a 13 fi wide afterthought that was not de-
signed to handle this valurme. Many of the fataliies (Fig. 2) were
residents caught in or near theiv cars al the end of a tralfic queve
when the fire passed.
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Fig. 2. Fualilies, firc origin, and approximaie 30 min fire boundary
in 199} Oukland-Berkeley fire

Mission Canyon, Santa Barbara, Calif.

Mission Canyon is a community just northwest of downtown
Santa Barbara, Calif. that is adjacent to a chaparral ecosystem.
The basic road nelwork geometry was established in the 1930s
and has changed hule since (Fig. 3). In 1938 there were four
households in the upper canyon using two exits {shown in white),
but by 1990 there were more than 400 households relying on the
same (wo exils. All houscholds north the two exits (above) musi
use one of these two exits to leave, but households south of these
exits (below) have more exiting options. The area was originally
grasslands, bur today it contains a significant amount of flam-
mable, non-native vegetation (e.g., Eucalyptus) intermixed with
wood structures. Prior evacuation studies have concluded that

3y

(Date: 1938)

(Dale: 1950)

Fig. 3. Mission Canyon in 1938 (4 homes, 2 exils in white) and 1990
(+00+ homes, same 2 exits in white)




Fig. 4. Overlapping home ignition zones in fire-prone neighborhdod
(30 ft defensible-space buffer)

clearing upper Mission Canyon in the event of a wildfire would
be relatively difficult {(Cova and Church 1997; Law 1997; Church
and Sexton 2002).

Protective Actions in Wildfires

Protective actions in a wildfire differ from a building fire in that
sheltering-in-place in a stractore, water hody or safe zone (e.g.,
parking Jot or golf course) is possible. This distinction is impor-
tant because it means that evacuating a community may not be the
best protective action in some cases (Krusel and Petris 1992).
However, these cases can be difficult to assess during an evenl.
Given more than enongh time to evacuate, this is generally the
best option for protecting life. If there is litde to no time to evacu-
ate, sheltering-in-place is likely the best option because evacuees
risk being overcome by the fire in transit with much less protec-
tion than offered by a shelter. In the middle lies a gray area where
evacuating may be the best option. As strongly as many experts
feel about this issue (Wilson and Ferguson 1934; Decker 1995;
Packman 1995; Oaks 2000), the uncertainty associated with a
scenario can be too great to definitively state the best protective
action. Tt depends on the quality of a shelter, road network geom-
etry, fire intensity, wind speed and direction, visibility, travel de-
mand, water availability and many other factors that are difficolt
1o assess and synthesize under pressure.

A key hurdle in advising people to shelter-in-place in their
homes is that not all structures are defensible. A defensible struc-
rare offers its occupants sufficient protection to withstand a pass-
ing wildfire. This is embodied in the concept of a “home ignition
zone,” or the area immediately surrounding a stracture where ig-
nition is feasible (Cohen 2000). Structures are not defensible il
their ignition zones contain substantial fuel, adjacent ignition
zones overlap, or both. If ignition zones overlap, then creating a
defensible space would require homeowners lo clear their neigh-
bors” vegetation (Fig. 4). In other words, the wood structures in
this figure are not defensible and an ignition chain reaction is
possible. Tn cases where structures are sufficiently spaced, vegeta-
tion and other fuel within the home ignition zone can also render
a structure indefensible. This is common because residents in
these areas generally embrace trees and the amenilies they pro-
vide. In dense, residential arcas with wood structures, overlapping
jgnition zones and few viable shelters or safe zones. providing
residents with sufficient egress is a critical issue.

Building Egress Codes

Early History

The concept of a maximum occupancy originatcd in an arca of
study called “means of egress.” A means-of-egress is defined as,
“ 'a continzous and unobstructed way of travel from any point
in a building or structure to a public way consisting of three
distinct parts: the exit access, exil, and exit discharge (Coté and
Harrington 2003, p. 99).” Means-of-egress studies and associated
codes incorporate all aspects of evacuating a building from stair-
way capacities and known crowd behavior under varying density
to the proper illumination of exit signs. In setting standards for an
enclosed space, an analyst can either examine the number, capac-
ity, and arrangement of exits and calculate a maximum occupancy
ar, alternatively, examine the expecied maximum occupancy and
construct the required minimum egress. In either case, state-of-
the-art egress standards and methods link occupancy to the num-
ber, capacity, and arrangement of exits.

Building egress standards can be traced to an occupancy-
density study conducted by Rudolph Miller around 1910 in Man-
hattan (Nelson 2003). Miller’s objective was to tabulate the den-
sity of workers per floor in 500 waorkshops and factories. This
resulted in a wide range of densities from 19 to 500 ft® per person
with the average for all floors at 107 ft? per person. In 1913 the
National Fire Protection Association established the “"Committee
on Safety to Life” to study egress and formulate standards with a
particular focus on advancing the principle of apportioning
means-of-egress to the number of occupants in a building. One of
the first cgress standards was set by the New York Department of
Labor in 1914 which limited the occupancy on each floor to 14
persons for every 22 in. of stair width. Tn 1935 the National Bu-
reau of Standards published, “Design and construction of building
exits,” an important work in the history of building egress codes.
One finding was that egress codes varied widetly in regards to how
many exits are needed, where they should be, and=their required
characteristics. Five different methods were discovered for deter-
mining required exits widths, and the report concluded with a new
method that required stairwells have sufficient capacity to handle
an evacuation of the most populated floor, the current method
ased in North American codes (Nelson 2003).

Modern Building Egress Codes

Contemporary methods for calculating a maximum occupancy for
a building, floor, or meeting room are simple, but the number of
possible building space uses and exit types is extensive (Coté and
Harrington 2003). For example, the 2003 Life Safety Code®© in-
cludes detailed exit-capacity adjustments (in persons} for stair-
ways based on the presence. size and positioning of handrails, as
well as ramp-capacity adjustments that incorporate ascending or
descending slope (National Fire Protection Association 2003). Tn
general, occupant Joad and building geometry determine the re-
quired number, location, and capacity of exits. An important as-
pect of a means-of-egress is that, “il is only as good as its most
constricting component.” Furthermore, a good design principle
for an egress System is balance among exits because one or more
might be lost in a fire. ’

A central concept in determining building egress is that of an
occupant load factor. Occopant load factors are upper limits on
density that vary with the use of the space. In other words, the
nature of the use of a space determines its allowable density. For
exumple, a “residential apartment building use” is allowed a gross
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Table 1. Occupant Load Factors from Life Safety Code®”

Table 2. Capacity Factors from Life Safety Code®®

Use m? per person .12 per person

Assembly use

Concenirated. without fixed seating 0.65 net 7 nel

Less concentrated, without fixed seating 1.4 net 13 net
Educational use

Classrooms 1.9 net 20 net

Shops, laboratories, vocational rooms 4.6 net 30 net
Day Carc use 3.3 net 35 net
Residential use

Hotels and dorms 18.6 gross 200 gross

Apartmen! buildings 18.6 gross 200 gross

Industrial use

General and high hazard 9.3 gross 100 gross
“Reprinied with permission from NFPA 101-2003, Life Sufery Cude®,
Copyright ©® 2003. National Fire Protection Association, Quincy, Mass.
This reprinted material is not the complete and official position of the
NFPA on the referenced subject, which is represented only by the stan-
dard in its entirety. Life Safety Code® and 101® are registered irade-
marks of the National Fire Protection Association, Qunicy, Mass.

density of 200 12 per person while a “concentrated assembly
(without fixed seating) use™ allows a much higher net density of
7 fi* per person (Table 1). “Net” density refers 1o rooms, and
"“gross” density refers to floors or an entire building. Defining the
maximum density for an indoor space based on iis use is valuable
because it bypasses the need to conduct an empirical occupancy
study for every building. Occupant load factors derived from the
table are then used in conjunction with the area of a meeting room
or floor to design the means-of-egress system and also to trigger
provisions like the need for a sprinkler system.

The required number, capacity, and arrangement of exits are
determined using the occupancy load, the use of the space. and
simple geomeltric rules. The required number of exits for each
story is determincd with a step function based on the use of the
space and the occupancy load. Stories with less than 500 occu-
pants require a minimum of two exits, those with between 500
and 1,000 require at least three exits, and more than 1,000 occu-
pants requires at least four. A capacity-factor table specifies the
minimum width for stairways and horizontal exits based on the
use of the space. Most indoor activities require stairwells to have
0.3 in. of width for each person on the floor with the greatest
number of occupants, but areas with hazardous contents require
0.7 in. per person, a inuch greater capacity (Table 2).

The linear relationship between the maximum number of oc-
cupants and cxit widths was originally proposed by Pauls (1974)
and widely adopted in North America. For cxample. a stairwell
44 in. wide has a capacity of (44 in./0.3 in. per person)=147 per-
sons for most Aoor uses (Table 2). 1t (he oceupancy ol the floor is
expected to exceed 147, then the stairwell capacity is insufficient
and the maximum occupancy must be Jowered or the stairwell
egress capacily must be increased. The arrangement of the exits is
determined using a simple geometric rule called the “one-hall
diagonal rule” that states that two exits shall not be located closer
than one half the length of the maximum diagonal dimension of
the area served (Fig. 5). This requires exits to be sufficiently
remote 50 as to preventa fire from blocking more than one. For
example, if the maximum diagonal distance across a room with
wo cxits is 60 fi.. then the exits must be at least 30 fi. apart.
Finally, an arhitrary distance caotoll is vsed 10 cnsare that no
building occupant is too far from an exit.
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Level components

Stairwells and ramps
{width per {width per
person) person)

Arca (mm) - {in) {mrm) {in.)
Board and care 10 0.4 35 0.2
Board and care, sprinklered 7.6 0.3 5 0.2
Health care, nonsprinklered 15 0.6 13 0.5
High hazard contents 18 0.7 10 0.4
All others : 7.6 03 5 0.2

*Reprinted with permission from NFPA 101-2003, Life Sufery Code®,
Copyright © 2003. National Fire Protection Association, Quincy, Mass.
This reprinicd material is not the complete and official position of the
NFPA on the referenced subject, which is represented only by the stan-
dard in i1s entirety.

