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1. PROJECDVERVM

1.1 Introduction

Thisdocument is the final report fote 2@2 update of the Colorado Wildfire Risk Assessment\({{IiKA)
project. Itis intended to provide a comprehensive description of the datasets, quantitative risk framework
that wasused results and findings for the assessmemildfire risk assessments astatic models;a
shapshotin time that areinfluenced by data, technology, the natural environment, and the social and
cultural environmentAll of these variableshange and evolve over time.

1.2 Backgrounaf the Colorado Wildfire Risk Assessment

Theinitial statewideColorado Wildfire Risk Assessm@é@OWRA)was published in February 20based

on datasets currenthrough 2012 This assessmentvas based on leveraging data and achievements of
the West Wide Wildfire Risk Assessment (WWA) project, andritailahese to reflect Colorado
conditions, requirements and prioritie€ertain data limitations existed in 2912 assessment, although
enhancements were implemented to focus on Colorado prioritidse Colorado State Forest Service
(CSFSJeveloped theassessment with the best available data, science, and technology available at the
time. The primary purpose of all assessments is to provide information that can be used by decision
makers to address the risk of wildfire in Coloradibe project was fundiand led by the Colorado State
Forest Service (CSFS)

Once the2012 COWRAwas completed, the datavere released toCSFStaff, CSFS partners and
collaborators, and the public. The dateere alsomade availablehrough aninteractive web mapping
application called the Colorado Wildfire Risk Assessment PQ@M/RAPAfter the publication some
COWRAdata layersvere updated as new data beme available.

In 2017, the CSFS embarked on a project to update th&V@ to reflect more currentlata and
O2yRAGA2Yya RSAONAOAY3I /Thdphjdt fecasedion updating the\ksylatasdisi | & A |
centered around the surface fuels data, and deriving mskoutputs that betterreflected conditionsat

the time of publication The pojectwas also complimented by the development of a new CSFS website

to host the web applications associated with BMRA the previous CO WRAP website became the
Colorado Forest Atlas (CHAtps://coloradoforestatlas.org)

In 2022, with increasing severity of large and destructive fires occurring in Coleiaa® the 2017
assessmentthere was a need to update the @@RA with more accurate and #ip-date data. Public
information needs regarding wildfirealve increased substantially, amdth it an increased priority on
identifying risk potential prior to wildfires occurrinjhe impacts and lessons learned from the Cameron
Peak(2020) East Troublesom€2020) and Marshall Firg2021), among other uncharaaistic fires
resonate loudly with Coloradesidents. It is hoped that with an increased detail in data accuracy that
COWRA information can play a more active role in supporting proactive mitigation planning for
municipalities, private landowners, commogal industry and the public.

The 2022 CAVRA update represents a significant step forward with the accuracy and resolutiba of
input data and risk outputs. In addition, many new enhanced modeling approaches, leveraging robust,
validated fire sciencalong withmachinelearning methods, have been applied to increase the accuracy
and usefulness of the risk results. These new models have been stiechlidatedacross the Western
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US over that past five years and have become the standard in Califmichigurrounding statesTheCSFS
is excited to be able to leverage these achievements and put these new models and data to use for the
State of Colorado.

The 2022 CAVRA includes a comprehensive update of all input data, modeling approaches and risk
outputs. As in 2017, the results are encapsulated inG&&S Colorado Forest Atlas Information Portal

a web site to obtain information about forests for tB¢ate of Colorado. Interactive mapping applications
are publicly available to review and query the 2022W®RA datato support wildfire mitigation and forest
resiliency activities. Please refer ltttps:// coloradoforestatlas.org(CFAJor more informationand user
support, provided by the CSFS Geospatial Data and Analysis and Wildfire Mitigation Programs

Note that reference maps are shown throughout this report to help demonstrate the technical methods
and outputs that were achieved. However, these are not intended to be comprehensive, and the reader
is urged to visit the Colorado Forest Atlas web site which affords a rich suite of mapping tools to support
detailed interrogation of the C&VRA data.

1.3 Pupose of the Report

This reportdescribes the datasets, methods and results of the updated risk assessment. It does not
include a description of the fuels updating tagkthe CFA web sitepdatingefforts. A separate G®/RA

Fuels Mapping Methods Reportagailable from the CSFS for those who desire more detailed information
about the fuels data and methods used to derive this data.

This report is intended to provide the necessary background information so that CSFS staff, partners,
Colorado landowners argtakeholders, and the publican properly utilize the data ardFAwveb site for
wildfire prevention and mitigation planning.

1.4 Project Technical Team

This project was completed by CSFS and Technosylva Inc. (La Jolla, CA). Technosylva is the contractor
responsible for development, support and maintenance of the\WWiRA andCFAweb site.To complete

this project CSFS and Technosydraployeda core team of subject matter expertsfirels mapping, fire

behavior analysis, risk assessment, interactive wiehdgvelopment, wildfire prevention and mitigation
planning, and outreach and communicatiorReaders are urged to visit the CSFS web site for more
information athttps://csfs.colostate.edu/

TheCOWRA cordeam consisted af

AmandaWestFordham CSFSAssociate Director, Science and Data Division
Nic Kdlinski, CSFS3eospatial Data and Analysis Program Manager

Dan Beveridge, CSFS, Fire, Fuels and Watershed Manager

Chad JulianCSFS)ildfire Mitigation Program Specialist

Todd RuffnerCSFS, Wildfire Mitigation Program Specialist

Jason Zumstein, Technosylva, Project Manager

Kate Sabourin, Technosylva, Senior SoftwafzataAnalyst

Adrian Cardil Forradellas, Technosylva, Senior Fuels &clerdi§

David Buckley, Technosyhgenior Advisor

Joaquin Ramirez, TechnosylVachnical Senior Advisor

=

=A =4 =4 =4 -4 4 -4 -4

2022Colorado Wildfire Risk Assessmeéltdatec Final Report 7


https://coloradoforestatlas.org/
https://csfs.colostate.edu/

The team is a complement of skills and knowledge, incorporating local Colorado landscapmélels
wildfire field experience along with leading eslgechnical fuels mappindire behavior, and risk
assessmengxpertise. For the fuels update (details in separate fuels report available from CSFS), the core
team also consulted with

T

T
T
1

Scott Ritter, Colorado Forest Restoration Institute, Warner College of Natural Resources, Colorado
State University

Camille StevenRumann, Forest and Rangeland Stewardship Department and Colorado Forest
Restoration Institute, Warner College W&tural Resources, Colorado State University

Boyd Lebeda, Colorado Department of Public Health and Environment

Bradley Pietruszka, USDA Forest Service

Rocco Snart, Colorado Division of Fire Prevention and Control

In addition to the core team, Technosylemployed a team of technical analysts asubject matter
expertsto conduct the processing and development of final results. The technical lesisconsisted

of:

= =4 =4

T

Santiago MonederolechnosylvaChief Scientis& Modeler
Francisco José Diez Vizcaifehnosylva, Lead GIS Analyst
CarmenrRobles Hernandez, Technosylva, Lead GIS Analyst
Humberto Diaz, Technosylva, Lead Software Developer

Lastly, there are a large number of internal CSFS and external advisors who provided input and feedback
during the fuelsnapping and evaluation of risk metrics. They include:

Internal (CSFS Staff)

=

=4 =4 =4 =4 4 4 -4 —f A -f -f o oaoa oo

John Twitchell, Supervisory Forester (CSte@mboat Springs)
Zack Wehr, Supervisory Forester (CGR$idby)

Adam Moore, Supervisory Forester (G8FE®nosa)

Dan Allen, Forester 8FSBoulder)

Ben Pfohl, Supervisory Forester (CBB&der)

John Grieve, Supervisory Forester (GS&®n City)

Max Erikson, Supervisory Forester (CB&ECollins)

Paul Branson, Supervisory Forester (%F%eta)

Andy Schlosberg, Supervisory Forest&H8Voodland Park)
Jodi Rist, Supervisory Forester (CBBStrose)

