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Abstract

In an effort to collect boundaries of Firewise Comm unities/USA® participants in
Colorado for academic and professionalresearch, fire prevention efforts of
homeowner'sinsurance policy holders, and community-level risk planning, an
instructionaldocumentfor Google Maps Engine to self-define was developed. Ten
‘testcommunities"were asked to participate, with a 60% response rate. From
these responses, no initial problems or difficulties were noted. One boundary was
used to model fire behavior in ArcMap, utilizing Spatial Analystfor fuel mitigation
and the Wildland Fire AssessmentTool plugin to run behavior models with raster
outputs. In conclusion,when Firewise communitiesworked in conjunction
surrounding private and public land, the resulting fire risk was reduced at a greater
rate versus the community working alone.
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Project Definition

The increased density of homes and outbuildings intermingled with forests,
shrubs, and grasslands (fuels typically ignited by lightning, not structure fires) has
led to an increasing risk of these homes burning during wildland fire. Of the 2.3
billion total land acres®of the United States, 600 million acres are classified as the
Wildland/Urban Interface, with 393 million acres developed and 220 million acres
declared by a state forester to be ‘high-risk’. Looking back at development rates
from 1990 - 2012, thereis an average of 2 million acres per year being converted
from wildland toa WUI, a rate of three acres per minute (ICCH 2008, CodeSmart
2013). As of July 2013, there were 46 million homes located in the Wildland/Urban
Interface, with 1.2 million of the homes in the highest wildfire risk states (California,
Colorado, and Texas) and worth more than $189 billion (Botts, etal. 2013,
CodeSmart2013).

While the number of fires per year has been on a slight downward trend, the
size of those fires has increased rapidly in both acreage and duration (NIFC 2014),
attributed to an increase of average temperatures (EPA 2013), tree mortality (Man
2012), and drought conditions (USDM 2014), along with the cost of suppression
increasing every year (NIFC 2014). The 10-year average number of fires occurring
hetween 1990 and 1999 was 78,587 with an average 2.9 million yearly acres
burned. When compared to the 10-year average numberof fires between 2000
and 2009, the number decreased very slightly to 78,549 (-0.048% ), yet an average
of 6.9 million acres were burned per year (+138.6% ). The costto suppress these

large fires, recently referred to as ‘megafires’ (ER12012, Hudack, et al. 2011), has

Y1 squaremile = 640 acres
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also had a marked increase, with a 10-yearaverage costhbetween 1990 and 1999
of $453 million per year,compared to a 2000 - 2009 10-year average costof $1.4
billion per year (+213.4% )*(NIFC 2014). With only four years into the next
decade group completed, the numbers are seemingly following the upward trend

(Figure 1,Figure 2).
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Figure 1: 10-year Number and Size Summary of FEDERAL fires 1970 - 2013
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Figure 2: 10-year Cost Summary for FEDERAL fires 1985 - 2013

; Figuresbased on total yearly numberprovided by the National Interagency Fire Center
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The Wildland/Urban Interface (WUI), is defined as "the area where houses
meetor intermingle with undeveloped wildland vegetation”, “more specifically as
lands with more than one housing unitper 40 acres where wildlands dominate the
landscape (referred to as intermix); and land with higher housing densities that are
adjacent to naturalareas (referred to as interface)” (Radeloff, et al. 2005).
Structure®loss for the ten-year period between 2000 and 2009 has averaged 2,990

structures per year (CodeSmart 2013),a2 220.8% increase from the 1990's (Figure

3).
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Figure 3: Average Structure Loss 1960 - 2013

Yet, there is light in the dark smoke. The promotion of the ‘fire-adapted

community’, “a knowledgeable and engaged community in which the awareness

and actions of residents regarding infrastructure, buildings, landscaping, and the
surrounding ecosystem, lessen the need for extensive protection actions” by
governmentagencies “and enables the community to safely accept fire as a part of

the surrounding landscape,” which can reduce the costand effort of suppression

“Structures’include residences,outbuildings, and commercial buildings.
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(Menakis, etal. 2013). Studies suggest thatwhen mitigation occursonly in the
WUI, the risk of an Active Crowning fire (a fire with the ability to move through the
crowns of trees) is reduced by 6% . In comparison, when mitigation occurs in both
the WUl and adjacent public lands, the resulting Active Crown fire risk is reduced
by 30% (ERI 2012).

Firewise Communities/USA®
Programs such as the National Fire Protection Association’s (NFPA) Firewise
Communities/USA® have worked to increase homeownereducation regarding living
in a fire-adapted landscape, focusing on neighborhood involvementto reduce the
risk of property damage and loss when wildfire strikes. Each individual com munity
is required to complete a five-step process to gain recognition as a Firewise
community.
1. Obtain a wildfire risk assessmentas a written document from their state
forestry agency or fire department.
2. Form a board or committee, and create an action plan based on the
assessment.
3. Conducta “Firewise Day” event.

4. Investa minimum of $2 per capita in local Firewise actions for the year.
5. Submitan application to their state Firewise liaison. (NFPA 2014)

The application requires a representative from the applying community to use a
third-party website to find the latitude and longitude of “an address near the center
of the community” (Firewise 2014)(Figure 4). This sim plified version of com m unity
location, in addition to the fact thata community may be only a portion of a larger,
administratively defined city, has led to a rather expected confusion of the exact

boundaries of many Firewise Com munities.
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Figure 4: Firewise Community Points

There isnorecommended methods of selecting a point to bestrepresent the
community. In many cases,the point provided on the Firewise application is simply
the latitude/longitude of the representative’s home address when the community
initially applied for recognition. In some cases, the pointis expected to representa
larger area, such as the Genesee Community at 3.5 square miles, and in other
cases, the point canrepresenta very smallarea, such a Valley Hi Estates at 0.3
square miles (Figure 5).