Community Egress Codes

Despile the-tremendous fire hazard in many interface communi-
ties, few studies have been done on residential densities in fire-
prone areas (Theobald 2001; Schmidt et al. 2002; Cova et al.

2004). There is certainly nothing as complete as Nelson’s (2003)

longitudinal study of Washington D.C. federal building occu-

pancy densities from 1927 to 1969. Second, there are no road-
capacily studies for fire-prone communities on par with Pauls’

(1974) extensive research on doorway and stairwell capacities.

Roads in interface communities can be very narrow, intersect at

odd angles, and vary in width. The capacity of this type of road

network in dense smoke is difficult to quantify but would likely
be very low. Third, existing egress codes for fire-prone commu-
nities are very general and do not provide the elegant methods for
comparing and testing egress systems found in the building safety
codes. The following codes serve as representalive examples of
contemporary community egress ©6des (National Fire Prolection

Association 2002):

1. 5.1.2 Roads shall be designed and comstructed to allow
evacuation simultanecusly with emergency response
vehicles.

5.1.3 Roads shall be not less than 6.1 m {20 ft) of unob-
structed width with a 4.1 m (13.5 ft) vertical clearance.

While the intent of the codes is clear, they do not link the

occupant Joad with the required minimum number, capacity. and

arrangement of exits. Current codes also tend to overlook the

[urthest distance a hovnsehold is from its closest exit as well as

vulnerability owed to dense fuel along the exits. In general, stan-

dards for interface community access focus more on maintaining
fire-Aghter ingress than resident egress (International Fire Code

Institute 2003). Given that it is easy to find growing interface

communities with miles of tangled narrow roads, many residents,

and few exits, improved egress codes arc a growing necd.

S

diagonal
minimum
o separation
j at least
¥ diagonal

Fig. 5. One-half diagonal rule in building egress cades ensures that
exits are sufficiently remote from one another




Differences in Community and Building
Means-of-Egress Systems

Although there are many similarities between building and com-
munity cgress systems, there are also significant differences. First,
notification systems vary across communities (Sorensen 2000),
whereas warning is generally issued with a siren, flashing lights.
" and a public address system in 2 building. For this reason. warn-
ing is nearly instantaneous and uniform in modern buildings.
where it can take minutes (o hours o warn all residents in a
community, depending on the area, population density, and noti-
fication modes {e.g., reverse 911 or door 10 door). This has egress
implications because the mosl constraining compunenl in a com-
munity’s egress system may simply be information, a vital yet
scarce resource in most emergencies (Alexander 2002). However,
slow notification can have benefits (if it is not too slow), as it can
dampen household departure rates which reduces the likelihood
of a traffic jam from a sudden burst of travel demand in 2 wildfire.
Sudden bursts of travel demand are rare in evacuations but can
lecad 10 cxtrecme stress when cgress is constricted (Quarantclli et
al. 1980: Chertkoff and Kushigian 1999), as in the case of the
1991 Oakland Fire.

Emergency manager behavior, population mobility, and human
response are also important elements of an egress system. Emer-
gency manager behavior is important because an incident com-
mander generally decides who should evacuate and when they
should leave (Lindell and Perry 1992). Mobility in a community
context refers to the proportion of available drivers and vehicles
in a population, whereas building evacuees are generally on foot
or in 2 wheelchair. A glaring example of this constricting factor
exists in many developing countries where mobility can be so Jow
as to render regional evacuation infeasible (e.g., cyclones in
Bangladesh). However, mobility can also cause problems if a

____highly mobile population leaves in a condensed amount of time

and overloads an egress system.

Human response is also important, and evacuee behavior can
be very different in wildfires than buildings. In building fires.
occupants generally proceed directly out of the building or facility
given sufficient egress, knowledge of the Noor plan, and clear
directions. Tn wildfires, there are family members, pets, horses,
and livestock to evacuate, property to protect, and sheltering-in-
place is always an option. These factors can dampen sudden
spikes in egress demand but are more often a drawback in clear-
ing an area quickly. In a building evacuation, the “walk, don’t
fun” rule is used to dampen demand spikes and to reduce the
likelihood of panic. Unfortunately, there arc very few studics on
wildfire evacuation behavior, but analogies can be drawn to
evacuation behavior in other hazards that have been studied in
grealer depth (Perry 1985; Mileti and Sorensen 1990); Zelinsky
and Kosinski 1991; Vogt and Sorensen 1992; Drabek 1996; Dow
and Chutter 2002).

Perhaps the most obvious dillerence between building and
community egress systems is the engineered components. Build-
ings have stairways, clevators, cscalators, ramps, doors, handrails,
and hallways, where_communities_have driveways, roads, inter-
scctions, stop signs, and traffic signals. Although these differences
are significant, general concepts drawn from building codes may
have value in a community context. One approach is to modify
and extend building egress codes to achieve codes of comparable
quality for communities.

Buikling evacuation plan with Community evacuation plan with
nested, constricting components  nested, constricting components

(a) (b)

Fig. 6. Comparing nested, conswicting components in building
ggress system with similar ones in community

What is a Community “Exit”?

An initial geographic problem in designing codes for communi-
ties might be deemed “the community exit_problem.” In a build-
ing contexi, exils have a component referred to as the discharge
that Jeads people to a public way outside the building. In other
waords, safely is defined as “outside™ the room or building. Inside
and outside are ambiguous concepts in a community context and
difficult to specify. If a predefined emergency planning zone
(EPZ) is centered on a known hazard like a nuclear power plant
or chemical stockpile site (Sorensen et al. 1992), then safety can
be defined as outside the EPZ. In wildfires the zone to evacuale is
defined on-the-fly at the time of the event and may expand in any
direction as the fire progresses. For this reasonm, setting egress
codes in advance that relate occupancy load to exit capacities
requires searching the set of all potential evacuation zones.

An insight drawn from building studies can aid in addressing
this problem. As noted, “A means of egress is only as good as its
most constricting component.” In a road-network context. this is
referred 1o as a “bottleneck.” A boltleneck can be used to define
the inside and outside of a communily, as traversing one is similar
to clearing an exit discharge in a building (Cova and Church
1997). In other wards, once a vehicle has successfully traversed a
bottleneck. it is no longer a constraint on travel. This means that
the community exil problem can be viewed as a search for poten-
tial roadway bottlenecks. In a sense, this is the approach adopted
by interface codes that require at least two exits, as this precipi-
\ates a search for communities with only one exit, a potential
bottleneck.

One problem with requiring that communities have maore than
one exit is that a bottleneck can still exist. In short, more than one
exil does not ensure that an egress system is sufficient. Tt depends
on the number of oceupants, the arrangement and capacity of the
exits, and the concentration of travel demand in space and time.
Adding o this problem, bottlenecks can be nested in communitics
as they can jn buildings. Fig. 6 compares nested constricting com-
panents in a building egress system with similar constricting com-
ponents in a community context. Neighborhood A is nested within

“bottlenecks 1, 2, and 3. A building’s outer wall is the point al

which nested constraining components terminaie, but in a com-
munily contexl, components nest from a street segment to &
neighborhood, city, region, and so on. This can be addressed by
terminating the scarch for egress hottienecks when the area con-
strained is larger than that likely to be evacuated in a wildfire.

NATURAL HAZARDS REVIEW © ASCE / AUGUST 2005 /103



Table 3. Proposed Load Factors for Inerface Communities

Table 5. Proposed Capacity Factors for Interface Communities

Road lenpth per Road lenath -Minimum —— —Minimum -
househald per vehicle total exit capacily evacuation time

Use (m) (m) Use (vph per household) (h)
Residential® Residential®

Low wildfire hazard 123 6.3 Low wildfire hazard 1 2

Moderate wildfire hazard 16.7 8.3 Medivm wildfire hazard 2 1

High+ wildfire hazard 200 10.0 High+wildfire hazard 4 0.5
Residential and tourism” Residenrial and rourism”

Low wildAre hazard 12.5 4.2 Low wildfire hazard 1.5 2

Moderate wildfire hazard 16.7 5.6 Mediom wildfire hazard 3 i

High+ wildfre hazard 20.0 6.7 High+wildfire hazard 6 0.5

2 vehicles per household.
"3 vehicles per houschold.

Improving Community Egress Codes

Methods

The focus in a community context is therefore on identifying
constricling components in a means-of-egress system. Further-
mare, to achieve a comprehensive code and associaled methods,
the most constricting component should be defined in terms of the
expecled maximum occupancy as well as the number, capacity,
and arrongement of exits. This is accomplished in a building con-
text with look-up tables and simple geometric ruies like the one-
half-diagonal rule. In this section, preliminary analogues for in-
lerface  conununites are proposed. Agreed-upon community
egress tables and codes will take significant cooperation among
planners, and this represents a more formidable hurdle in terms of
code development and compliance than the technical concepts
discussed here (Burby el al. 1998).

Tables 3-5 represent community look-up tables for residential
loading factors and the minimum number and capacity of exils.
Table 3 depicts preliminary recommendations for community-
hased load factors expressed in road length per household, where
communilies with a greater fire hazard are required to have a
lower density. In other words, as fire hazard increases the maxi-
mum allowable houschold density along roads should decline
(Fig. 7). This is analogous to building codes which require a
Jower occupant density for buildings that contain hazardous ma-
terials (Table 1). To avoid delimiting a comimunity’s boundary,
which is very subjeclive, “density” was defined as the average
length of road (e.g., sireet centerline) per househald in kilometers.
This can be viewed as the average number of driveways per unit
length of road. This calculation requires two easily acquired in-
puls that can be objectively measured: the number of households
and total road length in the community.