Kame Long, Supervisory Forester (C&F¥8nd Junction)
Mike Taratino, Superivosry Forester (G&8nison)

Josh Kuehn, Forester (Célida)

JT Shaver, Lead Project Fore¢@bFSalida)

Carolina Manriquez, Forester (CSt€amboat Springs)
Damon Lange, SW Area Manager (E3NF3A\rea Manager)
Derek Sokoloski, SE Area Manager (&E-&rea Manager)
Ron Cousineau, NW Area Manager (@9RSArea Manager)
Allen Gatimore, NE Aredanager (CSHSE Area Manager)
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External Advisors

1 Michael Caggiano, Wildland Fire Decision Support Program Manager (USFS)

Mike Battaglia, Research Silviculturist (UBBEKky Mtn. Research Station)

Peter Brown, Director (Rocky Mtn. Tree Ring Research, RMTRR

Rob Addington, Forest/Fire Program Manager (TNC)

AshleyGarrison, Colorad@&unnisorYampaWhite/Green Basins Grant Manager (Colorado
Water Conservation BoatNR)

1 Nick Stremel, Forestiyire Planning (Boulder County)

1 Chris Wanner, Vegetation StewardsBippervisor (City of Boulder)

1 Nathaniel Goeckner, Extension Agent (Colorado State Univé&isiignsion Service)

=A =4 =4 =

1.5 Definition of Terms

The following table provides a definition of terms as they apply to this project. This reflects terms or
acronyms that hve specific implied meaning for use in a technical or subject matter context.

Tablel. Definition of terms

Term/Acronym b

Burn probability (BP) The probability of a wildfire burning specified point or area. Burn
Probability is the combination of numerous individual fire growth potentic
simulations to create an overall fire growth potential map. This is a key
component for deriving risk outputs in the quantitative risk framework.

Calibration Thetechnicalprocess to refine and/or enhance data or methods to result
a more accurate dataset that depicts actual landscape condit©alibration
typically involves modifying or correcting existing data rather than re
creating or replaing data.

CFA Colorado Forest Atlas Information Portdittps://coloradoforestatlas.org/

Characteristic Output | The term characteristic is applied to represent the combination of output
for aspecific analysis, such as fire behavior Rate of Spread, into a single
composite output. For GR/RA, this term is used to represent the

development of a single Rate of Spread, Flame Length, and Fireline Inte

output.
COWRA Colorado Wildfire Risk Asssment
Exposure The placement of aighly valued resource or assata hazardous

environment¢ such as building a home within a flammable landscape.

Fire Intensity A quantitative measure of the potential level of intensity of a wildfire.
Conventionafire behavior analysis outputs include two measures of fire
intensity; flame length and fireline intensity. Both are used in the\\iIRA.

Fire Intensity Scale A derived metric that summarizes the potential fire intensity wels of
magnitude, each outputlass having a tefold increase in values. Similar tc
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Term/Acronym

Definition
the Richter scale for earthquakes, this method of quantifying fire intensit]
easily understood by the public and nenientific users.

HVRA

Highly Valued Resources and Assé&tss includewildland urban interface
(WU, watershed protectionriparian areas, and forest assets in the-CO
WRA.

Relative importance
weightings

A method of assigning a measure of importance for different HVRA laye
Once responséunctions are assigneeveightings reflect the relative
importance of one layer compared to anotheauch as WUI Risk versus
Riparian Area Risk.

Response functions

A method of assigning a rating of net change to a resource value or ass
(HVRA) based omisceptibility to fire intensity. These impacts can be
negative or positiveThe CONRA focused oresource values or assetsat
would be negatively impacted by fire.

Simulation

The area or extenof fire spread if ignited at a particular location. A
simulation represents the spread area commonly referred to as Time of
Arrivalc a raster representation of the fire spread, while Fire Perimeters |
the vector format representation of the fire spread. Deriving simulations
key technical task in the delspment of the Burn Probability output.

Susceptibility

A measure of how easily a HVRA is damaged by wildfire of different
intensities. However, susceptibility can also refer to beneficial fire effects
certain resources, like some wildlife habitat, tlvan benefit from fire.

Valuesat-risk

A general term synonymous with HVRA.

Vulnerability

A combination of Exposure and Susceptibility, vulnerability is the measu
potential (sometimes called conditional) impacts to HVRA from wildfire
different intensities

Wildfire hazard
(Wildland Fire hazard)

A physical situation witpotential for causing damage to resources or ass
Hazard is measured by two main factqrisurn probability and fire intensity

Wildfire risk (Wildland
Fire risk)

Overall measure of the possibility for loss or harm caused by wildfire. K
the combnation of wildfire hazard and HVRA vulnerability. Risk is
referred to as expected impact.

1.6 Contact Information

For more information about th€ OWRAor the CFAveb application pleasase thecontactpage at
https://coloradoforestatlas.org/contact

1The FIS is based on a technical paper developed by Joe H. Scott and can be lidpnidoatologix.com/wp-
content/uploads/2014/04/Scott_2006.pdf
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1.7 SupplementalDocuments

Additional documents have been developedstgpportthis report These include:

1 CSF8022FuelsMappingFinalReport(June 2@3) - adescription of the technical methods
used to derive the updated 22 surface fuels dataset for Colorado. This report is available from
the CSFS.

1 Wildfire Risk Reduction Planner & Wildfire Risk ViewdserManuals (July 2023 -
documentation that describes how to use t#Awveb applicatios that encapsulates the022
COWRAoutputs. Seéhttps://coloradoforestatlas.org/supportor access to relatedupport
information.

2. RSKASSESSMENRAMEWORRKVERVIEW

This section provides a description of the methods that were used to condu2022COWRA

2.1 Quantitative Risk Framework

The basis for a quantitative framework for assesdiitdland Firerisk to highly valued resourseand

assets (HVRAS) has been established for many years (Finney 2005, Scott 2006). The framework has been
implemented across a variety of scales, from the continental United States (€ladk®®10) to individual

states (Buckley et al 20119, a portion of aNationalForest (Thompsort al2013) to an individual county

(San Diego Wildfire Risk Assessment 20bhZhis frameworkWildland Fireisk is a function of two main

factorst 1) Wildland Firdnazard and®) HVRArulnerability,

2022Colorado Wildfire Risk Assessmeéltdatec Final Report 11
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Figurel. The components of the quantitative Wildland Fire Risk assessment framework.

HAZARD VULNERABILITY
PROBABILITY INTENSITY EXPOSURE SUSCEPTIBILITY
(frequency) (severity) (location) (impacts)

RISK

(HAZARD x VULNERABILITY)

PROBABILITY = the likelihood of a fire burning at a specified place during a specified time

INTENSITY = the characteristics of a fire that causes effects should a fire occur

WILDFIRE

EXPOSURE = the location of resources & assets with respect to the wildfire hazard RISK

SUSCEPTIBILITY = the relationship between fire behavior and outcomes (expected impacts from
different intensity fires)

Susceptability

Adapted from Scott, Thomson, Calkin, 2013.

Wildland Firehazardis a physical situation with potential for causing damage to vulnerable resources or
assets. Quantitatively, Wildland Fire haz#@dmeasured by two main factarsl) burn probability (or
likelihood or burning), and 2) fire intensity (measured as flame length, fireline intensity, or other similar
measure). These factors are simulated using fire behavior modeling software systemsassuch

¢t SOKy2aeft gl Qau, which vaF AsbidSfor thig prdjekta Tthe Technosylva Wildfire Agalyst
software provides advanced fitgehavior analysis ansimulation capabilitieand wasused tocalculate

the COWRAoutputs.?

HVRAvulnerability is also composed of two factarsl) exposure and 2) susceptibility. Exposure is the
placement (or coincidental location) of an HVRA in a hazardous environrfeméxample, building a
home within a flammable landscape. Some HVRAa) aritical wildlife habitat or endangered plants,

are not movable; they are not "placed" in hazardous locations. Still, their exposure to Wildland Fire is the
Wildland Fire hazard where the habitat exists. Finally, the susceptibility of an HVRA to Wildlasd Fire i
how easily it is damaged by Wildland Fire of different types and intensities. Some assetstasdened

and can withstand very intense fires without damage, whereas others are easily damaged by even low
intensity fire.