Understanding the location of the Firewise Communities/USA® within the
WUI is vitalin order to move forward in the planning of mitigation of both private
and public lands. In December 2013, Hylton Haynes,CF, Associate Project
Manager of the NFPA Wildland Fire Operations Division, contacted the Colorado
State Forest Service regarding the collection of more detailed spatial data of the
Firewise Communities within the State of Colorado. The NFPA has severalgoals

regarding the collection of this data:
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1. Providing the collected spatial data from Colorado and other states for
academic and professional research purposes

2. Providing the data to insurance companies for internaluse such as
determining active prevention actions on the part of their policy holders as
wellas for use with internal spatial models

3. Use with NFPA models to explore loss risk analysis as it relates to
communities which participate in the Firewise Communities/USA® and those
which do not

4. To establish a method of self-defining communities for future participants in
the Firewise program.

Collected Boundary and Firewise Application Provided Point

Windcliff - Area: 0.45 Square Miles Copyright 8BS ESr | |Eons Canyon Ranch - Ares: 2.4 S cuare Miks Copyright® 2014 Eeri

Valley Hi Estates - Area: 0.3 Squsre Mies Copyright® 2018 Esrl | |y deriand - Area: 1.6 Squars Miles Copyright® 2014 Eri

Vista de Oro - Area: 2.01 Square Miles Copyright BRI | | consca . Aton: 3 5 Sqitara Miles Clpyright 018 Exri

Figure 5: PointProvided on Application and Recently Collected Boundary

The Colorado State Forest Service and this capstone project are developing a
method of community self-definition in order to collect the requested data. The

goal of this capstone is to develop a defensible, repeatable, accurate method of
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community definition for use in modeling wildfire risk with and without adjacent
public land mitigation for a selectnumberof communities.

This capstone project is being developed in conjunction with the Colorado State
Forest Service and Pete Barry, GIS Coordinator, CSFS.

Project Foundations

“Fire spreads as a continually propagating process,notas a moving mass. Unlike a
flash flood or an avalanche where a mass engulfs objects in its path, fire spreads
hecause the locations along the path meet the requirements for combustion.”

Jack P. Cohen, 1999,

Natural Fire Rotation

Understanding the naturalfire rotation (the patterned occurrence of fire for a
landscape based upon a yearly pattern of weather, fuel moisture, and ignition
sources) is key in understanding expected fire behavior and location. Millions of
years of fire and plant adaptations have led to ‘fire-adapted landscapes’, landscapes
where fire has become a necessary tool to clearout old plant materials, add
nutrients to the soil, and assist some species in the regeneration process. “Fire-
adapted ecosystemsand species are found in every region of the United States,
from the ponderosa pine forests of the Northwestand the Rocky Mountain West, to
the Southwest's chaparral, the Midwest's tall grass prairies, the pine barrens of New

Jersey,and the South'slongleaf pine forests” (Menakis, etal. 2013).

Yet, recent patterns of increased temperatures, increased tree mortality and
resulting accumulation of fuels, and long-lasting droughts have created a pattern of
increased fire size and duration, recently referred to as ‘megafires’ (ER12012,
Hudack, et al. 2011). While the natural fire rotation of the landscape remains

approximately the same, the increase of fire contribution factors, in addition to
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rapid, continuous development of the WUI, has driven up notonly the fire danger
rating for the surrounding landscape, but the fire danger rating for individual
communities (Hudack, et al. 2011).

National Fire Danger Rating System

Fire danger is defined as “the resultant descriptor of the combination of both
constantand variable factors which affect the initiation, spread and difficulty of
control of wildfires on an area” (Deeming, etal. 1972). With the constant factor of
topography, the daily variable factors are type of fuel, ignition, risk, and weather.
Risk is the likelihood of combustion based upon a combination of fuel availability,
fueltype and location, difficulty to control fire after ignition (the Burn Index or BI),
fire behavior, topography, and weather.

Fire danger is then expressed as a rating, as defined by the National Fire

Danger Rating System (Appendix A). The “fire danger rating is a system that

integrates the effects of existing and expected states of selected fire danger factors
into one or more qualitative or numeric indices that reflect an area’s protection
needs” (Schlobohm and Brain 2002). Fire danger ratings are used to express the
danger across severalsizes of landscape, from thousands of acres protected by one
agency,to a smallersize, suchas a single Firewise community. With a requirement
for each community to obtain a wildfire risk assessment, the professional providing
the assessmentwill use a fire danger rating as a part of the report.

The EffectofDrought, Climate Change, Bark Beetles on Forests and
Communities

Several factors contribute to determining fuel moisture and availability, or
how ready a fuelis to burn. Extended drought, as has been seen in the western

United States in the last several years, in addition to rising tem peratures, insect
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and disease outhreaks, increased wildfire severity, invasive species, and changes in
land-use, has dramatically increased the quantity of dead and dying fuel sources
available to burn (Williams, et al. 2010). Conifer trees show response to drought
stress with an isohydric physiological response by closing the stomates to reduce
water loss through transpiration, which in turn leads to a reduction in
photosynthesis and carbon assimilation. These reductions cause carbon starvation
and finally death (Williams, etal. 2010, Bentz,etal. 2010). A lack of carbon
assimilation also reduces the amount of available carbohydrates within the tree,
which are necessary for growth, repair, and defense through increased pitch and
repellant chemicals. In this condition, the tree is less likely to fend off a bark beetle
colonization, which brings with it an array of damage-causing agents (such as fungi,
hacteria, nematodes, and mites), thus increasing tree mortality on the stand and
landscape level (Bentz, et al. 2010, Williams, etal. 2010).

According to the CongressionalResearch Service in the 2014 report Drought
in the United States: Causes and Issues for Congress, “drought conditions are
broadly grouped into five categories: (D0) abnormally dry, (D1) moderate, (D2)
severe, (D3) extreme, and (D4) exceptional.” (Folger and Cody 2014). While
droughtis a naturally occurring climate phenomenon,since 2000, the United States
has seenno less than 6.5% and up to 55% of the land area experiencing at least
moderate drought conditions. The weekly average of the land area experiencing at
least moderate intensity is 26% (Folger and Cody 2014).

Extreme drought affects a portion of the country every year; since 2000
these extreme conditions have been recorded for 6.4% of the landmass, while

exceptional conditions have affected 1.4% of the nation. Between June and
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October of 2011 (the general time period of fire season), exceptional drought

occurredin greater than 9% of the nation. While some recovery was seen through
2012 in the Southeastern United States, the centralcontinentsaw a persistent 6%
of exceptional conditions through the winter and into the spring (Figure 1) (Folger

and Cody 2014).
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Figure 6. Drought Condition Comparison - Western United States

In addition to widespread drought, findings in the Fifth AssessmentReportof
the IntergovernmentalPanelon Climate Change show statistical certainty in the
rise of Global Mean Surface Temperature since the late 19™ century, finding each of

the last three decades successively warmerand the first decade of the 21° century

as the warmest.
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Global averaged combined land and ocean surface temperature data as
calculated by a linear trend show a warming of 0.85 [0.65 to 1.06] °C, over
the period 1880 and 2012 (Hartmann, et al. 2013).

Native to the western states, insects such as the Mountain Pine Beetle
(Dendroctonus ponderosae), Spruce Beetle (Dendroctonus rufipennis), Western
Bark Beetles (various species), and the Western Spruce Budword (Choristoneura
occidentalis) are an integral part in assisting change and species resilience in
coniferous forests. By introducing stress into the environment, plant and tree
species are forced to adapt or die, strengthening the existing species or replacing
the stand with another. However, studies show a positive correlation between
increased temperatures in the western United States and increased population
numbers of the bark beetle, thus an overall increase of tree mortality (Bentz, et al.
2010, Man 2012).