Table 4 represents the minimum number of exits required for a
community. which is a siep Tunction of the number of hovscholds.
Allowing commmunilies with only one exit to have up to 50 house-

Table 4. Proposed Mininmm-Exits Table for Interfuce Communities

Maximum
Number of Minimum number households
households of exiling roads per exit
1-30 ] 30
51-300 2 150
301-600 3 200
601+ d4
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“2 vehicles per household.
®3 vehicles per houschold.

holds avoids classifying all culdesacs as noncompliant with a
two-exit minimum code. Table 5 represents the required mini-
mum (total) exit capacity expressed in vehicles per hour (vph) per
household. This is analogous to the linear relationship between
persons and stairwell width-in North American building egress
codes (Table 2). The basis for the minimum required vph per
household is a desired minimum evacuation time. For example, if
a community has a high fire hazard (or greater), then the mini-
mum evacuation time should be at most 30 min (0.5 h). Assum-
ing two registered drivers per household, this requires that the
exits have a minimum capacity of 4 vph per household. So a
community with 100 households would need a tolal exit capacity
of at least 400 vph 1o allow the estimated 200 vehicles o leave in
1/2 1 (200 vehicles/0.5 h=400 vph). This coarse approach to es-
limating minimum evacuation time can be beuer tested for a
given communily with a traffic simulation medel {Cova und
Johnson 2002).

In most fire-prone communilies, the “use” of the space is resi-
dential, but in larger communitics there may be businesses,
schools, churches, community centers, and tourist auractions
(e.g., lakes, botanical gardens, hiking wails). Facilities and attrac-
tions above and beyond residences are importanl because com-
munity occupancy may vary significantly when tourists and tran-

low
wildfire
hazard

roterne | ][]
L e

wildfire

widire [ R ™ o w ™
L O
high+ D D

wildfire l—'!_i!'—__..__!_.-_.ﬂ___;-____

B []

l:l Residence wm Vehicle
5m
—

15m

Fig. 7. Visual depiction of loading factor table for “residential use”
assuming average of 2 registered drivers per home




sients are drawn (Drabek 1996). Furthermore, transient

knowledge_of_the_environment {e.g... evacuation routes) can be

very poar. A community with a high degree of transients is analo-
gaus 10 an-assembly use” in building egress codes because oc-

cupants are generally unfamiliar with their environment. Table 5

requires a minimum capacity of 6 vph per household for high

fire-hazard communities with tourism. So a community with 100

houscholds and tourists would need a total exit capacity of at Teast

600 vph to allow the estimated 300 vehicles to leave in 1/2h

(300 vchicles/0.5 h=600 vph). The assumed mean number of ve-

bicles per household can be adjusted, but standards should be set

psing the maximum probable occupancy in an area rather than the
residents {and thus vehicles) recorded by the census.’

Using Tables 3-5 in conjunction with a diagonal rule, a
maximum-distance threshold and an exit-vulnerability rule, it 1§
relatively straightforward to develop preliminary codes and com-
pare community egress systems. For example:

1. Occupant load factor (density). The density of homes along

the roads in any fire-prone community or portion thereof

should not exceed that specified in Table 3.

Number of exits. The number of means-of-egress from any

fire-prone community or portion thereof shall meet the mini-

mum specified in Table 4.

3. Bxit capacity. The total egress capucity from a fire-prone
community or portion thereof shall meet the factors specified
in Table 5. .

4. Exit arrangement. The closest distance between any two
points along any of the n exits from a fire-prone community
must be at least 1/n the maximum diagonal distance across
the community. The maximum diagonal of a community is
defined as the greatest Euclidean distance between any (W0
households that Tely on the same exit set, and the minimum
distance between exits is defined as the shortest EBuclidean
distance between any (wo points along two exiting roads.

5. Maximuin exit distance. No household in a fire-prone com-
munity shall be forther than 3 km by road from its closest
exit. The maximum exit distance for a community is defined
as the household with the greatest shortest-path distance on
the road network to an exit discharge in the most constrain-
ing bouleneck set {i.e., the end of one of the exitdng roads
from the community).

6. Exit vulnerability (distance to fuel). Exits in a fire-prone
community shall have a 30 ft buffer on each side that is clear
of fucl.

An important aspect of this approach is that each recom-
mended code is an independent test. This means that a community
can meet or fail any subset of the codes. For example, a commu-
nity might meet the density and minimum-number-of-exits codes
but fall short of the exit-capacity code. The advantage of indepen-
dent tests is that distinct limitations in a community’s egress sys-
tem can be highlighted separately. Fig. 8 depicts the proposed
characleristics measured for Mission Canyon.

Table 5 provides the important link berween expected maxi-
mum occupancy and required minimum exit capacity. An inter-
esting aspect of this table is that it can be applied in reverse 10
calenlate a community’s maximum occupancy. For example, if a
high-fire-hazard residential community (i.e.. minimum evacuation
time na greater than 30 min) has a total exit capacity of 1,000 vph
in the most constraining bottleneck set, then from Table 5 the
maximum gccupancy would be (1,000 vph/4 vph
per household)=250 households.

!\J

Maximum diagonal distance: 1850 m

\

Mission Canyon (qross)

Homes :428
Roads : 11300 meters
Exits 12

Capacity : 1600 vph
Density : 26 m/household

.
L Ll
e

B Area A home

M Arei B home Ciosest exil distance: 630 m

Fig. 8. Example (gross) egress calculations for Mission Canyon

Comparing Interface Communities

This section applies the proposed method to sample interface
communilies with high wildfire hazard, relatively low egress, and
regideritial land use. A community with residential land use sim-
plifies the estimation of occupant load by eliminating commercial,
educational, and tourism activities. The inside (and outside) of
gach community is defined by the most constraining road-network
bottleneck set. For example, if a community’s most constraining
bottleneck set is two exits, the calculations are for the households
that would need to traverse one of these exits in an evacuation.
Perhaps the most involved calculation is for road capacity.
This was crudely estimated using Eq. 8-3 in the 1997 highway
capaciry manual (Transportation Rescarch Board 1997):

SFi = 2,800(v/c)fufwf ofrv (M

This equation states that a road’s service flow rate (SF) in ve-
hicles per hour (vph) is the product of the volume-to-capacity
ratio for level-of-service i (v/c); and a set of adjustment factors
for directional traffic distribution f, lane and shoulder width f.
grade f,, and the presence of heavy vehicles fyv- A narrow,
mountainous road operating at level-of-service E (0.78) (maxi-
mum capacity) is assumed (for this analysis) with 100% of the
wraffic in one direction (0.71) on a 9 1t wide Jane and 2 11 shoulder
(0.70) heading downhill (1) with the possible 3% presence of
large recreational vehicles {0.75) for an estimate of capacily per
exil in clear visibility conditions with moderale demand rates of
814 vph (rounded to 800). In communities with uphill exits.
wider roads or no recreational vehicles, this can be adjusted. Con-
centrated demand could greatly degrade this flow rate 10 level of
service F where capacily can no longer be reliably estimated.
Also, it should be noted that this number is very optimistic be-
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Table 6. Data for Comparing Interface Community Egress Systems

Road Density Exil Max. Exit Max. Exil
lengih (m per capacity diam. separ. dist. fuel
Community Homes Exils {m) home) [vph) {m) (m) (m) buffer
Bu::kini_jhurnu 337 4 5,293 16 3,200 1.040 85 430 No
Fmigration Oaks 250 2 11,820 47 1.600 3,212 1.589 2,550 Nn
Summit Park 446 2 18,960 43 1,600 2.230 395 4,700 No
Mission Canyon 428 2 11,300 26 1,600 1.950 630 2,300 No
Area A (net) 60 [ 4.576 76 800 1,520 NA" 1,750 No
Area B (ner) 368 3 6,724 18 2,400 1,250 630 1.900 No

“1991 data.
PNor applicable.

cause it does not consider driveways along a road or other merge
paints that may create flow turbulence.

Table 6 shows the raw data for the communities in the com-
parison which all have “high+" wildfire hazard during the fire
season. Community fire hazard was grossly assigned hased on the
predominant vegetation and residential construction type. A com-
munity of wood structares intermixed with a combination of
highly flammable vegetation (e.g.. Gambel Oak or Eucalyptus)
was assigned a “‘high-+"" wildfire hazard. Table 7 is derived from
Tahle & and the recommended codes presented in the prior seclion
by determining which aspects of each community are “compliant”
(C) or “noncompliant” (N).

An interesting result of this comparison is that the neighbor-
hood at the origin of the 1991 Oakland-Berkeley fire is compliant
for three of the six egress tests. The number and total capacity of
the exits. as well as the furthest distance from any home to its
nearest exil were reasonable. The problem appears to have been
{he relatively high residential density, the close proximity of exits
] and 3 (Fig. 9), and the tremendous amount of fuel along the
exils. The neighborhood had been built to urban densily with only
16 m of voad per houschold (ic., streel centerline length), the

most densely developed neighborhood in the comparison={Fable=—

6). This means that in 1991 the neighborhood had a driveway, on
average, cvery 16 m. This is very dense development for an area
with extremely high fire hazard. The arrangement of the exits was
also not ideal, as exits 1 and 3 were closer than 1/4 the maximum
diagonal distance between the furthest two households relying on
the exits. Tn 1991, exits 1 and 2 were blocked by the fire in its first
1/2 h, and most of the remaining residents chose exit 3 (Charing
Cross Road). However, from the point of view of a wildfire, exits

Table 7. Comparing Interface Communities Against Egress Standards”

Maximum Exit
Number  Exit Exit exit fuel
Community Density of exits capacily arrange disiance  buffer
Buckingham, N C C N C N
Onkland. Calif.”
Emigration C C C N C N
Qaks, Utah
Summit Park, C C N N N N
Thiah
Mission Canyon, C N N N N N
Calif.
Area A (net) C M N N N N
Area B (ner) N C N C N N
*C=comptiant. N=noncompliant.
991 dara.
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1 and 3 are too close Lo one another to be considered genuinely
separate means-of-egress, so a fire that blocks exit 1 is almost
certain to block exit 3 which is just uphill, and this is what hap-
pened in 1991. Finally, there was a substantial amount of fuel
along the exits, and this is what led exits | and 2 to be blocked by
the fire so early in the event. However, all old, if this neighbor-
hood had less than four exits the number of falalities would likely
have been much higher.