The framework characterizes Miand Fire risk across a landscape, without regard for a specific ignition
location. Thisframeworkhas been useah the past with historical fire occurrence data to assess Wildland
Fire risk across landscapes, such as counties, operating AtaasalForests and states.

2 For more information about Technosylva and their Wildfire Analyst product line please visit
https://technosylva.com/

2022Colorado Wildfire Risk Assessmeéltdatec Final Report 12


https://technosylva.com/

The Wildland Firerisk triangle is an alternative formulation of this quantitatiVéildland Firerisk
assessment framework-ire effectsreflect the susceptibility of an HVRA Wildland Fire and fire
probability and fire behavior together reflect hazaifre effects are measured as the conditional net
value change (cNVC), which is calculated from fire behavior and response furietiertsehavior refers
to the intensity of a fire if one suld occur.

p(F)

p(F) p(F)
wildland
fire risk
CNVC,

The equation P({P(F) is the probability of fire of intensity claskvided by the overall probability of fire

in any intensity class, which produces the conditional probability of that intensity dxgmsure is
assessed by a geospatasessment of these factors to identify where on the landscape they overlap.
CNVC is the Conditional Net Value Change that represents the fire effects.

TheWildland Firehazard component of the risk assessmartiased on summaas of historical weather
and fire occurrence patternfor the State of Colorad@nd on a fire modeling landscape that characterizes
fuel and topography across trstate.

Primary outputs of thewildland Firehazard component include a spatial assessmentetdtive burn
probability and potentialWildland Fireintensity. This assessment integrated the full range of weather
scenarios encounteredased on an analysis of weather data.

The assessment of HVRA vulnerabihiiuded compiling apatial inventory of highlyalued resource
and assets foundcross the State, consistent with those considered in the/ZDRWRA.

Once analyzedhe hazard and vulnerability componem&re then combined in anfectsanalysis an
assessment diVildland Firehazard (probability and intensityh the context of HVRA susceptibility and
importance,where each HVRA occurs.

2.2 Wildfire Hazard

To satisfy the Wildland Fire hazard component it was necessary to derive outputs that describe fire
occurrence and burn probabilityithin Colorado Historical fire ignition data, as describedigctiord.3,

was ugd to create a dataset of fire occurrence (ignition density). Fire occurrence was then combined with
advanced fire simulation modeling to derive burn probability, as describ8edtiord.5.

2.3 Wildfire Vulnerability

Calculating Wildland Fire vulnerability involves three key components:
1. Definition of HVRA layers (data)
2. Definition of response functions for HVRAs
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3. Definition of relative impomnce weightings for HYRAs

The following figureshows the relationship of these components required to characterize the risk
associated with HVRABor the COWRAthese are shown as HVRA maps in the diagram (i.e. WUI =
Wildland Urban InterfacéVatershedsForest Assets, and Riparian Asgets

Figure2. Components for characterizing risk for Highly Valued Resources and Assets.

HVRA CHARACTERIZATION

T
| |

HVRA MAPS RESPONSE FUNCTIONS RELATIVE IMPORTANCE

WEIGHTINGS

Assignment of Response Functions

The primary underpinning of the Wildland Fire Vulnerability componetiiefisk framework is based on

GKS dzaS 2F GNBaLRyaS FdzyOirzyaédod wSalLIR2yaS CdzyOiGA2
a resource value or asset based on susceptibility to fire intensity. These impacts can be negative or
positive.

Calculéing risk at a given location requires spatially defined estimates of the likelihood and intensity of
fire integrated with the identifiedesource/asset valueThis interaction is quantified through the use of
response functions that estimate expected benefits and losses to values/assets at the specified fire
intensities. The measure of fire intensity used in the model is Flame Length. Specific classes of Flame
Length have been defined that reflect key thregtofor damage from Wildland Fire to the resource
values. Section Hrovides a detailed description of the response functions employed for th&V&a.

For theCOWRA response functions are defined for each categdithe resource value inputs, for each

given flame length category. The Flame Length output datee RS NA GSR dza Ay 3 ¢ SOKyYy 2 a¢
Analysf software. Positive response functions indicate a benefit or increase in value to the resource;
negative respose function values indicate a loss in resource value.

Using the response function matrices, GIS data of flame length and the ldxé&ambined to derive an
output that reflects those areas where the least or most impact/susceptibility exists. Respmui®nhs
represent mathematical relationships between fire characteristics (intensity) and fire outcome. Although
fire outcomes could be related to any fire characteristic, response is typically related to some measure of
fire intensity, e.g., flame lengtfAger and others 2007; Finney 2005).
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Assignment of Relative Importance Weightings

Balancing competing or conflicting land and resource management objectives is a significant challenge to
land and resource management planners. Likewise, it is also Hificcarticulate quantitative weights
establishing the relative importance of HVRAs. This step is not necessary when assessing Wildland Fire
risk to a single HVRALch adVUL It is only when comparing risk among several HVRAs that the issue of
weightingarises.

Using relative importance scores helps to address all of these questions, and allows for summarization
and visualization of risks in a single metric. If assessment results are to ultimately be used for planning
mitigation treatments and strategieshen prioritization decisions that integrate all HVRAs will still
ultimately need to be made. Articulating relative importance scores and how objectives are balanced
makes this decision explicit rather thamplicit and increases the overall transparenof decision
processes.

2.4 Incorporating Building Level Risk Metrics

The quantitative risk framework provides a technical foundation for calculating risk metrics at county and
local scale. However, theemethods do not easily accommodate more detail@glgsis ofising building

data and higkresolution fuels and fire behavior data. For the 2022\WRA, enhanced methods for
assessing defensible space and building damage potential were incorporated using unique data and
machinelearning models that haveden successfully employed and validated in California over the past
G§KNBS &SI NAR® groprietrbuiltis Moksyfatar &dsed cofdined with high resolution

fuels data incorporating LIDAR data sources, enhanced risk metrics are produsegport small
communities and homeowners with understanding risk relative to their specific location and
neighborhood® Building or property level metrics are not provided, as it is believed that data is not yet
refined enough to support this level of analysis. However, using buildings as anchors, high resolution risk
metrics can be accurately produced that are signifitamore detailed than previous risk assessments.
These metrics will aid local homeowner associations and communities with better understanding their
risk landscape. These new metrics are introducesldation 5.3and 5.4.

2.5 Incorporating Egress and Social Vulnerability

Risk as defined as the possibility of loss or harm with respect to wildfire incorporates more than simply
fuels and fire behaviorlt is well understood that transportation access, commonly referred to as
ingress/egress, is an important component to thekriecipe for wildfire. The ability to escape or flee an
active wildfire is key for WUI, wildland or rural landscape environments. Accessibility to transportation
routes that can accommodate the flow of surrounding population can significantly impadtid® f A O Q &
risk.

In addition, the soci@conomic characteristics of population in high risk areas can also substantially
AYLI OG Iy AYRAGARZ £ Qa lFoAtAGe (2 FESS 'y SyONRI C

3¢ S OK Yy 2 BLF tafalisagproprietary commercial dataset used for the development of risk metrics for the
COWRA, however the data itself is not licensmdincludedin the CAWRA or CFA deliverables. It is available
directly from Technosylva via subscription.

2022Colorado Wildfire Risk Assessmeéltdatec Final Report 15



wildland or urban areas. @hacteristics such as economic, age and health may impede the resources
available to an individual, or their physical ability to leave their home during a wildfire.