Native to southern British Colum bia, portions of Alberta, and most of the
Western United States, Mountain Pine Beetle (MPB) outhbreaks have occurred since
2000 throughout large portions of this region. Affecting 2.4 million acres, 52% of
all insectand disease caused tree mortality in the United States, the Mountain Pine
Beetle is bheing found in a broader breadth than historically recorded, including
high-elevation white bark pine, Pinus albicaulis Engelm ., previously unaffected due
to temperatures too low to supportthe insect(Bentz,etal. 2010, Man 2012).

Crown Fires and Fuel Treatments

Large-scale mortality, drought stress, increased temperature, insectand
disease infestation, previous catastrophic fires, and years of aggressive suppression
has left an unnaturalbuildup of fuels historically cleared by frequent, low intensity

fires (Hudack, etal. 2011,Man 2012). Extensive beetle kill throughout mature
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stands create more easily combustible conditions versus stands with intensive fuel
mitigation or younger stands with less mortality (Omiand Kalabokidis 1988).

Crown fires are defined as fires thatare propagated by and through the
canopies of trees. Initialcombustion can be a result of a surface fire moving up
ladder fuels into the canopy or through an ignition source within the canopy. This
kind of fire can existindependently orin conjunction with surface fire and will burn
until continuous fuel sourcesare exhausted. Large-scale, wind driven crown fires
release embers, or firebrands, capable of traveling more than a mile and igniting a
new fire and are near impossible to control via traditional suppression techniques
and (Keller and DeVecchio 2012, NFPA, USFS,DOI2008).

A review of fuels treatment types following megafires in Idaho during the
2007 fire season produced severalpoints. First, it was determined that overstory
fuels were most affected by mechanicaltreatments thatreduced the amountof fuel
in the canopy in conjunction with treatment to remove the amountofsurface fuels
versus treatments that only removed one or the other fuel type. Second, fuel
treatments that were repeated in regular intervals in a landscape were more
successfulin the long term than areas that were only treated once. Third,
collaborative efforts of Firewise Communities/USA® and public agencies through
education and fuel treatments created better-prepared lands. Fourth, carefully
prioritized locations of treatments in regards to topography yielded less intense fire
behavior. Fifth, fuel treatments are designed to change fire behavior in favor of
suppression efforts in contrastto a goal of stopping fire all together. Sixth, grazing
is aviable method of fuels treatments in areas dominated by flammable grasses

and smallshrubs (Hudack, et al. 2011).
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Fire in the Wildland Urban Interface

An examination of the structure loss and damage statistics during the 2007
Witch and Guejito fires in The Trails development north of San Diego looked at
reason of ignition and effectiveness of defense by firefighters. Seventy-four of the
245 structures that fell inside the fire's perimeter were destroyed and 16 were
damaged. Results showed 15 of the 16 damaged homes were defended and it was
concluded thatall 15 would have heen categorized as a loss without defense.
Uninterrupted fuels between the wildland and structures or between structures
resulted in 19 losses, while fuel too close to a structure resulted in 35 losses. The
remaining 20 structures were categorized under ember-caused fire. Structures
were destroyed during a nine-hour period, with a maximum of 29 burning at the
same time (Maranghides and Mell 2009). In contrast, during a severe WUI fire
situation resulting from the 1993 Laguna Hills fire in Southern California, nearly all
of the 366 lost structuresignited and burned in a five-hour period (Cohen and
Butler 1998).

Understanding the connection between wildland fire and structure ignition is
important in bhoth the efforts of the homeowner before a fire and the fire manager
after ignition. Modeling, observation, and experimentation suggestthat structures
are not likely to ignite without a flaming front or firebrands falling on fuels within 40
meters (132 feet). Often, firebrands from neighboring structures or directcontact
with flames emitted from a structure on fire is the reason for another structure to
ignite (J.D. Cohen, Reducing the Wildland Fire Threatto Homes: Where and How
Much? 1999).

In his 2000 article, Cohen concluded “the WUI fire loss problem can be

defined as a home ignitibility issue largely independent of wildland fuels
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managementissues” (J. D. Cohen, Preventing Disaster 2000), suggesting
protecting one’'s home from fire is found on the community level, such as
recommendations from the National Fire Protection Association (NFPA, USFS,DOI
2008) and participating in programs such as Firewise Communities/USA® .

Following the 2011 Wallow Fire, which burned 538,000 acres in Arizona and
New Mexico, existing fuel treatments that were burned over were examined for
effectiveness. Burning through Pinyon and Juniper woodlands, Ponderosa Pine, and
high elevation mixed conifers, fire behavior was uncharacteristiccompared to
historic data, with 30% of the fire burning ata high levelof severity. There were
four conclusions of the study: 1. Fuelreduction treatments were effective at
reducing fire behavior, 2. Large-scale treatments would have bigger impacts on
reducing crown fire behavior, 3. WUIl-only treatments resulted in an unchanged fire
behavior in regards to crowning potential, and 4. National assessments,such as fire
risk and housing density, can benefit from flexibility in recommendations versus a
‘one size fits all’ method.

Looking at several studies of home survivaland ignition rates, it can be
concluded private and public land fuel mitigation are not exchangeable, but in fact
complementeach other.

Modeling Fire Behavior

In order to understand how fire may behave and where mitigation efforts
should be focused in this interface between public and private lands, modeling is
key to observing results without putting actual fire on the ground. Itis important
to note “a modelis a simplification or approxim ation of reality and hence willnot
reflect all of reality (Burnham and Anderson 2002)”" meaning it creates a “decision

support tool, not a tool that makes decisions (Stratton 2006)". However, many
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plans require or can benefit from spatial modeling, such as wildfire risk situational
analysis, hazard and risk assessment,and Community Wildfire Protection Plans
(CWPP), arequirementofthe Firewise Application.

There are various fire modeling tools, some work inside the ArcGIS suite of
software, such as the Wildland Fire AssessmentTool (WFAT (Hamilton 2012)) and
ArcFuels (Ager, Vaillant and Finney 2011), some have ArcGRID or internalmapping
outputs, such as FlamMap (M. A. Finney 2006) and the Fire Area Simulator
(FARSITE (M. Finney 2004)), while others have a strictly numericoutput such as
FireFamilyPlus ( Rocky Mountain Research Station Fire Sciences Laboratory and
Systems for EnvironmentalManagement 2002) and BehavePlus (Andrews 2007),
yetall are based upon established algorithms which predict fire behavior and
growth (such as rate of spread or flame length (Rothermel 1972) and possible wind
driven distance of firebrands and spot fires (Albini 1979)). Many work in
conjunction with each other, such as FlamMap and WindNinja (Forthofer and Butler
2007) or WindWizard (Butler, et al. 2006), using the outputs of one model as the
inputinto theirown. This method has created variability and expansion bhetween
models without having to com pletely copy existing programming within.