In regards to the other neighborhoods in comparison, il is easy
1o identify canyon and hillside neighborhoads in the West with
relatively poar egress systems (o varying degrees. Emigration
Oaks is a neighborhood just East of Salt Lake City, Utah that has
a reasonably pood egress sysien, but it is an elongated commu-
nity and the two exits are less than 1/2 its maxirnum diagonal
distance (Cova and Johnson 2002). This resulted in the commu-
nity being noncompliant in regards (o exil arrangement. The com-
munity also has a substantial amount of highly flammable Gambel
Oak lining the exit-road shoulders. Summit Park is a comnunity
on the Wasatch Mountain ridgeline between Salt Lake City and
Park City. This neighborhood did very poorly. as it currently has
446 homes relying on two proxinal exits that are Jined with co-
nifers. Mission Canyon in Santa Barbara, Calf. also scored poorly
for the same reasons. To provide one example of “net” epress
calculations for a community, Mission Canyon is divided into
areas A (upper canyon) and B (lower canyon). Area A is not
compliant in regards to the number of exits because it has 60
homes and only one exit, where Area B is too dense and does not

QOakland Fire Origin

Homes :337
Roads :5283 m
Exits ]

Capacity : 3200 vph
Density : 16 m/house.

Maximum diagonal
distance: 1040 m

I

Closesl exit
distance: 85 m

Charing Cross

Road Exits blocked

by the fire

250 500 m

Fig. 9. Neighborhood at origin of Qakland-Berkcley fire in 1991




have sufficient exit capacity lo serve ils households. The main
point with Tables 6 and 7 is simply that it is easy (o identify
neighborhoods with equal or greater fire hazard than the 1993
Mt tand-BRerkeley fire case and a more constrained egress
sysiem.

Urban and Emergency Planning Implications

The primary implication of developing a method comparable o
building egress codes is that it is easy (0 identify fire-prone com-
munities with relatively poor egress. The focus for urban and
emergency planners should then tum to implementing new codes
and improving egress Systems. The proposed codes in the prior
seclion can serve as a starting point and would need to be ad-
justed (or expanded) to work for a given Jocality. Also, despile the
ohvious limitations of the egress systems in the prior section,
there are many actions that communities can take to improve their
overall system (Plevel 1997). If a community has relatively poor
cgress, there are both demand-side and supply-side improvements
(or adjustments) that can be implemented with varying cost (Bur-
ton et al. 1993). The focus in demand-side adjustments is reduc-
ing the concentration of vehicles in an evacuation in space and
iime to alleviate the need for egress capacily (e.g., sapply). Ex-
ample demand-side options include Jimiting the construction of
new homes or businesses, limiting renters, constructing wildfire
sheliers, and ideniifying intemal safe zones. Another demand-side
adjustment is o require that structures be defensible so that resi-
dents can shelter-in-place. 1f a communily can demonstrate that
enough structures are defensible or there is sufficient public wild-
fire shelter or safe areas provided within the community, then the
loading and capacity calculations could be adjusted to recognize
that all not all residents will need to evacuate in a wildfire. This
means that the following statement might be appended to each of
the prior preliminary recommended codes:

“ _unless a sufficient number and capacity of defensible
structures, public shelters, or safe areas exist in the community
[or residents to shelter-in-place during a wildfire.”

Supply-side adjustments to improve a community’s egress sys-
tem are also an option. This includes detailed evacuation route
planning (i.e., Who will go where?) as well as reversing lanes and
restricting tarns at intersections to improve exit capacities (Wols-
hon 2001; Cova and Johnson 2003). Communities should also
maintain their egress system. On-street parking restrictions can
prevent low-capacity roads from becoming even lower, and clear-
ing vegetation and other fuel along gvacuation routes can mini-
mize the loss of important exits during a wildfire. Tn cases where
the egress system is severely substandard, widening roads or
building new roads may be needed if more households are to be
added.

Conclusion

Residential development in fire-prone areas is continuing without
commensurate improvements 10 community-based transportation
egress systems. This is only a small part of a much larger policy
problem in fire-pranc areas (Busenberg 2004); but it is an impor-
tant one i pratecting life. The codes presented in this paper
would need to be integrated into a community’s comprehensive
hazard mitigation plan (Burby et al. 2000; Prater and Lindell
2000). However, the methods presented in this paper should help
an analyst or planner in comparing community egress syslems

and possibly formulating codes. This may lead to improved com-
munity egress codes comparable to the higher-guality ones al-
ready in place for 'buﬂdings.—]:imi=ta'ng—residemi—a-l—construclion in--
low-cgress, fire-pronc arcas with a “maximum occupancy’ is not
currently practiced but may be needed in some communities. If
very few homes in 2 low-egress community are defensible and
there is no safe zane or other public shelter, then limiling occu-
pancy is one approach [0 maintaining public safety.

Fconomic pressure is strongly toward developing fire-prone
communities to a density beyond which the egress sysiem can
safely handle in an urgent wildfire evacuation. The beneficiaries
of new home development include new residents, developers,
construction companies, and property tax collectors among many
others. The parties that stand to lose include the residents who
may perish in a wildfire, insurance companics, and the emergency
managers challenged with the increasingly difficult task of pro-
tecting life and property in these rapidly growing areas. Thus, for
political and economic reasons the methods presented in this
paper may only find application in evacuaton planning and com-
paring communily egress systems. In the Jonger term, it is up to
engineers and planners to ensure public safety in the urban-

-wildland interface by providing sufficient-egress {or shelies)-and—

educating residents on protective actions.
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ecito Fire - Tea Fire Incident ' http://www.montecitofire.com/tea_fire.htm

¢ Tea Fire Incident
e Fire Danger - Moderate | Forecast: =% Mon Night: -+ Tue: &

TEA FIRE INFORMATION

FIRE STATISTICS

1,940 acres burned
100% contained on May 20, 2009
210 residences destroyed: 130 City of Santa Barbara, 80 County of Santa Barbara; 9 residences damaged

22 mjuries from smoke inhalation

3 burmn injuries

30 firefighter injuries

Estimated firefighting costs $5,700,000

TEA FIRE RECOVERY ASSISTANCE

Click here for mformation on the application process for Tea Fire Recovery Assistance not addressed by
FEMA, SBA or insurance.

BURN AREA FLOOD POTENTIAL

Click here for a map of burn area flooding potential (provided by Santa Barbara County Flood Control.)

ASSISTANCE ORGANIZATIONS

American Red Cross - Pam Voge - Tea Fire Case Manager - 805-687-1331
Contact for assitance with any needs not being addressed by FEMA, SBA or your insurance.

Contractors State License Board

http://www.cslb.ca.gov/Consumers/consumers-overview.asp

Provides guidance in obtaining licensed contractors and provides information to help protect against
fraudulent contractor practices, etc.

Department of Insurance - §00-927-HELP (800-927-4357)

http://www.insurance.ca.gov

Provides information regarding insurance issues, such as policy retrieval, claims filing, expediting claim
settlements, etc.

Department of Social Services -

bttp://www.dss.cahwnet.gov/dis/CALIFORNIA 1474.htm

Administers the State Supplemental Grant Program (SSGP), which provides grant funds for unmet recovery
needs to individuals and families.

DISASTER ASSISTANCE.GOV - http://www.disasterassistance.gov/daip_en.portal
DisasterAssitance.gov consolidates disaster information in one place. Currently, 17 U.S. Government
agencies, which sponsor more than 40 forms of disaster assistance, contribute to the website. You can apply

EXHIBIT

11/2/2009 10:45 PM



sntecito Fire - Tea Fire Incident http://www.montecitofire.com/tea_fire.htm

for many forms of assistance with a single, online application.

FEMA - 1-800-621-3362
Determines eligibility for various federal programs after citizen teleregisters and receives a Control

Number. Services include:

» Low interest loans.

Cash grants for housing assistance, medical, dental, funeral and other disaster needs.
Home Repair Assistance for essential living areas.

Sponsors crisis counseling, disaster legal services and financial recovery planning.
Determines eligibility for Small Business Administration (SBA) Personal Property Loans,
Jlow-interest, long-term loans to repair or replace a primary residence.

Santa Barbara County Assessor/Recorder/Clerk - (805) 568-2550

http://sbcassessor.com/assessor.aspx

http://sbcassessor.com/clerkrecorder.aspx

Provides information on Property Tax Relief - Click here for the Property Tax Relief form.
_ Replacement-Birth/death/marriage certificates / Copies of deeds

Santa Barbara County- Department of Planning Development - 805-568-3030

Santa Barbara County - Tea Fire Ombudsman Tony Nisich - 560-1098
105 E. Anapamu, Basement Suite 3
Santa Barbara, CA 93101

SBA (Small Business Administration) - 800-659-2955
www.sba.gov/services/disasterassistance
Provides low-interest loans for personal and real property damages/losses as well as business losses.

Social Security Administration—800-772-1213
http://www.socialsecurity.gov

Provides information about replacing lost Social Security and Medicare cards.
Frequently Asked Questions

DAMAGE ASSESSMENT LISTS INFORMATION

Click Here for a lists of Montecito Fire District and/or County of Santa Barbara with significant structural
damage or total destruction. Please be aware that these are preliminary reports and are continuing to be
updated.

Click Here for Montecito Fire District rebuilding guidelines within the Tea Fire Bum area.
Click Here for frequently asked questions regarding rebuilding for Tea Fire Survivors

Montecito property owners with questions regarding the status of their property are encouraged to call the

Montecito Fire District at (805) 969-2537.

FEMA Links

FEMA Denial Letter: Not The Last Word

of 3 11/2/2009 10:45 PM



cito Fire - Tea Fire Incident ' ' http://www.montecitofire.com/tea_fire.htm '

Host Of Federal-State Aid Programs Available

Wildfire Survivors Beware of Recovery Scams

Mobile Disaster Recovery Center Supporting Santa Barbara LAC

ARCHIVED PRESS RELEASES:

Click Here for Archived Press Releases

o Calendar'| About | Home | News | ContactUs | ©2009 - Montecito Fire Protection District-
Powered by E-Wave .

11/2/2009 10:45 PM
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80th Anniversary Celebration — Art In The Garden

80th Anniversary Celebration

Art In The Garden

11:00 a.m.[84:00 p.m. Saturday, June 24

10:00 a.m.B4:00 p.m. Sunday, June 25

Enjoy a day of strolling through the Garden and an
opportunity o view and acquire artwork by artists from the
Santa Barbara Art Association, Goleta Art Association, and
Southern California Artists Painting for the Environment. A
percentage of the purchase price will benefit the Santa
Barbara Botanic Garden'’s education and research

programs.