For the 2022 CAVRA, new metrics were added that incorporate both egress and social vhilitgra
Egress was calculated as a simple road availability model that includes road density by type relative to
population using an assumption that all population is trying to leave at the same time. This basic metric
is enhanced by considering three sBeconomic variables, Tatio of population over 65 years of age, 2

ratio of population in povertyand 3)ratio of population with a disability. These metrics will aid local
homeowner associations and communities with a better understanding of clersiits that may
increase their wildfire risk. The new egress and social vulnerability metrics are introdusection 5.5
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3. RISKMODEL DATABASE DEVELOPMENT

This section describes the datasets and methods usddvelop the database used for the ®ZRA.The
following table provides a list of the key datasets used in theNIRA. These datasets are available on
the CFAweb applicationg.Note that datasets identified with are new for the 2022 G@/RA and were

not in previous assessments. They reflect enhancements in fire modeling methods that have occurred
since 2017 and provide a significant improvement to the level of information to support mitigation
planning efforts. This is in addition to the improvementsat have occurred with fire behavior modeling.

Table2. Description of CAWRA primary datasets.

COWRADataset Description

PRIMARYOUTPUTS

Wildfire Riskto Assets Possibility of loss or harm occurring from a wildfiflae composite risk
metric isobtained by combinin/alues at Risk and Burn Probabijlity
although individual risk metricasoprovide significant value for
specific analysis purposes.

Burn Probability Probability of any area burning.

Firelntensity Scale Quantifies the potential fire intensity for an area by orders of
magnitude

INTERMEDIATBUTPUTS

Valuesat Risk Rating Represents an overalbmpositerating of the potential impact of a

wildfire for all values and assetseated by combining the individual
risk outputs.

TerrainDifficulty Index* Represents those areas where terrain and vegetation characteristi
impedegroundbased suppression efforts

DERIVEDUTPUTS

Building Damage Potentidl Represents the average loss potential for all buildings within a loca
area based otandscapecharacteristics conducive to historical
building losgdoes not incorporate building material)

Defensible Space Index Represents the average building hazard within a local area based
defensible space characteristics of canopy cover, slope and adjace
fuel types.Multiple metrics are provided including each component.

Egress with Social Represents thelality to evacuate a fire in a local area when

Vulnerability* considering the road availability for the surrounding population. Th
includes egress with or without consideration of social vulnerability
characteristics.

WUI Risk Index Represents a rating of the poteatiimpact of a wildfire on people ang
their homes in the WUI

WatershedProtection Risk Measure of wildfire risk tevatershedsrequiring protection as a sourc
for forest health anddrinkingor irrigationwater.

4 Please refer tohttps://coloradoforestatlas.org/

2022Colorado Wildfire Risk Assessmeéltdatec Final Report 17


https://coloradoforestatlas.org/

COWRADataset Description

Forest Assets Risk Index  Measure of wildfire risk to forested lands characterized by height,
cover and susceptibility/response to fire
Riparian Assets Risk Index Measure of wildfire risk to forested riparian areas

Fire Occurrence Ignition density derived frorhistorical ignitiorlocations

FIRE BEHAVIOR OUTPUT

Characteristic Flame Lengt Represents the distance between the tip and base of the flarhés is
a composite output created by combining flame length for individug
weather percentileoutputs.

Characteristic Rate of Represents the speed with which a fire moves in a horizontal direc

Spread across the landscapé@his is a composite output created by combini
flame length for individual weather percentile outputs.

Fire Typdextreme Potential for canopy fire type for extreme weather conditions (cano

weather) fire potential)

igzttw?ngagspottmg S0 Potential for spotting in miles under specific weather conditions.

KEY INPUTS

Fire Ignitions Federaland nonfederalwildfire ignitionspoint data for Colorado were
compiled for the period 1992020

Watershed Protection Represents priority areas where opportunities exist to improve and

Areas maintain water quality and quantity, that may Isebject to impacts
from fire

Forest Assets Forested lands characterized by height, cover and susceptibility /
response to firdoased on LANDFIRE 2020 data

Riparian Assets Rparian areas characterized by functions of water quantity, quality
and ecology

Qurfaceand Canopyruels  Description of surfacand canopyegetation described by fuel
conditions that reflect fire behavior characteristics

Vegetation General vegetation and land cover tygessed on LANDFIRE 2020 d
Wildland Urban Interface Depicts where humans and their structures meet or intermix with
(WuI) wildland fuels. Presented as housing density (houses per acre).

3.1Fuebk and Landscape Data

A key element of the 2022 GWRA was the development ainew and accurate surface and canopy fuel

models dataset. This is commonly referred to as fuels mappinghendata isdefined asfuel models.

Fuel models constitute vegetation groups with simitdnrysical characteristics that contribute to the

spread, intensity, and severity of wildland fires. These characteristics reflect loading, size, and bulk density

of vegetation. Given the complexity of nature, fuel families such as Scott & Burgan 200&oeetSet
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summarize typical groups of vegetation with similar characteristics that would produce an equivalent fire
behavior under defined weather/topography conditions.

The accurate mapping of fuel models is critical for fire behavior modeling andndethe associated
outputs, such as wildfire risk. Fire behavior models estimate fire behavior based on fuel models that
provide numerical descriptions of the physical parameters of the vegetation.

The Scott & Burgan fuel model family was selected for2022 CONRA. It contains 4@efault fuel
models distributed in 7 fuel model groups

w Nonburnable Fuel Type Models (§BO)

Grass Fuel Type Models (GR or 100)
GrassShrub Fuel Type Models (GS or 120)
Shrub Fuel Type Models (SH or 140)
TimberUnderstory Fuel Type Models (TU or 160)
Timber Litter Fuel Type Models (TL or 180)

w SlaskBlowdown Fuel Type Models (SB or 200).

The surface fuel model for the 2022 ®@RA project was created using an OBIA (Object Blasade
Analysis)echnicalapproach.This is a remote sensing based image processing taskiriialves the
conversion of pixels with homogeneous spectral characteristics into larger segments (polygons). Each
segment received a fuel model classification based on these spectral characteristics

€ eg€¢geE

Previous 2012 and 2017 G&ZRA assessments used the most recent version of the LANDFIRE dataset and
applied corrections and enhancements to update the dafmr the 2022 COVRA, a better technical
approach was used that included the integration of LIDAR and other detdjlbdesolutiordatasetswith

a more robust technical and scientific method for delineating fuel models. The OBIA approach results in
a ddinition of fuels by homogeneous polygons. This polygon data is then rasterized to support the
conventional fire behavior modeling methods. For 2022V@RA, a 26n resolution was selected
representing a spatial accuracy consistent with other input datasget providing a significantly
enhanced resolution compared to previous 30m resolution input data and assessments.

The development of a new fuel models dataset, rather than using LANDFIRE data as a source, afforded
the ability for the development of adiibnal fuel models that better characterize the landscapeenty

two (22) new fuel models were added for the 2022 Colorado fuel models. This not only better delineated
the landscape with respect to vegetation fire behavior characteristics, but it dsweal for a better
application of fire modeling methods for urban encroachment, spotting and ottosteling requirements
important for risk characterization.

The CSF2022 Fuels MappinginalReport provides a detailed explanation of the fuel models are th
technical methods used.he following figure presents an example of the 2022 fuels models showing the
new models that better characterize the WUI and urban fringe area subject to fire encroachment.

5Please sefttps://www.fs.usda.gov/rm/pubs_series/rmrs/gtr/rmrs _gtr153.pdf

5 Each fuel model iepresented by two letters (referred to the fuel model group) and a number, referred to a
specific fuel model within that group. Group can also be represented as a nuneb&Riis 100 and GR1 is 101.

7 Please setttps://landfire.gov/.
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Figure3. Example showing therghanced fuel models for the 2022 CO WRA.

3.2 Highly Valued Resources and Assets

iI= Legend X

UIL (911)-Isolated urban
surrounded by Low FB fuel

USL (912)-Scattered urban
I surrounded by Low FB fuel

UCL (913)-Urban core
B surrounded by Low FB fuel

UIH (914)-Isolated urban

surrounded by High FB fuel

USH (915)-Scattered urban

I surrounded by High FB fuel

UCH (916)-Urban core

[l surrounded by High FB fuel

UNB (919)-Unburnable
[l urban areas

ASL (931)-Agricultural Low
Load Fuels, with seasonal
changes of its Burnable
condition

ASH (932)-Agricultural High

Load Fuels, with seasonal

i‘
|

The following Highly Values Resources and Assets were considered during the 200RAG(MPdate.