In order to create a spatial output, fire models utilize input data from several
sources to find the weather, existing fuel loading, canopy cover, and canopy bulk
density, to name a few. These inputs are collected on a regular basis and are
available for free public download from several sites.

Forweather, currentand historic data can be collected from Remote
Automated Weather Stations (RAWS). These stations are located throughoutthe

United States and when selecting one for an inputto WindNinja or WindW izard, it is
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important to choose a station close to your study site with a similar elevation and
topographic features (Stratton 2006).

To acquire landscape level files for analysis, the Landscape Fire and Resource
ManagementPlanning Tool (LANDFIRE) project was created to assistin the
collection of mapped data for use with strategic resource managementintitives,
such as the Healthy Forest Act, the National Fire Plan, and Com munity Wildfire
Protection Plans (DOI1 2014). The LANDFIRE Data Access Tool (LFDAT) is a plugin
for ArcGI1S to access the data inside your project.

With careful consideration of inputs and outputs in wildland fire behavior
models, these models can provide pointed insight to anticipated behavior and fuel
consumption, allowing for informed planning of fire mitigation projects on both the
community and public land levels.

The National Fire Plan and 10-year Comprehensive Strategy

Following an extremely severe wildfire season in 2000, then-President Clinton
asked the Secretaries of the Interior and Agriculture to write a report reflecting on
the nation’s ability to respond to future wildfire seasonsbased on severity. The
resulting report, with collaboration on reports on planned agency strategies,
created the National Fire Plan. “The plan outlines how the country will develop an
integrated response to severe wildfires to ensure sufficient firefighting resources for
the future, restore ecosystemsdamaged by fires, rebuild communities and
economies, and reduce the risk of future fire through the treatment of hazardous
fuels” (PIC 2002). The report was included in the Administration’'s 2001 budget
request, and was granted $2.9 billion to be shared between the US Department of
Agriculture and the US Department of the Interior. Along with the appropriations,

Congressincluded directions for use of the funds, emphasizing the use for wildland
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fire emergency managementand forest restoration efforts in the Wildland Urban
Interface.

The bill specifically gave the ForestService and Bureau of Land Management

authority to enter into procurementcontracts, grants, and cooperative

agreements with localnon-profits, Youth Conservation Corps, or small
disadvantaged businessesin order to carry out hazardous fuels reduction
activities on federal lands and provide training and monitoring associated

with those activities. (PIC 2002)

The National Fire Plan assisted the US ForestService with a decided shift
away from suppression only to a more comprehensive ecosystemsmanagement
direction adopted with the 1995 Federal Wildland Fire Management Policy. With
this shift and the National Fire Plan, agencies were able to focus on the reduction of
hazardous fuels in the WUI in cooperation with communities and private
landowners; reduce risk in ecosystems with a high fire danger rating to protect
these and nearby low risk areas; and increase the number of contracts available to
private sector services to carry out these hazardous fuel reduction projects (PIC
2002).

In efforts to appropriately distribute funds, Congress directed the Secretaries
to work with state governors and other stakeholders to create and implement
strategies for success. The result was the 10-Year Comprehensive Strategy - A
Collaborative Approach for Reducing Wildland Fire Risks to Communities and the
Environment, an initiative with four goals:

1. Reduce risk to communities and the environmentfrom wildland fires for the

long-term .

2. Promote a collaborative, community-based approach to address wildland fire

issues thatrecognizes the importance of making key decisions atthe local
level.

3. Support the primary goals of the National Fire Plan: improve prevention and
suppression, reduce hazardous fuels, restore fire-adapted ecosystems, and
promote community assistance.

4. Hold the core guiding principles of collaboration, priority setting, and
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accountahbility. (DOI, USDA, Western Govenors' Association 2002)

The first goal of the 10-year Comprehensive Strategy, Improve Prevention
and Suppression, focuses on increasing public safety and firefighter readiness as
wellas prevention through education. The plan outlines goals of increasing
community education through the expansion of programs such as the Firewise
Community Recognition Program and developing strategies to reduce wildfire
danger public lands adjacent to the WUI.

The second goal, Reduce Hazardous Fuels, focuses on the reduction of fuels
in high risk areas, with priority for areas in the WUI, incorporating public health
considerations when creating mitigation plans, controlling activities on m itigated
public lands to retain resilience of treatments, and ensuring local ecosystems are a
consideration of fuel mitigation plans.

The third goal, Restore Fire Adapted Systems, includes guidelines for the use
of rehabilitation, restoration, using science and information, and monitoring in the
decision making process. By using the mostrecentscience available, as well as
promoting continued research, areas should be rehabilitated and restored using
ecosystem appropriate species and reducing invasives. These methods should be
followed up with appropriate monitoring to assure the efforts remain on course.

The fourth and last goal of the Strategy, Promote Community Assistance,
promotes mitigation with community involvementthrough increasing local capacity,
using local sourceswhenever possible to accom plish hazardous fuelaccumulations
and ecosystems rehabilitation work; incentive programs, promoting better fire
prevention in communities using technicalassistance and cost-sharing incentives;

and proper hiomass utilization, ensuring small diameter woody material produced
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by fuel mitigation projects is re-used in biomass electrical plants, pulp and paper
making processes, and composite structuralbuilding materials (DOI, USDA,
Western Govenors'Association 2002).

Approach

This project consists of two parts: perimeter collection and fire behavior
analysis based upon adjacency of fuels on public lands, each with their own
approach.

Firewise Community/USA® Delineation

The community delineation portion of the project will begin with a letter

written and approved by the Colorado State Forest Service (Appendix C) and a set

of instructions explaining how to use Google Maps Engine GIS software to delineate
the boundary of their community. For the scope of this project, ten of the ninety-
two communities are being hand selected as ‘testcommunities’in order to refine
collection methods before distributing documents to the remaining Firewise
Communities/USA® in the state of Colorado. Google Maps Engine was chosen for
the ease of use fora non-GIS person and itis a free-to-access wehsite withoutany
download or plugin requirements.

Additional help will be available for Firewise representatives through email
and phone with the Colorado State Forest Service, as well as accesstoa YouTuhe
video consisting of a screen recording walking usersthrough the steps of the
instructionaldocument (http://youtu.be/kI3AvwB1QuY).