80th Anniversary Celebration

Art In The Garden

11:00 a.m.[4:00 p.m. Saturday, June 24

10:00 a.m.[4:00 p.m. Sunday, June 25

Enjoy a day of strolling through the Garden and an
opporiunity to view and acquire artwork by artists from the
Santa Barbara Art Association, Goleta Art Association, and
Southern California Artists Painting for the Environment. A

percentage of the purchase price-will benefit the Santa

Barbara Botanic Garden's education and research

programs. from last year's showing "toad Hall" artist: Mary Freericks, watercolor
14x20. Copyright 2005

email: info@sbbg.org  phone: 805-682-4726 fax: 805-563-0352
© 2009 Santa Barbara Botanic Garden
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The Sama Barbara Botanic Garden is
the proud recipient of a prestigious
National Endowment for the ... Read
more
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Home w E-Newsletter =2

Annual Holiday Marketplace
November 2223
Courtyard, 10:00 a.m.-4:00 p.m.

Free admission to sale

November 2223
Courtyard, 10:00 a.m.-4:00 p.m.

Free admission to sale

When nature calls, let it be to the Botanic Garden!
Celebrate our 15th Annual Holiday Marketplace, featuring
new local vendors with their exciting displays of nature-
related, handcrafted items. Get a headstart on your gifts for
this holiday season and be sure to shop early for the best

selection!

email: info@sbbg.org  phone: 8056824726  fax: 805-563-0352
© 2009 Santa Barbara Botanic Garden
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Read more
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When Nature Calls - Holiday Marketplace

It's time for the annual Holiday Markelplace featuring the

ever-popular Garden Guild crafters and local artisans.

When Nature Calls

Holiday Marketplace

Saturday & Sunday, November 18-19
10:00 a.m.4:00 p.m.

Calling all shoppers! It's time for the annual Holiday
Marketplace featuring the ever-popular Garden Guild
crafters and local artisans. Select from a wide range of gifts
and decorative items that reflect the beauty and charm of
the Botanic Garden. The Garden Gift Shop and the Garden
Growers Nursery will feature special gifls as well, making it
the perfect place to kick off your holiday season. See you

there!

email: inffo@sbbg.org  phone: 805-682-4726  fax: B05-563-0352
© 2009 Santa Barbara Botanic Garden
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Preface

The California Energy Commission’s Public Interest Energy Research (PIER) Program supports
public interest energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy services and
products to the marketplace.

The PIER Program conducts public interest research, development, and demonstration (RD&D)
projects to benefit California’s electricity and natural gas ratepayers. The PIER Program strives
to conduct the most promising public interest energy research by partnering with RD&D
entities, including individuals, businesses, utilities, and public or private research institutions.

PIER funding efforts focus on the following RD&D program areas:

« Buildings End-Use Energy Efficiency

« Energy-Related Environmental Research

« Energy Systems Integration

. Environmentally Preferred Advanced Generation

« Industrial/ Agricultural/Water End-Use Energy Efficiency

« Renewable Energy Technologies

» Transportation

In 2003, the California Energy Commission’s PIER Program established the California Climate
Change Center to document climate change research relevant to the states. This center is a
virtual organization with core research activities at Scripps Institution of Oceanography and the
University of California, Berkeley, complemented by efforts at other research institutions.
Priority research areas defined in PIER's five-year Climate Change Research Plan are:
monitoring, analysis, and modeling of climate; analysis of options to reduce greenhouse gas
emissions; assessment of physical impacts and of adaptation strategies; and analysis of the
economic consequences of both climate change impacts and the efforts designed to reduce
emissions.

The California Climate Change Center Report Series details ongoing center-sponsored
research. As interim project results, the information contained in these reports may change;
authors should be contacted for the most recent project results. By providing ready access to
this timely research, the center seeks to inform the public and expand dissemination of clirnate
change information, thereby leveraging collaborative efforts and increasing the benefits of this
research to California’s citizens, environment, and economy.

For more information on the PIER Program, please visit the Energy Commission’s website
wwsw.energy.ca.gov/pier/ or contract the Energy Commission at (916) 654-5164.
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Abstract

We model the interaction of climate-dependent wildfire risk and one spatially explicit
population growth scenario in California to generate measures of changes in wildfire risk to
residential property under different scenarios for future climate. While absolute estimates are
affected by multiple uncertainties, the following conclusions appear robust to those
uncertainties explored: Wildfire risk increases throughout the century in both high emission
(A?2) and low emission (B1) climate scenarios. There is little noticeable difference between AZ
and B1 Special Report on Emission Scenarios scenarios for the periods 2005-2035 and 2035-2065,
but the higher emission A2 scenario does lead to noticeably higher fire risk in the 2070-2100
period when compared to a Bl climate. Average annual monetary impacts due to home loss
may easily prove to be in the billions of dollars by mid-century.

Keywords: Fire, wildfire, risk, climate, scenario, WUI, wildland-urban interface, spatial |
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1.0 Introduction

Wildfires in California routinely threaten people and property, destroy homes, force
evacuations, and result in the death or injury of some citizens and firefighters. As described in
the companion report (Westerling et al. 2009) and previous work, climate change can affect the
size and frequency of wildfires in California, and do so differentially across the state
(Westerling and Bryant 2008, Westerling, Hidalgo et al. 2006, and Lenihan, Drapek et al. 2003).
And while fire poses many hazards, its most direct impact on humans is fundamentally
connected to how people are distributed over the state. Thus, to better create a reasonable
picture of how the California population will be affected by changing wildfire patterns, it is
important to consider both climate-induced changes in wildfire and the interactions of these
changes with growth.

The primary aim of this report is to describe how climate change and human development
patterns over California may interact to lead to differing levels of fire-caused risk to human
residences. In this report, we examine how two climate change scenarios (high emission A2 and
Jow emission B1) interact with one plausible growth scenario to yield estimates for residential
wildfire risk under a variety of uncertainties. In order to mitigate the impact of uncertainties,
our primary results are in the form of statistics on aggregate statewide relative risk (referenced
to the year 2000), though we also present relative risk distributions mapped over the state of
California, in addition to highly caveated estimates for possible monetary damages related to
housing loss.

In the remainder of the introduction, we discuss the impacts associated with wildfire in present-
day California, including the many types of impacts that are not addressed in this report. We
then provide a brief overview of our general approach to modeling and the outcome measures
we use to present the climate impacts.

1.1. Types of Wildfire Impacts

Wildfire impacts humans and the environment in many ways. The most apparent costs arising
from wildfires are those of fighting the fires, and the cost of the homes and other structures
burned by wildfires that encroach into populated areas. These events can be extreme and
receive much attention - in one week in October 2003 over 3000 homes were destroyed, 26 lives
were lost and 3000 square kilometers were burned (Keeley, Fotheringham et al. 2004,
Westerling et al. 2004). In October 2007, over 350,000 households were evacuated in response to
wildfires in southernCalifornia (Reza, Leovy et al. 2007). But there are many other less obvious
impacts, both to humans and also to ecosystems, some of which are listed in Table 1. (See the
California Forestry Board's California Fire Plan for an extremely thorough attempt at
comprehensively assessing wildfire impacts of all sorts). In this paper we focus only on
quantifying changes in direct damages to homes, and therefore when evaluating our results it is
important to remember that these impacts represent just a fraction of the total impacts from
wildfire. While monetization of many of the impacts listed in Table 1 is difficult, the California
Department of Forestry estimated that, for example, watershed impacts of wildfire, in the form
of soil erosion and potential required sediment removal from water bodies, may easily average
out to magnitudes on the order $100 per acre burned, possibly even up to thousands of dollars
per acres burned in some cases (California Forestry Board 1996). This translates to at least tens
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of millions of dollars of annual impacts from that source alone. In addition, many of the
environmental impacts have human consequences. The health and viewshed impacts of
reduced air quality are readily apparent, but there are other more subtle effects, such as
watershed impacts reducing desired fish populations and-reducing power generation ability
from hydroelectric dams.

Table 1. Example types of wildfire impacts

Direct Human Impacts Indirect Impacts

Structures burned/property value lost Watersheds - soil loss, deposits
Suppression expenditures Timber loss

Evacuation costs/lost productivity Habitat disruption

Lives lost and adverse health effects of smoke Species-loss -
Diminished recreational opportunities and viewsheds Non-native species invasion
Disruption to infrastructure availability

When considering damages, itis important to acknowledge that wildfire is in principle a
natural phenomenon that serves a role in maintaining healthy ecosystems, but human presence
and action combine to make fire both a risk to humans, and also potentially a risk to
ecosystems. This is due to humans causing unnatural patterns of wildfire with intensities or
frequencies outside the range of natural variability. For example, fuel suppression may lead to
higher intensities, and human presence may lead to higher numbers of ignitions and higher
frequencies (Syphard, Radeloff et al. 2007). These changes can impact ecosystems in undesirable
ways that may or may not be proportional to the residential impacts we address here.

1.2. Primary Approach: Aggregate Relative Risk

There is a great deal of uncertainty involved in essentially every aspect of wildfire risk
scenarios. The model-generated data required to produce our results is at the end of a long
chain of cascading uncertainty, thus any individual estimates for a particular year or particular
locality cannot be trusted as a “prediction,” even contingent on the climate and population
scenario.

However, by careful analysis, we can still usefully compare different outcomes, while avoiding
taking stock in the precise values for any point in time. This involves circumventing the two
issues of bias and variance. Bias refers to systematic error in the underlying models that will
tend to routinely lead to misestimation in a certain direction. While there is no flawless solution
to this problem, it can be addressed to some degree by considering relative risk changes, rather
than looking at the absolute estimates. If both estimates are off by a common factor, this will be
cancelled out in the relative comparison.