Buildings

Population

Wildland Urban Interface (WUI)
Waterdhed ProtectionAreas
Forest Assets

Riparian Assets

=A =4 =4 4 -8 4

Buildingsdepicts building footprints from the latest Microsoft Buildings Datd&set.

Populationis depicted by the LandScan 2021 datdset.

Wildland Urban Interfacedepicts where humans and thestructures meet or intermix with wildland
fuels Presented as housing density (houses per atk&)] is a subset o dataset called Where

People Live (WPL) that depicts housing density for Colorado.

8 Please seattps://github.com/microsoft/USBuildingFootprints

9 Please seattps://landscan.ornl.gov/
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Watershed Protectiorrepresents priority areas where opgunities exist to improve and maintain
water quality and quantity, that may be subject to impacts from fire

Forest Assetslepict orested lands characterized by height, cover and susceptibrityponse to fire

Riparian Assetslepicts brested riparim areas characterized by functions of water quantity, quality
and ecology

A description of the data compilation and development methods employed for these HVRAS is provided.

Where People Livéhousing density)

An understanding of the WPL datasetéaguired to properly understand how the WUI was derived from
the WPL data. Both datasets depict housing density although WUI only represents those areas where
people and their structures intermix with wildland fuels.

Using LandScan 2@ Data

Census blocHata has traditionally been used to define Wildland Urban Interface (WUI) areas. As such,
the USFSILVISlataset haoften beenused for wildland fire planning in the pa$tSILVISlefines WUI
areas based on a combination of housing density and fomstrgpercent.

For the 2022 CAVRA, updated Larlan data for 2021 was obtained and used to create the Where
People Live (WPL) and Wildland Urban Interface (WUI) datdsets.

LandScamepicts an estimate of population count on a-Bfter cell basis. The malel used to create
LandScan dataises spatial data and imagery analysis technologies and a-vatiible daymetric
modeling approach to disaggregate census counts within an administrative boundary. Since no single
population distribution model can accoufor the differences in spatial data availability, quality, scale,
and accuracy as well as the differences in cultural settlement practices, LandScan population distribution
models are tailored to match the data conditions and geographical nature ofiedistidual country and
region. A key component of the LandScan model is the integration of night time imagery to determine
where people are living. LandScan is the preferred choice for population data and given its spatial
resolution is ideal for definingghere people live

In particular, he resolution and accuracy of thendScadata provides a better definition of the location

of rural andwildland communities and residential population compared to traditional WUI datasets (i.e.
USFSSILVIBthat were developed using Census Block data that has a coarser spatial resol{tien.
LandScan data has become the standard across the US in wildfire risk assessments for identifying
population locations, specifically for wildland and rural areasalt previously used in the 2012 and 2017
COWRA projects and undergoes continually refinement with new releases.

Figure4 shows & examplemap of the LandScan 20 data

10 please seéattp:// SILVISorest.wisc.edu/maps/WUlor more information about theSILVISVUI data

11 Please visihttps://landscan.ornl.govfor more information about this data source.
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Figure4. LandScar2021 map showing population cour(from the online ORNL LandScan Viewer)
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Technosylvadevelopeda modelthat combined the LandScan data with other relevant datasets, i.e.
Census County Housi@ummaries Colorado county parcel datagw 2022 fuel models forurban and
agriculture areas building footprints, andpostal address locations, to derive 28-meter resolution
housing density datasefThe WPL dataset is calculated to represent the number of houses per acre,
consistent withunits defined by the FederBlegister and USISH_VISThis was done to adhere tmmmon

use and understanding oVUI by plannersand fire professionalsThe following figure depicts the
standard WPL/WUI legends classes used irCO&8VRA

Figure5. WPL and WUhousing density classes.

Wildland Urban Interface
(housing density)

[11-LT1 house/d0 ac

[12 -1 house/40 to 1 house/20 ac
B 2 -1 house/20 to 1 house/10 ac
[14 -1 housef10 to 1 house/5 ac
5 -1 house/5S tol housef2 ac
MG -1 house/2 to 3 housesfac
M7 - GT 3 houses/ac

The following figureshows the 2022 WUI map for an example area.
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Figure6. Example WUI for an area in Colorado Front Range
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In the COWRAand in theCFAapplications, both datasets are depicted as housing density classes in
houses per acre. The WPL and WUI "houses per acre" class breaks also adhere to the standard Federal
Register and USFHLVIKlasses. However, to provide a smoother gradient in hausiensity a few
additional classes have been added. This was undertaken based on feedba€lSiF@mere often local

planning standardsnay vary and accordingly, greater delineation of density classes was preferred.
WPL/WUI classes 3, 4, and 6 represesiv classes that have been inserted into the standard Federal
Register classes.

Wildland Urban Interface

The WPL data incorporates both urban and wildland/rural areas as a measure of housing density. By
applying an advanced model of urban encroachmemgidoth Flame Length and Fuel Models, a WUI
dataset can be derived by extracting thiban coreareas from the WPL. These methods are described in
this section of the report.

UrbanEncroachment

Although nonburnable areas, such as urban, do not direblye a Flame Length assigned due to the lack
of underlyingsurface fuels, it is understood that small urban areas in the wildland urbarfringeareas

are both highly susceptible to wildfifeom adjacent fuels The ternurban fringeis used to referd those
areas on the periphery of highly urban areas thata@smin close proximity to wildland areas.

Accordingly, so that th&esponse Functiomodeling will incorporate these urban areas into ttisk
outputs, the model must accommodaémcroachmeninto urban, norburnable areas. The agreed upon
approach used inhe COWRAwas to extend the Flame Length data into urban areas using GIS
neighborhood smoothingechniques.
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A maximum penetration distance is defined (D25 mil§, and GIS modeling techniques are applied to
extend the Flame Length into urban areas. The best outputs were obtained by using an incremental
neighborhood smoothing technique where the fire behavior value fromnthéland edgevas smoothed

with incremerntal rings. Thisncrementalapproach ensured that the fire behavior values decayed as they
penetrated the urban areas, understandably since the distance from the wildland edge increased, similar
to a decay type function.

Thefire modelingurban encroacment algorithm was enhanced for the 2D COWRA to incorporate
consideration of not only the flame length values of the fuels adjacent to urban areas, but also the type

of fuel models and the density of buildingsThis incorporated changes to the 2022lfunodels to

incorporate new WUI based definitions, in addition to enhanced modeling algorithms that uselc

the new WUI fuel modelslndependent of the flame length it is understood that certain grass and -grass

shrub fuel typesvill have minimal, iiny, encroachment into urban areas. This enhancement resulted in
SYONRI OKYSyYy (G NB&adz Ga G(GKIFIG 6SGGSNI NBLINBaSyiSR [/ { C{
areas as well as accommodating wildland urban areas (small commuratiegjately

Theurbanencroachmentpproach was used to enhance the delineation of Wildland Urban Intefifaice

the WPL dataset Accordingly, this ensured that urban fringe areas and wildland urban areas were
assigned a Response Function value and are reflected in thieRMk Index outputAdditionally; this
ripples into other outputs that utilize the WUI Risk Index, such as Values aridisKildfire Risk.

The following figure shows an example of the WUI enhancements achieved with using urban
encroachment The map orhe left shows the Where People Live housing density data. This dataset is
the source for the WUI as it depictshere people live

The map on the right shasthe WUI with urbarencroachment includedAreas on the fringe of the urban
area are included in the WUI as they are potentially impacted should a wildfire occur, due to their close
proximity to wildland fuels areas.
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Figure7. Example show WPL and WUI with urban encroachmientthe Boulder area

Where People Live (housing density) Wildland Urban Interface (WUI)
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Forest Assets

This layer identifies forest land categorized by its height, cover and susceptibitisponse to fire. Using

these characteristics allows for the prioritization of landscapes reflecting forest assets that would be most
adversely affected & F A NB @ ¢CKS NIYGAYy3 2F AYLRNIFYOS 2N @I fd
interpretation of those characteristics considered most important for their landscafé® following

table summarizes height, cover, and the concept of suscdiijitor response to fire (LANDFIRE20

Existing Vegetation Height (EVH) data set).