Following the user-drawn community perimeter, the representative will
‘Share’the map with the Colorado State ForestService,who will have access to the
completed maps. This access will allow for working with the representatives to

assure the quality and correctness of the resulting map. Maps willthen be exported



23 |M UHA

as a Google Earth KML file, which can be imported into ArcGIS using the
Conversion: KML to Layer tool. Once layers are imported into ArcGIS, fuel

m itigation and behavior tools can be run to analyze the Firewise community and
surrounding areas.

Fire Behavior

Study Area and Data
The study area consistsofa 2,395 square mile area in Southern

Colorado, nearthe border of New Mexico. The perimeter of the Vista de Oro
community, as defined by the Firewise Community representative, is the focus of
the fuels reduction treatments. Points representing four other Firewise
Communities/lUSA®, were collected on the initial application for com m unity

recognition.
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To determine the area to mitigate the fuels on the landscape for comparison,

four layers were created. The first was the

Figure 7: Study Area - Vista de Oro
Community Near Durango,CO.

Figure 8: Example of LANDFIRE Data. polygon of Vista de Oro, as defined by the

representative. The second was a five mile buffer of Vista de Oro, clipped to
privately owned lands. The third used the currentpointcollection method, and set
an arbitrary buffer of five miles around the five points in this layer. The fourth

layer was the five mile buffer of Vista de Oro, representing the public and private
lands working together to reduce fuels. Data
used in this examination included fire ignition points, the collected Firewise

boundary of one community, topographic layers including elevation, slope, and
aspect, severallayers to determine fire behavior, and Augustclimate layers for
average maximum temperature and average precipitation. Fire behavior layers
included: Scottand Burgen 40 FuelModels (Scottand Burgen, 2001), canopy cover,
canopy height, canopy base height, canopy bulk density, and fire effects fuel model.
Non-spatial data utilized in behavior modeling consisted of average fuel moisture
figures for a very dry region, foliar moisture of 100% (noting ‘normal conditions for
the season), 20-foot winds set to 25 MPH uphill, interior west region, summer

season, and the Scott/Reinhardt (2001) crown ignition model.
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To model fire behavior, the Wildland Fire AssessmentTool 2.4 (WFAT), an

ArcGIS third-party toolbar, designed and maintained by The National Interagency

A Fuels Technology Transfer (NIFTT) at the
University of Idaho (The National
Interagency Fuels Technology Transfer
(NIFTT) 2014) was used utilizing layers

collected with another third-party ArcGIS

toolbar, the LANDFIRE Data Access Tool

IR iesrr]
[ EIEY N

. _ (LDAT) (Landscape Fire and Resource
Figure 9: Example of WFAT Outputlayer.
ManagementPlanning Tools (LANDFIRE)2014). “The LDAT tool utilized the spatial
coordinates within ArcGIS (via a box drawn by the user) to access the LANDFIRE
database and returns layers selected by the usein ZIP form. LDAT can then

decompress and prepare the data for use with ArcGIS (LANDFIRE 2011)

The Wildland Fire AssessmentTool (WFAT) is a custom ArcMap toolbar that
provides an interface bhetween ArcGIS desktop software, FlamMap4
algorithms (Finney 2006), First Order Fire Effects Model (FOFEM) algorithm s
(Reinhardt 2003), and FuelCalc (Reinhardtand others 2006) algorithms to
produce predicted fire behavior, fire effects, and post - fire fuels map layers.
(Wildland Fire Management R&D 2014)
For the creation of this model, the tool outputs of Fireline Intensity
(measured in British Thermal Units/ft?/sec) and Flame length (measured in feet)
were used in conjunction with slope, aspect, and vegetation type to interpolate a

risk layer for the study area. Output risk was classified according to the National

Fire Danger Rating System .
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Climate layers were downloaded from WORLDCLIM, a free source of
worldwide average monthly climate data in ArcGRID form (Hijmans, etal. 2005).

Average maximum temperature and

average monthly precipitation layers from
Augustfor the region (Tile 12) were
utilized in this model.

A fire ignition history layer was

obtained from the US Forest Service'’s

Research Data Archive. “This data product

[ Foc e o + =

contains a spatial database of wildfires Figure 10: Weighted WeatherLayer.

that occurred in the United States from 1992 to 2011, generated for the national
Fire Program Analysis (FPA) system” (Short2013). Ignition points for both human
and lightning caused fires between 1992 and 2011 within the study area was
derived from this layer.

Additional layers were derived or interpolated through severaltools within
the ArcGIS suite of software.

Analysis

An initial examination of the basic structure and statistics of the fire ignition data
was performed to rule out a statistical possibility of completely random event data,

which would have ended the analysis.

Average Nearest Neighbor By Month
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The average nearestneighbor tool is an exam ination of the location of the
inputs to determine the likelihood the events are random, clustered, or dispersed.

By examining the distance of points in relation to each other as compared to the

Bearest Neighbor Ratio: 0671991
Z-seore: -10.424695 m
prvalue: 0.000000

P —— Eriical Valow Nearest Neighbor Ratio: 0.750584
(pvabe) (rrwses) 2z-score: -21.821340 B
o0l <238
bos 358195 p-value: 0.000000
-1.96 - -1.65
-1.63 - 163
163 - 1.96

Significance Level Critical Value.
(p-value) (z-score)
0.01 <-258
0.05 258 --1.96
010 196 - -1.65
1.65-1.65
1.65-1.96

0.10
0.05
0.01

N significant

156 -2.58
»2.38

1.96-2.58
>2.58

pnoooen

—

i‘%

|
|

[ Clustered Random Dispersed

Given the 7-score of -10.42, there (s a less than 1% Meebhood that this dustered pattern could Given the z-score of -21.82, there is a less than 1% likelihood that this clustered pattern could
be the result of random chance. be the result of random chance.

Figure 12: Human Caused Fire Ignitions Figure 12: Lightning Caused Ignition Points

distance of an arbitrarily assigned event, the location of the score lies on a
histogram to determine the likelihood a series of events is the result of com plete
random chance. The histogram ranges from clustered to random , with the Z-Score
ranging from -2.58 to +2.58, respectively. Z-Scores are recorded for the entire
data setand for each month of lightning strikes.

Human caused fires resulted in a Z-Score of -10.42 and lightning caused fires,
ascoreof-21.82. With both scores falling well below -2.58, itis extremely unlikely
the clustering is a resultof random events.