Second, we can help account for random variation at the small scale by only considering
significant aggregations over space and also over time. In any given time period and locality,
there will be effectively random forces changing the risk by various amounts. But when



considered over large enough aggregations, these variations work to cancel each other out, SO
that the percentage error will be lower when considering impacts over all of California than
when considering impacts in a tiny area like the surroundings of a specific town. '

While these techniques do not solve all the problems associated with modeling long-term
impacts, they help significantly. Thus our primary outputs of interest will be aggregate
measures of relative risk. For each combination of climate change scenarios and model
uncertainties, we assess the risk summed over all of California relative to the risk in a baseline
year, where the risks being compared represent the product of probability of exposure to a fire
and the value (number of households) exposed to that fire—though due to fire dynamics,
exposed value is less than total value. For the sake of illustration, we do also present some
spatially distributed data, along with plausible estimates of monetary impacts under highly
caveated assumptions.

2.0 Risk Estimation Methods

The fundamental terms that affect our measures of risk due to wildfire are the expected
frequency and size of wildfires, and the population and number.of households in areas
potentially affected by wildfires. How they are related to generate true risk is not necessarily
straightforward, and is a function of many other variables as well. In this section, we first
discuss the model-generated data we have available as potential inputs to our own risk
modeling, then discuss a conceptual model of wildfire risk. Lastly, we describe how we ,
implement a modeling approach that attempts to capture the important relationships with the
data we have available, while minimizing the impact of our missing data and the fundamental
difficulty of modeling fire-human interactions.

2.1. Base Input Data at the 1/8 Degree Scale

Because forces governing human-fire interactions act over many scales (Falk, Miller et al. 2007),
the appropriateness of any given risk modeling technique is also governed by the spatial scale
for which we are considering impacts. In this case, we are constrained by the spatial resolution
of available hydroclimatic data. These are available for gridcells of 1/8-degree latitude and
longitude (a little less than 14 kilometers between north and south boundaries, less between
east and west boundaries). As described in the Westerling et al. companion report (Westerling
et al. 2009), climate change models using A2 and Bl emissions scenarios are downscaled to this
spatial level and used to force hydrologic simulations. The resulting hydroclimatic data are
used to drive statistical models of both the probability of wildfires exceeding arbitrary
thresholds (using nonlinear multinomial logistic regression methods), which are then combined
with extreme value distributions describing the size of burned areas above those thresholds
(using Generalized Pareto Distributions of extremes). Wildfire occurrence and extent is
originally estimated monthly for 1950 to 2100, though we rely on annualized time-averaged
values for thirty-year windows in generating our risk estimates. The ultimate output of the fire
modeling we utilizing is the expected total burned area in wildfires exceeding the 200 ha
minimum threshold.

To consider the evolving geographic distribution of population and number of households, we
rely on a base case distribution provided by the U.S. Environmental Protection Agency. The
Integrated Climate and Land Use Scenarios (ICLUS) were developed to create thematically
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consistent land use scenarios at high resolution across the United States (US EPA 2008). They
link country level population growth assumptions with the SERGOM spatial distribution model
to generate housing density projections at the 100 meter (m) level (Theobald 2005). At the time
of -analysis, spatial housing density data was available only for a midrange case, but not for the
A2 and Bl socioeconomic growth conditions. These projections were provided on the 100 m
Jevel (hereafter “pixel”, in contrast with 1/8 degree "gridcell”). The precise spatial distribution
of pixels within 1/8 degree gridcells plays no role in our analysis, though as discussed later we
do retain information about the distribution of pixel values within a gridcell, rather than simply
aggregating their associated values to the gridcell level. Other methods for assessing fire risk do
utilize fine spatial detail to construct buffer zones defining fire risk, under the (justified)
assumption that houses may catch fire due to falling embers that land significant distances from
the true fire perimeter (FRAP 2003). Due to lack of reliable spatial data decades in the future,
our approach is essentially independent of this method, relying instead on density distributions
within the gridcell, which may imply an underestimation of risk.

2.2. Conceptual Model of Fire, Exposure and Risk

Climate change has the potential to affect wildfire patterns through multiple channels. One is its
effect on vegetation patterns—as climate changes, vegetation patterns may change as well, with
plants suited to a specific climate and locale migrating or dying off, and being replaced by
plants more suited to the new climate. The combination of vegetation type and moisture
patterns (also affected by climate) can change fuel build-up and moisture levels, which in turn
lead to different distributions of fire probabilities and fire size.

The distribution of people over the landscape also changes with time. The interaction between
humans, landscape and wildfire risk runs through multiple channels as well, some of which
work to counteracteach other. In one sense, development in a given region decreases the
vegetation footprint available for the ignition of wildfires, but human presence may more than
compensate by an increase in human-caused ignitions, where there were only natural ignitions
before. However, the increased presence of humans may also have the effect of decreasing fire
size in the region, through early identification of fires and increased suppression efforts. In
general, the statistical relationship between population density and the human-related “risk of
fire” is some form of inverted U (or even one having multiple maxima), being zero at zero
human presence, and zero at some saturated density, where everything is urban and wildfires
cannot exist. However, the range of shapes possible in between these extremes is not known
and likely highly contingent on many other variables associated with the locality.

Our model of fire risk accounts for human impacts on wildfire probabilities, and also allows for
humans to act in ways that mitigate their exposure to fire proportionally with the value at risk,
thereby capturing some of the interactions described above. These relationships are shown
conceptually in Figure 1. The first several steps were carried out by other researchers as part of
the California Climate Impacts Assessment. The Special Report on Emissions Scenarios (SRES)
scenarios affect population growth and also emissions. Population growth combined with
assumptions about its spatial allocation yields a spatially explicit population trajectory through
time. As modeled by Westerling et al. (2009).this population distribution, together with climate
change, affects the probability and size of wildfires, both directly and through their joint impact
on vegetation change. The focus of the present paper is on the last two steps: Integrating spatial
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population with exposure assumptions to estimate value exposed to loss from wildfire, and
then integrating that exposed value with expected values for area burned by wildfire to
generate estimates of risk.

Figure 1. Conceptual mode! of climate-impacted fire risk



As can be seen from Figure 1, the first way in which human presence is allowed to impact fire
probabilities is by incorporating a population term directly into the statistical model of fire
probabilities affected by human population growth. This term is allowed to be nonlinear, and
has the potential to account for both the increase and decrease in fire risk as population goes .
from very low to very high density (Syphard, Radeloff et al. 2007).

Human presence also affects fire probabilities through its impact on the available vegetated area
over which fire is allowed to start and burn. The fraction of each gridcell covered by vegetation
also enters the fire probability model directly, and we adjust this fraction depending on the
amount and density of human presence in.the gridcell. The precise method by which this
allotment is made is discussed in Appendix 1 of the companion Westerling report (Westerling et
al. 2009), but essentially we use the spatial urbanization projections to identify how much of
each gridcell lies above a certain threshold household density. We then allot that fraction of area
proportionally to the different classes of non-developed, non-water areas remaining in the
gridcell. The thresholds used to define urban are treated as uncertainties in the model, and
affect the variation of our final estimates as described in Section 3.1. Future work will also
explore different vegetation allocation methods as well.

In addition to allowing for human presence to affect the baseline wildfire probabilities, we also
allow that the amount of value exposed to risk may scale negatively as a function of household
density. Here, the concept is that because there exists some density at which an area is urban
and no longer subject to the threat of wildfires, there must be some (statistical, rather than
deterministic) function which relates the value (e.g., number of homes or households) existing in
a given area to the value exposed to the risk—since it is not necessarily the case that all
households in a given area are genuinely at risk for burning due to a wildfire.

These ideas combine into an underlying conceptual model of fire risk for a given gridcell:

RISK,, = P(Coos PuesV (H yucg D) x E()y x 3 X(H o5(H 1))

pixCge

Where p is the probability of a large fire above an arbitrarily specified size, Cis climate, Pis
population, and V describes the vegetation fraction at the gridcell level as a function of the
household distribution at the pixel level. £ (A) denotes the expected burned area conditional on
a large fire occurring, expressed as a fraction of the total non-water area of the gridcell. Xis the
household value exposed at the pixel level, which relates value enclosed to a function s(H),
which scales total value in 2 pixel to the fraction of that value genuinely exposed to risk. The
multiplication by area fraction to generate an estimate of risk involves the assumption that
exposed value is likely to be lost to wildfire in direct proportion to the size of the wildfire
relative to the size of the gridcell. This assumption does not necessarily hold in many cases, but
is made irrelevant in discussions of relative risk. It does play a role in our absolute monetary
estimates described later.

Components of the fire-estimation methodology are rigorously detailed in Preisler and
Westerling (2007) and Holmes, Hugget and Westerling (2008). Here we focus on the estimation
of the value-exposed component. The formalized value-exposed model presented here is not
based on preexisting work, but is designed specifically for this study in order to quantify the
qualitative relationships documented in the literature discussed above. We consider the value
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exposed to wildfire risk within a gridcell to be a function of the value existing within the
gridcell, and also a function of how exposure t0 fire decreases with increasing household
density. In doing this, we do not take into account the explicit spatial location of household
distributions at the 100 m level, but we do utilize information about the distribution of values
associated with the 100 m pixels in each gridcell. That is, we perform our exposure scaling at the
100 m level, and then aggregate the exposure-adjusted values to the 1/8 degree level, rather
than first aggregating value enclosed to the 1/8 degree level and then applying the scaling
function. The rationale behind this ordering is that protective action against wildfire is more
accurately described as taking place at the 100 m level, rather than the ~10 kilometer level. It is
likely that the true scale of relevance lies somewhere in between, and future work may explore
different spatial scales of aggregation, but such exploration was not undertaken for this project.

The form of the exposure scaling function itself is unknown to us, however we assume it to fall
within an envelope of possibilities, and explore the impact of these assumptions. The effect of
its precise form should be somewhat diminished-in our consideration of relative risk, though it
does play a larger role in our analysis on absolute values. To capture a suitable variation in
functional form we choose a function satisfying x* + y* =1, and allow k to vary. Here x is the

ratio of the household density in a 100 m pixel to the “threshold density” above which an area is
considered too urban to be subject to wildfires, and y is the fraction by which the existing value
is scaled. As can be seen in Figure 2, high values of kimply that not much scaling happens until
close to the threshold, while low values of k (below one) imply more drastic scaling even with
low densities. Additionally, to the extent that the fire probability model sufficiently accounts for
human presence, it may or may not be necessary to normalize these scaling adjustments so that
total probability is preserved in the gridcell. In order to address this possibility, we introduce as
another uncertainty a normalization factor in which the scaled values are multiplied by the
reciprocal of the area under the scaling curve. Additional discussion of this rescaling function is
provided in the appendix. :

The full functional form for our value exposed to fire in a gridcell is then:

3@, U0 s d.0)

pixCge

Where A(s) is the area under the exposure scaling function s(H ,,d, k), defined as:

ey

o PR TR
S(th,d,k)= - d ! d =

0 otherwise

The value drepresents the threshold density, and 7is an indicator function for whether
normalization should take place. As a reminder, only H,;, is provided as a formal scenario level
_ kand dare all considered uncertain parameters describing features of human-fire interaction.