Table3. Forest Asset layer characteristics

Height )

0 to 10 meters Open or Sparse Sensitive
10.1 to 25 meters P Closedp Resilient
25.1+meters Adaptive

LANDFIRE n H Ex@3ting Vegetation data (EVT) is the primary source for the forest assets daldnset.
Forest Assets combine specific values of forest height and canopy cover class to determine a fire response
class. This crosswalk of values is broken down into three groups defined as sensitive to fire, resilient to
fire, and adaptive to fire.

Table4. General description of the Forest Assets fire response classes.

Value Impacted ‘ General Description

Fire sensitive. Intolerant trees sensitive to damage from fire with

Sensitive (Code = 1) intensities

Fire resisters. Tolerant tree species whose adult stages can surviy

Resilient (Code 2) severity fires.

Fire endurers. Tree species adapted with the ability to regene

Adaptive (Code = 3) following fire by sprouting or serotinous cones.

The following table presents description of the canopy cover classes. The source is the National
Vegetation Classification Standard (NVCS) class attribute (NVCSCLASS) in the 20NIBEMRHata set.

Tableb. Description of canpy cover classes for Forest Assets.

Value Impacted ‘ General Description

Canopy cover may be less than 25% in cases when the cover of e
the other life forms present (i.eshrub, dwarfshrub, herb, nonvascula
is less than 25% and tree cover exceeds the cover of the other life f¢
Hence, the cover is 125%.

Sparse

Open stands of trees with crowns not usually touching (gene

Open forming 2560% cover).
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Value Impacted General Description

Closed Trees with their crowns overlapping (generally formingl®0% cover)

The following figure presents the Forest Assets dataset for Colorado

Figure8. Colorado Forest Assets.

.)Cheyenne ForeSt ASSEtS
= 1 - Sensitive,
Closed, 0-10m

2 - Sensitive,
= Closed, >10m

" Fort Collins
Greeley 3 - Sensitive,
Open, 0-10m
Longmont 4 - Sensitive,
Open, >10m
g 5 - Resilient,
- Closed, 0-10m

Denver
g - 6 - Resilient,
Closed, >10m
7 - Resilient, Open,
0-10m
8 - Resilient, Open,
>10m
X '\Co!orado Springs - ?:lé?efja%x%m
10 - Adaptive,
Closed, >10m
11 - Adaptive,
Open, 0-10m
12 - Adaptive,
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Riparian Areas

This layer identifies riparian areas that are important as a suite of ecosystem services, including both
terrestrial and aquatic habitat, water quality, water quantity, and other ecological functions. Riparian
areas are considered an especially importatgngent of the landscape i€olorado Accordingly, a
separate data set has been compiled to provitieF8e opportunity to consider the impact from fire in
riparian areas.

The process for defining these riparian areas was complex. It involved identifgimigarian footprint

and then assigning a rating based upon two important riparian functions. These functions are water
guantity and quality together as well as ecological significaddechnical teanfrom the West Wide Risk
Assessment projectievebped the riparian areadata layer model with ikind support from state
representatives. Input data sets used in the model included the National Hydrography Data Set and the
National Wetlands Inventory.

The National Hydrography Data Set (NHD) was usexptesent hydrology. A subset of streams and water
02RASAaI gKAOK NBLINBaSyda LSNBYyAlLftsS AYGSNXYAGOSY(x
set was used to determine the location of lakes, ponds, swamps, and marshes (wetlands).

At http://www.fws.gov/wetlands/index.htm] the US Fish and Wildlife Service have posted the National
Wetlands Inventory (NWI). This is a comprehensive data set covering the entire United States that
explicitly mas wetland areas. This data set was used in two ways. The first way was to establish a wetland
riparian footprint. The second way was to provide value information about the condition of the wetland
riparian area. The NWI contains five categories: mamstuarine, riverine, lacustrine, and palustrine.

To avoid overlap with the wetland areas already identified, the only system used from the NWI is
palustrine.

After selecting the correct features from the NHD and NaVbuffer was usedo create the rigrian
footprint. Buffering these spatial featurest approximately 150 feet created footprints for perennial
streams and wetlands. Seasonal watercourse extent was created basedaot Boiffers. Development

of a rating of impact foriparian areasvasthen done by initially considering water quality and quantity

as measured by erosion potential, annual average precipitation and slope. In addition, ecological
significance was included as measured by LANDFIRE vegetation classification to depiajuadiytaind
susceptibility to fire.

The model creates values impacted categories that range from 1 to 3 representing increasing importance
of the riparian area as well as sensitivity to fiedated impacts on the suite of ecosystem services. A
Value Impacted Category 3 generally represemipsrian areas with conifer, hardwood, or riparian
vegetation on steeper slopes, erodible soils and areas of higher annual rainfall. A Value Impacted
Category 1 generally represents riparian areas with exotic or grass vegetation types, on flatterislopes
areas of low annual rainfallThe following map presents an example of the riparian areas data layer.
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Figure9. Example of Riparian Assets.

Riparian Assets

-~
B e 1 Lowest
3 Importance
2 Moderate
W Importance
Wet ¢
Reiser Mountain 3 Highest
Prairie Valley Importance
Vilm
g Cittle
% Baldy - & 7
WMoluntain
A Wet
Mountain
Valley
>
tt od.
Bre
LibertySri s i 2 Black
. | Mountain
Lake Cjoymm— =)
UN
Denver
° ST
. Esti, HERE, Garmin} FAO,
Hooper #t ey U
Esfi, HERE, Garmin, SafeGraphMET/NASA USQs s 1ens UsGSs

Shargsdale Cha

Watershed Protection Areas

I 2t 2NF R2Qa T2 NBaud S RvatérloieSidehts 1B Rther Safes andMerdo,@rid prowtle
the biological diversity needed for a future that is balanced both socially and ecologically. Current and
expected future conditions, including persistent droughts and uncharacteristic wildfiezg and will
continue to negatively impact forest health and the source water and habitat these forests provide. Water
is an increasingly limited resource in Western states. Therefore, practicing forest management to improve
forest health is critical toq@tecting and enhancing this preciotssource. Wildfire remains a substantial

risk to the health of our watersheds.

This layer identifiegriority areas where opportunities exist to improve, maintain and protect the
watersheds to maintain water qualitynd quantity. Understanding the risk associated with each
watershed is key to supporting forest management planning and activity initiatives.

Water in Colorado predominately comes from higlevation forested watersheds that are facing an ever
increasing theat from wildfire and anthropogenic pressure. When wildfires occur, there is a high
likelihood of impaired water quality (excess Nitrogen, Carbon and Phosphorous), high sediment loads,
increased stream temperatures, and suspended ash particles to trarntspeither the water intakes or a
water storagereservoir This can have a detrimental effect on aquatic habitat and fisheries. Determining
which upland watersheds have the highest likelihood from a sediment export and water quality
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perspective, can giveater providers and land managers an opportunity to understand the benefit of fuel
treatments verses expected increases in sediment and water quality degrad@tienfollowing figure

shows the Colorado watershed protection areas used on the 202®/R@ this watershed modelvas

developed at the HUC?2 scaleand incorporated raw data from the Colorado Department of Public Health

FYR 9Y@BANRYYSyYyGQa {2 dzZNDBis feplaceS Bdd enahdes tBeipkefiglis WSRE 3 NJ
Forest to Faucets data used on tB812 and 2017 G®@/RA projects, consistent with the most recent

Colorado Forest Action Plaf.

Figure10. Example ofColoradoWatershed ProtectiorAreas.
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2Pplease visit the Colorado Forest Action Plan application on the CFA site at
https://fap2020.coloradoforestatlas.org/#/
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4. FIRE BEHAVIOR MODELING

This section describes the fibehavior modeling methods and results from the 2022\@RA.