Kernelestimation of spatial density
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Kerneldensity, used to express density distribution of events, was used to
examine ignition points of both human and lightning caused fires. When a roads
layer was overlaid on top of the kernel density, the spatial pattern shows a favoring

of human caused ignitions nearroads and lightning caused ignitions in more remote

| Kernel Density over Roads bl Kernel Density over Roads
A Human Caused Ignition Points A

= i 5 e HIGHINAYS_C!
HISHWAYS/Chp Lighting Caused Ignition Points CHIAYS W

MAJOR_ROADS_GIlp —— MAJOR_ROADS_Clip

LOCAL_ROADS_Clip2 LOCAL_ROADS_Ciip2

[ I studyarea [ Iswayarea

0 5 10 20 3(!”“» 0_5 10 20 D
Figure 14: Human Caused Fire Ignition Points Figure 14: Lightning Caused Fire Ignition Points
areas.
Topography

Slope and aspectlayers were created using Spatial Analyst: Slope (in
percent) and Aspectfrom the Digital Elevation Model (DEM) layer collected with the
LANDFIRE tool. Both of these layers were utilized by the WFAT tool to determine
fireline intensity and flame length by means of established equations (Rotherm el
Fire Spread Model, 1972).

Fuels Reduction Mitigation

Spatial Analyst: Raster Calculator was utilized to reduce the fuel on
the landscape for the four projected areas. Canopy bulk density, canopy height,
canopy base height, and canopy density were all ‘thinned’ back to Firewise

standards prior to running fire behavior analysis tools (Appendix D).
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Fire Behavior Analysis

Using an adaptation of Deeming et al, 1977, the document “Understanding
the National Fire Danger Rating System” (Schlobohm and Brain 2002) created a
cross-reference table to equate flame length and fireline intensity as they relate to
wildland fire behavior, breaking fire behavior into six categories (Table 1).

Utilizing the raster layers collected with the LANDFIRE Data Collection Tool,
the Wildland Fire AssessmentTool (WFAT) was used to create the above outputs.
Using the table and the Spatial Analyst: Reclassify tool, the resulting fireline
intensity and flame length layers were reclassified to match the table, numbered 1
- 6. Once the layers were reclassified, Spatial Analyst: Weighted Overlay was used
with a 50/50 weight spilt to create a new layer titled ‘Landscape Risk based upon
Deeming Index’.

Climate Layer Analysis

Probability of fire ignition is based upon severalfactors, heavily weighted upon fuel
type, fuel moisture, and duff moisture. Fueland duff moisture are most affected by
precipitation and maximum temperature (Latham and Schliter 1989). While WFAT
can sometimes interpolate this data with the given inputs plus information on wind,
weather, and known moisture levels, this method is better suited for a small period
of time, such as 3 to 5 days, notlong-term, generalized landscape analysis.To act

as asurrogate for fuel and duff moisture data, a weighted weather layer was
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Table 1:Burn Index/Fire Behavior Cross Reference (Deeming etal, 1987)

Potential Fireline .
(BBT)m_ llngdfgs Flame Intensity (F?elsckla\gg.lfe)s Narrative Com ments
Length (feet) (BTUs/ft2/sec) "y
Most prescribed burns are conducted
0-30 0-3 0-55 1 in this range
Generally represent the limit of
30 -40 3 -4 55 - 110 2 control for direct attack methods.
40 - 60 46 110 - 280 3 Machine methods usually necessary
or indirect attack should be used.
The prospects for direct control by
60 - 80 6 -8 280 - 520 4 any means are poor above this
intensity
The heat load on people within 30
80 - 90 8-9 520 - 670 5 feet of the fire is dangerous.
Above this intensity, spotting, fire
90 -110+ 9+ 670 - 1050+ 6 whirls, and crowning should be

expected.
created. Both precipitation and average maximum temperature were ramped with
25 classes, followed by Spatial Analyst: Reclassify to assign a rating of 1 - 5°,
Weather data was combined using Spatial Analyst: Weighted Overlay for the month
of August, assigning 70% to precipitation and 30% to average maximum
temperature, reflecting the generalconstant of temperature for each month from
year to year and the variable amountofrainfall (Peninsula Ecosystem Management
Class 2012), creating a new layer titled ‘Weighted Weather''.

Fire Ignition Risk

To examine the relationship between landscape and weather factors, the final
layers created were the “Fire Risk - [Treatment Type]. For the initial model,
‘Landscape Risk’was assigned 60% weight and ‘Weighted Weather'was assigned

40% . This was based upon landscape being an independent factor and

! Precipitation wasrated 5to Lin Spatial Analyst: Reclassify, showing less precipitation asmorehazardous, while average
maximum temperature was rated 1 to 5, showinghighertemperaturesasmore hazardous.

Simply put,burnindex isarating describing the difficulty of controlling fire postignition based upon severalinputs. Burn
index wasnotused inthismodel.
f Risk Value based uponFire DangerRating System andnotpartofDeemingetal 1973
! Priorto the creation of the Weighted Weatherlayer, a Spatial Analyst:Extractby Mask wasusedtoremovetheurbanand
developed areasfrom the precipitation andaveragemaximum temperaturelayers. When analysiswas done with these areasleft
in, themodelshowed theurbanand developed areasasa fire risk, throwing the restofthe modeloff.
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temperature/precipitation being the ‘feeder factor’, meaning fire behavioris highly
hased upon the landscape and fueled by weather.

Project Solution
Firewise Community/USA® Delineation

Contactwas made with ten communities, six of whom were eager to
participate in the project. All six representatives accomplished the task without
noted trouble in a timely manner. The resulting KML files were imported into
ArcGIS as layer files and corrected where inconstancies had occurred such as lines
which were too long or did notclose the polygon.

Optional feedback was requested from the community representatives;
however,none was provided.

Fire Behavior

Fuel mitigation within and surrounding the Firewise Community improved fire
hehavior, fire effects, National Fire Danger Rating Risk, and fire type. Fire behavior
factors examined included flame length, rate of spread, fireline intensity, maximum
spotting distance, and pre-burn canopy load. Fire effects factors included post-burn
canopy load, total post-burn load (including trees, shrubs, forbs, and grasses),
consumedcanopy load, and total consumed load. Allfactors were expressed in
percentchange from the baseline fire behavior modeling. All factors, either
behavior or effects, had no change or a reduction. Inno case did fire behavior or
effects rise to a more dangerous level for the landscape.