It is this expression which is multiplied by the expected burned fraction for a given gridcell and
month inorder to arrive at a gridcell-level risk estimate. '
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Figure 2. Exposure scaling function for different parameter values

2.3. Aggregate Relative Risk to Address Model Bias and Variance

Both the model for wildfire burned area and the growth model for allocation of residences are
likely subject to bias and variance, the statistical terms referring to the size of systematic and
random error, respectively. While these problems of bias and variance suggest that we should
not place a great deal of confidence in the particular estimated values, we can arrive at still-
useful estimates of another form, ones in which we can place more confidence. First, by
aggregating the gridcell-level risk to larger geographical regions, we cancel out much of the
random variation. Second, if we assume that the bias in the model is approximately
nroportional to the true model, then this bias will largely cancel when comparing aggregate risk
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estimates relative to a baseline risk. In order to capitalize on this increase in accuracy, we take as
our primary outputs of interest the aggregate relative risk ratios over all of California.
Specifically: '

N Do (S, TYX E(A) ;e x X o (S.T)

geCC4

> Pee (S0, To) X E(Ag)ge % X 5 (S0, To)

gcCC4

RR¢, =

That is, we compare the risk in a given scenario S and time period T to the risk in a baseline
(historical) scenario, with both calculated under a common set of assumptions.

2.4. Supplementary lllustrative Impacts

We consider two additional forms of impacts that provide more detail of the impacts, withthe—
tradeoff that they are more strongly affected by uncertainties. The first is an illustrative display
of statewide risk distributions at the 1/8 degree level. This output format requires no additional
calculations—we merely retain the distributions over the state calculated for each gridcell,
although the variance-stabilizing effect of aggregating to the state level is then lost.

The second presentation involves estimating monetary impacts associated with statewide fire
risks. This requires supplementing our risk model above with additional assumptions in order
to arrive at measures of expected value lost. Such a technique was described in Westerling and
Bryant (2008), and requires assumptions about housing value and the expected fraction of
housing value lost given a housing unit is lost to a wildfire.

For the estimation of housing value, we use year 2000 housing values scaled by the average
10-year increase in statewide inflation-adjusted average housing cost from 1940 to 2000. This is
approximately 38 percent (US Census, 2009).

The expected fraction of housing value lost given a house is burned is referred to as the
"improved fraction”—this is not equal to 1 because a property retains at least some land value
even if the home is lost. Our estimates will be directly proportional to this ratio, so exploration
of sensitivity to this value is trivial. Therefore, for this study we simply use .5, the median value
utilized by Westerling and Bryant (2008).

Formally, the expected damages function is:

E(damage),. =V xIxRISK,,

Where Vis the housing value, and Jis the improved ratio (.5). Itis recognized that all of the
above factors will in reality be highly property dependent. However, modeling this greater
detail decades into the future would be shrouded in such uncertainty that we chose merely to

3 i 3 1 +ha N T~
consider illustrative values in this analysis.

2.5. Nominal Calibration Exercises

When mode] parameters are unknown, it is common to estimate them by finding parameter
combinations that generate model behavior consistent with observed data or historical
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experience. Because there are often multiple combinations of parameters that lead to matching
of historical output, successful calibration does not necessarily guarantee the model will predict
well when tested outside the period of calibration. However, in our case we can use very basic
calibration techniques not to completely restrict our parameters sample, but to provide a
reference within which our broader range of uncertainties is explored.

The data we calibrate to is the California Department of Forestry's data on annual structures
lost, from 1989 to 2006 (CDF, 2009). Our calibration technique is to fit a linear time trend and
estimate 95% confidence intervals around a prediction for the year 2000, and identify which

. parameter combinations we sampled lead to housing losses within those bounds. Applying this
technique, we find a 95% confidence interval on Year 2000 structures lost of 150 to 1501. Under
the assumption that all structures lost are homes (discussed below), we find the following risk
parameter combinations are consistent with this range:

Threshold urban density (d) =147 and k = 1 and no normalization
Threshold urban density (d) =147 and k = .333 and no normalization
Threshold urban density (d) = 1000 and k = .333 and no normalization

We found that no parameter combination that included normalization and no parameter
combination that included a exposure scaling coefficient (‘’kval’) of 3 led to values within even
the 99 percent confidence intervals around the year 2000, so we excluded those from our
analysis. Our results are then presented in following forms: Our maximal bounds arise from
considering as our input space the outer product of parameter values that were plausible
individually, while our calibrated cases include only those parameter combinations that
actually led to consistent year 2000 values, which we provide for reference. It turns out that our
calibration parameter combinations.include the lowest bound, so in this case there is no
difference between lower calibrated bound and minimum outputs of our uncertainty
combinations. The upper bound case not considered as part of the calibrated set is k=1
simultaneously paired with a density threshold of 1000. The relative sensitivity of all the fire-
probability uncertainties was much smaller, so all combination of those are included.

Clearly this a very simple first-order calibration exercise with several limitations. First, we
make two assumptions regarding the data: One is that all structures lost are housing units,
(which biases our results upwards), and one is that all housing units lost fall within CDF
jurisdiction (which biases our results downward). These opposite biases should partially cancel
each other, but we do not know with which side of zero the net effect lies. Another key issue is
that we applied the calibration after our combinations of uncertain parameters were chosen, so
that our sampling was not a search process to probe the boundaries of plausible parameters. In
reality, many parameter combinations would likely lead to year 2000 values consistent with the
damage estimates of our model, but different parameter combinations may cause the model to
behave differently farther out in the future, even though they match in historical periods.
Future work will explore these implications in more detail. '
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3.0 Results

3.1. Overall Impacts

Our overall results are captured in the box and whisker plot of Figure 3. The ranges displayed
in this plot are contingent on year and emissions scenario, but otherwise all other variables are
treated as uncertain, and their variation contributes to the range of estimates for each climate
scenario. The variation is due to our pre-specified non-random experimental design over the
uncertainties, rather than arising from some probability distribution. Therefore, statistical
inferences related to the differences between the resulting distributions should be avoided.

We see that aggregate statewide risk increases with each time period under both emissions
scenarios. Additionally, we can see that the effect of different emissions scenarios is nearly
indistinguishable through mid century, but that by the 30-year period’ centered around 2085,
the SRES A2 emissions scenario displays noticeably higher risk of property losses due to
wildfire-ascompared to the Bl scenario.

' Most scenario analysis for this series of reports reference the 30 year periods 2005-2034, 2035-2064, and
2070-2099. Our spatial housing distributions were available in 10-year increments only, and as these form
the core of the estimates for value at risk, they are averaged over the 31 year periods extending one year
beyond each of the “standard” périods. The probabilities and expected burn areas are from time averages

over the original 30 year periods.
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Figure 3. Changes in wildfire risk to households, by time period and
emissions scenario

The minimum and maximum values associated with Figure 3 are summarized in Table 2, along
with the lower and upper estimates found when applying only the Y2K-consistent parameters.
Whils we discourage taking great stock in the precise values presented, the current model and
assumptions used suggest California could experience anywhere between a 61 to 715 percent
increase in aggregate fire risk by the end of the century, with a tripling or even quadrupling of
fire risk appearing quite plausible by mid-century, under either climate scenario. It can be seen
that the ranges on the box-and-whisker plot do extend quite far, especially in 2085. However,
the fact that none of the 80 plausible combinations of uncertain parameters yielded a relative
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risk ratio lower than 1.611 by 2085 suggests we can be reasonably confident the risk will
increase substantially, under this particular growth scenario and assuming no drastic
improvements in fire protection ability. The growth scenario we utilize does assume a near
doubling of population from 2000 to 2100, thus much of the risk increase can be explained by
the new population—but the remainder is due to a combination of climate-induced change, and
potential changes in growth patterns that create larger exposed value per capita.

Table 2. Relative risk ratios by period. The ‘Min’ and ‘Max’ columns represent the
bounds of cases we explored. The ‘Min’ and ‘Upper’ columns represent the
bounds from parameter combinations consistent with Year 2000 damage
estimates.

Summary Statistics for Aggregate Relative Risk

Min  Upper Max Min  Upper Max Min  Upper Max

SRES A2 112 183 200 1.83 414 414 206 682 B.15
SRES B1 1.14 1899 247 179 407 407 1.61 642 8633
2005-2035 2035-2065 2070-2100

3.2. lllustrative Spatial Impacts

Figure 4 displays the spatial distribution of residential wildfire risk throughout the state for the
period centered around 2085, using two different climate models and two different climate
scenarios. The color scale codes the expected damages in terms of expected annual structures
lost, by gridcell. The patterns are similar across the state regardless of model and climate
scenario, though it can be seen that for a given model, the A2 scenario shows greater orange
and red areas of high risk as compared to the B1 scenario. '

These maps demonstrate graphically the important relationship between population and risk,
with high risk areas clustering around population centers and the development in the Sierra
Nevada foothills. This is a reflection of multiple factors, including population’s influence on
wildfire itself and the fact that population correlates with structures (homes) exposed to
wildfire, as well as the effects of climate on wildfire. While they are assumed to do so here,
neither the relationship between population and fire nor the relationship between population
and exposed structures must stay fixed through time, which implies a potentially large role for
pelicies to mitigate residential wildfire risk, both through reducing ignitions, and also through
better protection of homes. In addition, because we employed a single base-case growth
scenario that lies between the population and development that would be consistent with the
SRES AZ andB1 storylines, the differences between modeled risks for the A2 and B1 scenarios
(Figure 4) are less than they should otherwise be if we assume consistency between California’s



development narrative and that of the world. That is, the effects on our relative risk measure of
the greater burned areas in the A2 scenarios would be compounded by greater population

growth and more sprawl, and vice versa for the Bl scenarios. The analysis reported here will be
extended in the near future to incorporate new ICLUS growth scenarios compatible with the A2

and B1 storylines.
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Figure 4. Annual Residential Wildfire Risk in 2085 for A2 and B1 expressed as the
mean number of lost homes, for two different climate models.