4.1 Overview of Processing Methods

Fire behavior modeling is a critical task that derives the primary fire behavior outputs used for calculation
of risk outputs. The modeling leverages the investitnmade by the CSFS in the calibration of accurate
surface fuels, canopy data asélection of valueat-risk The main purpose of thimskis to assess the
potential fire behavior in Colorado using both static and dynamic fire simulation approaches.

The fire modeling tasks were completed usibgS OKy 2 4 &8 f @I Q&8 (WRA)sEtaeNBFA,! v I f & &
Ramirez et al, 2011§ WFA is a software that provides reahe analysis of wildfire behavior and

simulates the spread of wildfires. WFA embodiethermel (872)equations with enhanced processing

methods to simulate fire behavior. The software also utilid@ethermel, 1991; Van Wagner, 1977)

methods to propagate crown fire modelinBothermel (1983gquationsare alsoused to estimate the

dead fuel moistureThe fire behavior processing steps are shown in Fidureincluding input data

collation and processing and the estimation of fire behavior outputs used to derive the fire risk.

13 Please visivww.WildfireAnalyst.confor more information.
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Figurell. Fire behavior processing steps.
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4.2 Input Data

Fuels and Landscape Data

An up-to-date surface fuel dataset at 2fheter (m) resolutionwasdevelopedfor this project, based on
Scott and Burgan (2005) fuel modeénhanced witlcustom fuels created byechnosylvaThe custom
fuels distinguish thisassessmenfrom previous ones péormed in Coloradaas theyallow a better
characteriation of fire behavior across the landscape. Additionally, the urban and road custom fuel
models included ithe assessmenrdre keyfor better characterimgthe exposure, vulnerability and risk

of both buildings and population in the Wildland Urban Interfd@¢U). This also allows for better
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modelingof fire encroachment in urban areas considering the building density, community structure and
fuels surrounding théuildings andurban areas.

The following custom fuelwere includedin order to improve the fire mdeling in timber,WUl and
agricultural areas

w Timber: 2 new categories (171 and 191)

w Urban: 7 new categories (911,912,913,914,915,916 and 919)

w Roads: 5 new categories (941,942,943,944 and 949)

w Agriculture: 4 new categories (931,932,938 and 939)

w Water: 3 nev categories (981,982 and 989)

Additionally, we also considered canopy fdatato better simulate crown fire behavior. This includes:
w canopy bulk density (CBD),
w canopy base height (CBH),
w canopy cover (CC) and
w canopy height (CH).

The updated fuel datasealso considered the effects oftural disturbances on vegetation (fires, insect
and disease, and harvesting/fuel treatmenttat occurredin Colorado from 2013 to 2022. More
information about the methods used can be found in ®8FS 2022 Fuels Mappitigal Report!

Weather Data

Weather data (1972022) from gridMET was used #malyzepotential weather scenarios in which
assessing firbehaviorand spread. gridMET is a dataset of daily fsghtial resolution (~km, 1/24th
degree) surface meteorolédgpl data covering the contiguolsS. Air temperature data at 2m, relative
humidity at 2m and wind speed and direction at 10were all downloaded and used

After computing the weather percentiles of trgridMETvariables,data was interpolated using IDW
algorithms (Inverse Distance Weighting) 28-meter pixel resolution (see examples for temperature and
air relative humidity.

Figurel2. Interpolated 2mair relative humidity at 20 m pixel resolution (%) from gridMET weather data for the
extreme weather scenario (3rd percentile) in a 4@ar period (9792022.

14 Colorado Fuel#apping Final Report TechnosylvaJune 2@2. Available from theColorado State Forest
Service.

2 NCEP Reanalysis data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USAwiebnsithedt
https://www.esrl.noaa.gov/psd/

15 https://www.climatologylab.org/gridmet.html
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Dead fuel moisture content was estimated using the model of Rothermel and Rinehart (1988). Bo
temperature and air relative humidity at 2m from gridM&@&s used to defin¢éhe fuel moisture model.

The model also considered elevation and aspect to take into account the accumulated solar radiation at
14h (local time). 1% and 2#ere addedo the 1h-dead fuel moisture content to estimate 10h and 100h
dead fuel moisture content, respectively.

For the first time in CAOVRA risk assessments, both herbaceous and woody live fuel moisture content was
Y2RSt t SR dza Ay goprietdnOrodelsdbased? brndptical imagery, drought indices and
phenology. The models were trained with the WFAS Natitiveffuel moisture contentFoliar moisture
content in the canopies was considered as a constant value (80%) across the entité state.

Figurel3. Interpolated 2mtemperature at 30 m pixel resolution (°C) from gridMET weather data for the extreme
weather scenario (97th percentile) in a 4fear period (9792022).

¢ SOKyz2aetf gl Qa LINPLINARSGFNEB [Ca FyR 5Ca Y2RSta | NB
electric utility customers. The models have been calibrated across the Western Ueopast four years and
validated in daily fire behavior and risiecastingproduction.
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Wind speed at 1én (Figureld) was estimated at 20 ft applying a wind adjustment factor to usé 20nd
speed in the fire spread and behavior equations. Afemd, wind speed percentiles were computed to
usethesedata in the FB analysis 20-meter pixel resolution. Wind directiorof Colorado was analyzed
for a40-year period (199-2022) considering the calculated wind speed percentiles figndMETdata.
Predominant wind direction is from SW to NE, especially when wind dpéwegh or very high.
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Figurel4. Interpolated 10m wind speed (mi/h) at 20 m pixel resolution (%) from gridMET weather data for the
extreme weather scenario (97th percentile) in a 4@ar period (9792022.
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4.3 Historical Fire Occurrence

Historical fire occurrencevas used s an input variable to produce the Burn Probability output as well as
analysing FB output&ire Occurrence is an ignition density that represents the likelihood of a wildfire
starting based on historical ignition patterr@ccurrence is derived by modediistoric wildfire ignition
locations to create an ignition density maistoric fire report datavere used to create the ignition

points for all Colorado fireI.heseincluded both federal and noefederal fire ignition locations.

Federaland nonfederd wildfire ignitions data for Colorado were compiled for the period 12920. The
primary sourcefor these datawas the dataset compiled by the USFS Fire Sciences Laboratory (Karen
Short). Wildfire ignitions are spatially referenced by latitude and londé coordinatesNote that fire
ignition data is underreported in many rural areas of the state, where the responsibility lies with local
jurisdictions. Reference infocan be found athttps://www.fs.usda.gov/rds/archive/catalog/REZ13
0009.6

A 20meter ignitiondensity gridwas derived using a Kernel function from the combined federal and non
federal point ignition data. Figure15 shows the spatiatistribution of the total number offires for
Colorado Figure 16 shows the occurrence density map derived from the point ignition data.
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Figurel5. Historical ignitions for 1992 2020.
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Figurel6. Fireoccurrence density for 19922020.
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4.4 Fire BehavioModelling

A static fire simulation approach was used to model potential maximum fire behavior (FB) in terms of rate
of spread (ROS), flame length (Fikglineintensity (FLI) anBlire Typdsurface passivetorching oractive)

at 20m pixel resolution for thentire stateunder an extreme weather scenario (percentile 97thjeas

of nonburnable fuels were excluded from the analysis.

{GFGAO FTANB o0SKIF@GA2N) 2dzii Lidzia ¢ SNEB a &dftwatedzsing th& R dzd A
following input datasets:

Elevation

Slope

Aspect

Temperature and Relative humidity to derive 1h dead fuel moisture content

Live and fuel moisture contentlh, 10h, 100h, herbaceous, woody, foliar moisture in the
canopies)

Wind speed and direction

7. Fuels (surface and canopy characteristics).

Al A

o

Fire behavior outputs were calculated with true floatipgint values for the 28neter cell resolution
dataset. Howver, standard classes are used to depict the data for viewing and response function
modeling in CAVRA.Please refer toAppendix Bfor a description of all data layers including the
classification used for disp) of data.