Comparing specific numbers, when mitigation occurred only inside the
boundaries of the Firewise Community, the behavior changed none to very little
across all behavior and effect factors, while the treatmentarea when the

surrounding private and public lands worked together with Firewise community had
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the greatest improvementover the entire area. Figure 15 and 16 show the average

0.00% e — . — l
-20.00% l I I I I
-40.00%

-60.00%

-80.00%
-100.00%
-120.00% o . ) .
Firewise . Five M ile Buffer Public and
Private Land . . . .
Boundary of Firewise Point Private
Eflame Length -0.95% -31.86% -27.76% -43.85%
mRateofSpread -0.36% -11.89% -3.11% -15.17%
= Fireline Intensity -1.06% -35.92% -33.45% -50.23%
BMax Spotting Distance -3.88% -71.64% -75.22% -99.45%
BPreburn Canopy Fuel Load 2.4 4% -69.51% -74.39% -100.00%

Figure 16: AVERAGE FireBehaviorPercentChange from Baseline Values

0.00% —— . . l
-20.00% I I
-40.00%
-60.00%

-80.00%
-100.00%
-120.00% X X i X .
Firewise private Land Five Mile Buffer Public and
Boundary of Firewise Point Private
mPostburn Canopy Load 0.00% -66.67% -75.00% -100.00%
mTotal Postburn Load 0.00% -22.22% -26.39% -33.33%
mConsumed Canopy Load -2.56% -71.79% -74.36% -100.00%
mTotal Consumed Load -0.46% -12.84% -13.30% -17.89%

Figure 15: AVERAGE Fire Effects Percent Change from Baseline Values

percentchange in each factor.
Each treatmentarea shows a reduction in active crown fire (23.25% baseline

to 2.95% for public and private lands combined) and an increase in passive crown
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fire (12.89% baseline to 34.47% for public/private lands) from the baseline values.
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25%
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10 %

5% I

0% -

Five Mile Buffer

Baseline Firew ise Private Land of Firewise PUb!IC and

Boundary Point Private

BSurface Fire 24.75% 24 .70% 24 .04% 22.88% 23.47%
WPassive Crown Fire 12.89% 13.42% 28.55% 29.26% 34 .47%
BActive Crown Fire 23.25% 22.77% 8.30% 8.75% 2.95%

Figure 17: FireType

Surface fire held more or less constantatapproximately 24% through each
treatmentarea.

National Fire Danger within the study area on the baseline map shows a large
amountof Very High Risk (44.55% , Orange), which reduces across all treatment
areas. There is little change in the Low Risk (Green) and a trend of Moderate

(Blue) and High (Yellow) risk increasing when Very High reduces (Schlobohm and
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] 3.98% 3.97% 6.24% 7.22% 6.81%
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Figure 18: National Fire Danger Rating
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Brain 2002). A constantof24.94% exists across the study area of non-burnable
land - classified as urban, snow/ice, agricultural fields in unburnable condition, open
water, and bare ground (Scottand Burgan June 2005).

Discussion and Recommendations

Firewise Community/USA® Delineation

The six participants completed and ‘Shared'their maps in a very timely
manner with no stated problems. With no feedback or questions about the
document, it can be surmised that the instructionaldocument was sufficient in its
contentto accomplish the task being asked. Widespread distribution of the
instructionaldocumentin order to collect boundaries from the remaining eighty-six
Firewise Communities in Colorado will resultin a more definitive answeron the

quality of the instructionaldocument.

According to the Colorado State Forest Service head office, some districts
have inquired about a method of self-definition for landowners (separate from
Firewise Communities) for the purpose of forestry planning as it pertains to wildfire,
tree planting and removal, and wildlife habitat. The instructionaldocument
produced by this capstone could potentially transfer over, with minor alterations, to

other purposes.

The NFAP hasrequested the successand sethacks of the boundary collection
method in Colorado with possible intent of adopting it into the Firewise application
process. Following the assessmentof widespread collection, the results and
instructionaldocumentwill be provided to the NFPA. Ifthe larger collection efforts

mirror the success of the test group, both with 60% response utilizing the Google
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Maps Engine method and response enthusiasm and time, itis setting up to be a

very successfulmethod of data collection.

Fire Behavior

For this examination, the randomly selected five mile buffer of the point
provided by a Firewise representative on the initial application worked well with the
m itigation efforts. However, when the pointis expected to representall Firewise
communities,which can vary greatly in size, the random choice for a five mile
buffer may be much too smalland not encompass the entire community or the
other extreme, where a five mile buffer is an area much too large for the
community or may overlap areas not suitable for mitigation. Using the exact
perimeter of the Firewise community when modeling fire behavior versus simply
buffering the points provided allow for a more accurate representation of mitigation
across the landscape, especially when executing large scale mitigation for several
communities across a very large landscape.

Treatment within the study area reduced risk to a level of fire type more
acceptable for areas within a WUl environment. All treatments areas had a
reduction in active crown fire to passive crown fire. Within the context of the WFAT
fire behavior modeling tool, passive crown fire is defined as “low wind speed, low
canopy bulk density and cover, high canopy base height” and active crown fire is
defined as “higher wind speed, high canopy bulk density and cover, low canopy
base height” (Wildland Fire Management R&D 2014).

The change of fire type across the landscape is a reflection of the changes in
fire behavior combined with fuels mitigation. The reduction of active crown fire is

desirable across the entire landscape, but specifically near structures and cultural
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sites. Active crown fire is extremely difficult to impossible for firefighters to control
or extinguish, thus bringing the fire out of the canopy and increasing the amountof
surface fire and passive crown fire types allow for methods of control to be effective.
Overall, treatmentled to the reduction of danger in regards to fire behavior
factors and fire type when the Firewise Community extended the mitigation into
surrounding private land. However, a greater reduction of risk occurred when these
privately owned land worked with the public lands which not only surround, but are
intermixed in the private lands. While this was only a modelof a possible
combination of mitigation areas, Firewise communities could benefit from the
results when requesting funding for use within their community and surrounding
privately owned areas to coincide with existing fuels mitigation plans on public

lands.
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Appendix A

NationalFire DangerRating System

Fire Danger

Rating and
Color Code

Description

Low (L) -
Green

Fuelsdo not ignite readily from small firebrands although a more intense
heat source, such as lightning, may start fires in duff or punky wood. Fires
inopen cured grasslands may burn freely a few hours after rain, but
woods fires spread slowly by creeping or smoldering, and burn in irregular
fingers. There is little danger of spotting.

Moderate (M)
- Blue

Fires can start from mostaccidentalcauses, but with the exception of
lightning fires in some areas, the number of startsis generally low. Fires in
open cured grasslands willburn briskly and spread rapidly on windy days.
Timber fires spread slowly to moderately fast. The average fire is of
moderate intensity, although heavy concentrations of fuel, especially
draped fuel, may burn hot.

Short distance spotting may occur, butisnotpersistent. Fires are not
likely to hecome serious and controlis relatively easy.

High (H) -
Yellow

All fine dead fuels ignite readily and fires starteasily from most causes.
Unattended brush and campfires are likely to escape. Fires spread rapidly
and short distance spotting iscommon. High intensity burning may
develop on slopes orin concentrationsof fine fuels. Fires may become
serious and theircontroldifficultunlessthey are attacked successfully
while small.