2]



3.3. lllustrative Monetary Impacts

Table 3 displaﬁys example monetary impacts derived using the methodology described in

Section 2.4, using the base year 2000 value of $211,500. Each value in the table represents a
plausible monetary impact (in billions of 2000 $US) due to lost home value in the center year of
each period (i.e., 2020, 2050, and 2085). We emphasize that the particular values are highly
speculative. Even though the ranges in any given year are already fairly wide, there are still
many factors we do not consider that could strongly affect the results. These include deviation
from the population trajectory that we utilize, as well as different housing value trajectories, the
impact of local variation in housing prices, and the deployment of technologies for better
protecting homes in the face of wildfire, and changes in fire severity. Nevertheless, we can see
from this chart that average annual damages on the order of billions of dollars are quite plausible
beginning mid-century. In general, the higher emissions A2 scenario seems to allow for
potentially worse outcomes, though the difference is slight in any given time period. It should
also be noted that the maximum values shown are associated with parameter combinations that
were outside the year 2000 range, and would require a somewhat implausible worsening of
effective fire protection techniques, though sprawling growth patterns and changing fire
regimes could have this effect.

Table 3. Plausible estimates for aggregate average annual monetary damages
summed across the State of California. The ‘Min’ and ‘Max’ columns
represent the bounds of cases we explored. The ‘Min’ and ‘Upper’ columns
represent the bounds from parameter combinations consistent with Year
2000 damage estimates.

Summary Statistics for Aggregate Example Damages

Min  Upper Max Min  Upper Max Min  Upper Max
SRESAZ 10050 048 24 020 23 13 pes 14 80
SRES B1 00647 045 26 021 25 13 053 N 62
2005-2035 2035-2065 2070-2100

Figures are in hillions of undiscounted Year 2000 dollars and represent possible
ronetary impacts in a representative year during each period.

3.4. Discussion of Uncertainties and Sources of Error

Our model of fire risk is subject to a multitude of uncertainties. These include those
uncertainties that affect the modeled wildfire burned areas used as inputs, and additional
uncertainties about how households distributed on the landscape are interacted with wildfire
burned area to generate a meaningful measure of risk. As can be seen by referring to Table 2,
these uncertainties have the potential to impact the results by a significant factor, with relative
risks spanning all the way from 1.6 to 8.15 for the period centered around 2085.
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The primary uncertainties explicitly modeled on the exposure side and which contribute to the
variance in our results include the form of the exposure scaling function, and the threshold
household density for considering a pixel too urban to be subject to wildfire. In this modeling
exercise, we do not perform a thorough sensitivity analysis to estimate marginal effects of
changing these uncertain parameters. Rather, our focus is on ensuring we have captured a
reasonably wide range of plausible conditions, and illustrated the impact they may have when
propagated through to our outcome measure of interest. Further work to explore the effect of
these uncertainties in more detail may be warranted if more reliance is to be placed on the
precise numeric outcomes.

While we believe we have adequately addressed the explicitly modeled uncertainties with
respect to the qualitative conclusions of this report, the results generated are also subject to
potential sources of error not explicitly considered in the modeling. In particular, the model of
risk may be insufficient to capture important interactions and hidden costs. For example,
perhaps the decrease in exposure with increasing-density comes at sizable increase in
expenditures and risk to firefighters (Headwaters Economics 2008). In general, the magnitude of
systematic errors is diminished by our relative risk measure, but this is not the case if the effects
are significantly nonlinear, or if certain interaction effects qualitatively change over time (for
example, through radically different fire management policies).

Another important source of uncertainty we do not consider is the technological and
management responses to mitigate the damages. Primarily, these responses include the use of
defensible space around homes, combined with home construction technology that is designed
to withstand the presence of wildfire. Many new home construction techniques were
introduced during the twentieth century, and we may assume further innovations throughout
the twenty-first century, although the impact of fire-mitigating technological innovations will
be reduced in proportion to their actual adoption, which may or may.not be significant.
Modeling the presence of these technologies in conceptually accurate detail is at present
infeasible, though future study within our current framework could explore the potential
impacts via changes to our exposure scaling function over time. Additionally, the ability of
technology and forest management to mitigate exposed value may also vary geographically
based on fire and vegetation type. While vegetation plays an explicit role in our fire model, its
potential effect on fire severity and thus value lost is not incorporated into our estimates of
exposed value. Both new technologies and the impact of these fire regime changes could be
represented by reducing the area under the exposure scaling function in different time periods
and regions.

4.0 Conclusions
Our modeling exercise demonstrated the following key results:
e Residential wildfire risk increases over time for all climate scenarios.

e The difference between an A2 climate scenario and a Bl climate scenario is minimal
through mid-century, but some differences emerge in the period 2070-2100, with the A2
scenario leading to approximately 20-30 percent higher risk of property losses from fire.
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In addition, our particular modeling approach and assumptions led to the following secondary
findings, which should be interpreted with greater caution due to their greater sensitivity to the
specifics of the modeling process: ‘

« A tripling and even quadrupling of residential wildfire risk is quite plausible by mid-
century, with even greater increases by the end of the century.

» The general spatial distribution of fire risk is mostly independent of climate scenarios,
though most areas see higher risks under an A2 scenario. In addition, the very strong
correlation between risk and population implies a large role for mitigation of risk
through policies affecting ignitions of wildfires and the vulnerability of homes.

« The average annual cost associated with homes lost to wildfire could easily be in the
billions of dollars by mid-century (in undiscounted year 2000 dollars), and under our
assumptions, will almost always be at least in the tens of millions of dollars.

All of our findifigs, especially those dealing with absolute numeric estimates (rather than
comparisons between scenarios), should be taken as illustrations of plausible futures under
various sets of consistent assumptions. They are not predictions, and they are contingent on one
particular growth scenario and assumptions of constant fire-protection technology. However,
we did take many steps to account for some of the uncertainties involved, and these
explorations demonstrated robustness in the key findings, which should provide some
confidence that they accurately capture the nature of climate change's impact on the residential
wildfire risk in California. Lastly, it should be remembered that residential wildfire impacts
represent only a fraction of the impacts that climate-induced changes in wildfire patterns may
have on California over the remainder of this century.
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Appendix: Specification of Uncertainties

Our model is subject to the uncertainties of both the fire probability model as well as the
exposure estimation model. Some of these were described above, but we enumerate them
completely here, with some additional discussion. Here we take the climate scenario itself (A2
or B1) as well as the spatially explicit growth scenario as given, and discuss uncertainties in
form and parameter values contingent on the climate and growth scenario. Except where noted,
every combination of these parameters was sampled (a full factorial design), leading to an
initial sampling of 72 combinations for most periods, though we eventually ruled out some
parameter combinations as entirely unrealistic.

Non-growth related uncertainties:

Climate-based vegetation migration: A binary variable indicating whether or not vegetation
fractions are allowed to adapt over time to changing fire and climate conditions.

Climate model: Given emissions scenarios produce different changes in climate depending on the
climate model that relates emissions to their climate impacts. This analysis uses the output of
three different models: GFDL CM2.1, NCAR PCM3, and CNRM-CM3.

Uncertainties affecting both fire probabilities and exposure estimates:

Threshold urban density: What value of housing density, in units of household per square
kilometer, is considered the threshold for a pixel being too dense to be subject to wildfires? In
this analysis we use 147 and 1000, which are based on the upper and lower bounds for
suburban density as defined in the ICLUS scenarios.

Growth-vegetation interaction: An ordered indicator for the method by which new residential
growth affects vegetation fraction existing in a given gridcell. There are three options, which
either minimize or maximize vegetation fraction remaining in a gridcell given new growth, and
an option for allotting new growth proportionally to the area fraction already occupied by
vegetation. Model results proved largely insensitive to this variable, so results presented here
use only the proportional option.

All of the above are discussed in more detail in the companion Westerling et al. report
(Westerling et al. 2009). Discussion of the climate and adaptation models can be found in text,
while the threshold values and growth-vegetation interactions are thoroughly discussed in
Appendix 1 of that report.

Uncertainties affecting exposure estimates only:

Concavity of exposure scaling function: The exposure scaling function scales the number of
households in a pixel down to the number considered at risk for wildfire damages, as a function
of density. This is described thoroughly in Section 2.2—we consider three parameter values
(1/3, 1, and 3), each leading to different concavities in the exposure scaling function. As
discussed in section 2.5, we find that the value of 3 is entirely unrealistic, so we do.not consider
that parameter combination in presenting our results.



Normalization of the exposure scaling function: The exposure scaling function can be interpreted as
capturing two different effects: One is the simple effect that wildfire is not likely to spread
beyond a certain “depth” into a group of houses (e.g., beyond 3 "rows ")—due to a combination
of suppression efforts and physical interactions between fire, structures and open space like
roads—though inter-structure spread is a documented phenomenon (Institute for Business &
Home Safety 2008). The scaling also captures the effect that the probability of a fire reaching a
particular pixel is diminished in some proportion to the number of households in that pixel, via
suppression efforts and pre-fire management efforts such as the creation of defensible space.
However, this latter effect is also captured to some degree by inclusion of the population
variable in the fire probability model. This means that if the relative magnitude of the first effect
is small compared to the latter effect, the exposure scaling function will over-estimate the
reduction in risk. If the second effect was perfectly accounted for in the fire probability model, it
would be appropriate to additionally rescale the exposure function so that total probability was
preserved. This is done by dividing by the area under the scaling curve (which will be less than
one). It is unlikely that the true behavior is modeled at either extreme, so we consider both, and
take rescaling as a binary uncertainty in the model. In reality, this does not need to be a binary
variable, and future work should consider values between zero and one. Our calibration
exercises also found that normalizing the scaling function led to unrealistically high values for
the year 2000, so we did not utilize that parameter setting in futher analysis.
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