The following three figures present examples of the Flame Length, Fire Type (Canopy Fire Potential), and
Rate of Spread faColorado

Figurel?. Statewide map ofFlame Length.
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Figurel8. Statewide map of Fire Type
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4.5Burn Probability

A dynamic fire simulation approach was used to estimate annual burn probability (BP), and conditional
flame length (CFL) for th&tateat 20m pixel resolution. The BP output represents the probability that a
fire will burn a giver20mecell in a year. Howey, it does not represent the fire recurrence due to fiees

fires arenot independent andhey alsomodify fuels across the landscap#ildfire analyst considered six
standard fire intensity levels (FILs) in terms of flame length to calculate flaméhlengpabilities and
conditional flame length:

W FLPO (ft)
FLP1 (21t)
ALP2 (46ft)
ALP3 (e3ft)
FLP4 (82ft)
FLP5 (>12 ft).

€ e g ¢ge¢g

The FLP layers represent the probability distribution among the FILs given that several (n) fires burned
that pixel. The FLP hees at a pixel sum to 1. Conditional wildfire intensity is the average intensity of the

n simulated wildfires that burned the pixel; it considers the input data variability (especially, weather data)
on fire behavior and incorporates the effects of relatspread direction (heading, flanking, backing, etc.).

As expected, the number of times that the fires burned each cell was different and the variable provides
an average wildfire intensity for the n fires that reached each cell. Particularly, we assessgiibnal

flame length (CFL) as an estimator of the mean flame length (FL) of the n iterations that burned the pixel
based on the equation of Scott et al (2013) as the guwoduct of FLPs and flame length across all of the
FILs.

The annual BP was calatdd as the number of times that a cell resulted burned and the number of
iterations used to run the models. The annual BP was estimated faritie Stateby using a stochastic
(Monte Carlo) wildfire simulation approach, which simulated more than Jomifires with a mean
ignition density of 10 fires/km2. The ignition points were spatially distributed by considering the historical
fire occurrence for Colorado (192020) through a density map created by a Kernel function. Note that
after simulating althe fires, some cells were not burned by any simulated fire, resulting in a BP value of
zero. Some cells were ndournable due to the associated fuel type (water, roagihan, agricultural

I NBFasz SiO0d0d 1 2SOSNE ¢S &My ERe (@St €2 68MI Gt 0K
did not reach.

Note that the ignition pattern we used considered the historical fire occurrefgain,ignitions in rural

areas are underreported, and this does impact the conditional burn probability m&délanements

were also undertaken in our fuel family to ensure the encroachment and spread of fire simulations across
natural firebreaks, such as roads. The following figure presents the Burn Probability map for Colorado.
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Figure20. Burn Probability for Colorado.
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Analysis of the Burn Probability inifdyon Juniper feas

Special consideration was provided to areas of Pinyon Juniper across the State leveraging the local
knowledge and expertise of CSFS sidfe expected ROSRinya JuniperPJ areas is generally low and,
subsequently, the BP is expected to have low values. This is reflected in our outputs since the fire spread
on these areas is usually difficult. This fact does not mean that a large wildfire could not occureHowev
extreme weather conditions (dry fuels and very high wind speeds) are needed to boost fire behavior and
spread.

An analysis othe fire history in this ecosysterwas also conductedThe results showed numerous
ignitions in PJ areas in the 199020 peiod as shown in the following figures but most of the fires were
very small (less than dae). This represents the difficulty of fires to spread in PJ areas as all FB outputs
showed for the whole Colorado.
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Figure21l. Fuelmodels (purple is TL3, PJ areas), burn probability and fire activity from 1992 to 2020 in a region of
Colorado.
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Figure22. Burn Probability and fire activity from 1992 to 2020 overlaid for a small area in Colodelnonstrates
the alignment of fire size with BP.
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Quality Assurance of Fire Behavior Outputs

A considerable effort was undertaken by project team staff in reviewing and quality assuring the accuracy
of the fire behavior outputs. The 2022 @ZRAinvolved a change in surface fuels data in addition to
weather data, resulting in enhancements to the accuracy and quality of the key input datasets. This

resulted in differences compared to the 2017-B@®RA fire behavior outputs. CSFS staff were instruaien

in reviewing the fuels and resulting fire behavior outputs, including reviewing and validating data with
local area staff across the State to obtain local knowledge and expertise. In addition, federal agency staff

were involved in the review of the dat

To ensure these results were accurate and realistic, a number of testing protocols were implemented.
These included visual inspection using imagery data, use of fire behavior calculators, field inspection,

subject matter expert review, and comparisomadysis with 2017 outputs.
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5. RISK OUTPUT CALCULATI®ONI DEVELOPMENT

This section provides a description of the technical approach used to calculate the risk outputs.
5.1 Description ofthe Response Functiollethods

Overview of Response Functions

The primary underpinning of theCOWRAA & 0 &SR 2 WBAKBYy @A ST&fFOlA 2y 4¢ ¢
Functions are a method of assigning a rating of net change to a resource value or asset based on
susceptibility to fire intensity. These impacts can be negatieositive. For the€CGWRAonly adverse

effects are being considered at this time, although tegponse methods approadtas been designed to
accommodate positive effects in the future if desired.

Calculating risk at a given location requires spatiallynéef estimates of the likelihood and intensity of
fire integrated with the identifiedesource/asset valueThis interaction is quantified through the use of
response functionshat estimate expected benefits and losses to values/assets at the specified fi
intensities. The measure of fire intensity used in @@WRAIis Flame Length. Specific classes of Flame
Length have been defined that reflect key thresholds for damage from wildfire to the resource values.

For theCOWRA response functions are defiddor each category of the resource value inputs, for each
given flame length category. Flame length categories were defined by the fire erpettie CONRA
team andreflect key thresholds for rating impacts. Positive response funciiotisate a benefit or
increase in value to the resource; negative response function values indicate a loss in resource value.

The COWRAresponse functioause a value range of +9 8. This 1 to 9 range is typical for suitability
modeling and provides eonsistency withother natural resource mdeling methods. With this scale, a
value of 0 represents no measurable impattthe leashegativeimpact, ramping to a3 where the worst
possible impact or loss occurs. An examipkponse function value matifor the WUI resource value is
presented irthe followingtable.

This WUI example assumes that the higher the flame length the worse the impact on people and their
homes. This could also be interpreted as the higher the value the more susceptibldftewifreas with

high population/structure density would result in more people/homes impacted while areas with low
density would result in less people/homes impacted. The user defined response function-tatinied]

would only be applied to areas whethe WUI and Flame Length overlap and both occur in the same area.
Areas that do not hava Flame LengthraVUI valueare not assigned RFvalue.Note that standard flame
length classes are used based on commonly understanges where impacts may dift
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Table6. Example RF Value Assignmeits WUI

Wildland Urban
Interface
(housing density

LT1 1 house/ 1 house/ | 1 house/
house | 40-20 ac 10-5ac | 5-2ac
/40 ac

0-2 ft -0.5 -0.8 -1.0 -1.4 -1.7 -2.0 2.0
£ 2-4 ft -1.0 -1.6 -2.0 -2.8 -3.4 -4.0 -4.0
S | 46ft | -125 | -2.0 2.5 35 | -4.25 5.0 5.0
% -1.75 -2.8 -3.5 -4.9 -5.95 -7.0 -7.0
. 20 | 32 | 40 | 56 | 68 | -80 9.0
-2.25 -3.6 -4.5 -6.3 -7.65 9.0 9.0

Using the response function matrices, @Gé&of flame length and the resource value (WUI in the example
above) can be combined to derive an output that reflects those areas where the least or most
impact/susceptibility exists.The following figurepresents an example response function value (RFV)
output using the matrix shown in the table example for WUI.

The map on the left shows the WUI areas presented as housing density. The map in the center is the
Flame Length. The map on the tighthe RF output that represents an overlay of the two inputs with

the RF values in the table above applied to each €aik is referred to as WUI Ridkote that these
examples are presented with an urban encroachment algorithm that incorporatesomarable WUI

areas for urban fringe areas.
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Figure23. Response Function example showing Wildland Urban Interface, Flame Length and WUI Risk Index output.

Flame Length

WUI Risk
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