Very High
(VH) - Orange

Fires start easily from all causes and, immediately afterignition, spread
rapidly and increase quickly in intensity. Spot fires are a constantdanger.
Fires burning in light fuels may quickly develop high intensity
characteristicssuch as long distance spotting and fire whirlwinds when
they burn into heavier fuels.

Extreme (E) -
Red

Fires start quickly, spread furiously,and burn intensely. All fires are
potentially serious.Developmentinto high intensity burning willusually be
fasterand occur from smaller fires than in the very high fire danger class.
Direct attack is rarely possible and may be dangerous exceptimmediately
afterignition. Fires thatdevelop headway in heavy slash or in conifer
stands may bhe unmanageable while the extreme burning condition lasts.
Under these conditions the only effective and safe controlactionis on the
flanks untilthe weatherchanges or the fuelsupply lessens.
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Adjusted Loss

Rank Name Loss in Year Fire Occurred in 2012 Dollars
Oakland Fire Storm

1 (wildland/urban interface)

Oakland, California $1.5 billion $2.5 billion
October 1991
The Southern California Firestorm *

2 San Diego County, California . .
October 2007 $1.8 billion $2.0 billion
"Cerro Grande" Wildland Fire

3 (wildland/urban interface)

Los Alamos, New Mexico $1.0 billion $1.3 billion
May 2000
"Cedar" Wildland Fire

4 Julian, California . .
October 2003 $1.1 billion $1.3 billion
"Old" Wildland Fire

5 San Bernardino, California - .
October 2003 $975 million $1.2 billion
Southern California Wildfires of Novem ber*

6 Sacramento, CA . .
November 2008 $800 million $853 million
"Laguna Beach Fire"

7 (wildland/urban interface)

Orange County, California $528 million $838 million
October 1993
Wildland Fire*

8 Florida - .
May-June, 1998 $395 million $555 million
Forest Fire

9 Cloguet, Minnesota . .
October 1918 $35 million $532 million
"Paint Fire" Goletta

10 Wildland/Urban Interface
Santa Barbara, California $237 million $416 million

June 1990

PAs reported by the National Fire Protection Association (NFPA 2013)
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Letter to Firewise Communities/USA®

May8,2014 COIO
Address FOREST

City, State, Zip SERVICE

Colorado State University

5060 Campus Delivery

Fort Collins, CO 80523-5060

Dear <<NAME>>, (970) 491-6303
FAX: (970) 491-8645

[am writing to ask foryour helpin mapping the boundary of your Firewise Community. The
CSFS isworking inpartnership with the National Fire Protection Association’s (NFPA) Firewise
Communities/USA® program to build a database with the boundariesof all the Firewise
Communitiesin Colorado.

The boundary informationwillhelp communitiesimprovecommunicationand safetyamong
residents. [tcan helpcommunities:
o provideamaptoresidentsof the Firewise Community;

o inform local fire departments;
o assistin planning future wildfire mitigationprojects;and

o provide information forgrantapplications.

Weneedyourhelptoprovidethe boundary information to the CSFS. Enclosed is a setof
instructions on how tocreatea map of your community. Please follow the stepsand email the
map to the address provided in the tutorial. The process should take 10-15 minutes. If you have
questionsorneed assistance inworking through thisprocess, do not hesitate to contactPete
Barry at (970)491-8408 or CSFS _Firewise@ colostate.edu.Ifpossible, please completethe map
by May 23,2014,

The datayou provideisnota legaldataand will be used foreducationand information purposes.
The datawillbe used by the CSFS, NFPA and otherentitieswho requestthe information, which
caninclude insurancecompanies.

The Colorado State Forest Service (CSFS) is excited thatyour community has maintained the
national Firewise Community/USA designation! The hard work yourcommunity hascontributed
ishelping to reduce wildfirerisk and improve safety inyour area.

Thank you foryour help with thisproject. This isanotherstep forward to improving safety and
reducing wildfirerisk in communitiesacrossColorado.

MichaelB. Lester
State Forester/Director
Colorado State Forest Service


mailto:CSFS_Firewise@colostate.edu
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Appendix D

Raster Calculator Inputs for Fuel Mitigation

Canopy Bulk Density Treatment

Step 1: (Arbitrary _CBD _Step_1) =

OutRas = Con(("Landfire\us_100cbd_1" >=11)& ("Existing Treatment\Rate of Spread
(m/min)">= 35) & ("Arbitrary 5 Mile Buffer\Buffer_And_Study Raster" ==
2),5,"Landfire\us_100chd_1")

Step 2: (Arbitrary _CBD _Step_2) =

OutRas = Con(("Arbitrary 5 Mile Buffer\Arbitrary CBD _Step_1" >= 21) & ("Existing
Treatment\Rate of Spread (m/min)">= 15) & ("Arbitrary 5 Mile
Buffer\Buffer_And_Study Raster" == 2),10,"Arbitrary 5 Mile
Buffer\Arbitrary CBD Step_1")

Step 3: (Arbitrary _CBD _Step_3) =

OQutRas = Con(("Arbitrary 5 Mile Buffer\Arbitrary_CBD _Step_2" >= 31) & ("Existing
Treatment\Rate of Spread (m/min)">= 10) & ("Arbitrary 5 Mile
Buffer\Buffer_And_Study_ Raster"==2),21,"Arbitrary 5 Mile
Buffer\Arbitrary CBD _Step_2")

Step 4: (Arbitrary _CBD _Step_4) =

OQutRas = Con(("Arbitrary 5 Mile Buffer\Arbitrary_CBD _Step_3" >= 41) & ("Existing
Treatment\Rate of Spread (m/min)">=5) & ("Arbitrary 5 Mile
Buffer\Buffer_And_Study_ Raster"==2),31,"Arbitrary 5 Mile
Buffer\Arbitrary CBD _Step_3")

Canopy Cover Treatment
Con(("Landfire\us_100cc_1">=36) & ("Arbitrary 5 Mile Buffer\Buffer_And_Study_Raster"
==2),35 "Landfire\us_100cc_1")

Canopy Base Height Treatment
Con(("Landfire\us_100cbh_1"< 3) & ("Arbitrary 5 Mile Buffer\Buffer_And_Study_ Raster"
== 2),3," Landfire\us_100chh_1")

Canopy HeightTreatment

OutRas=Con(("Landfire\us_100ch_1"> 25) & ("Arbitrary 5 Mile

Buffer\Arbitrary _CC"<=35)& ("Arbitrary 5 Mile Buffer\Buffer_And_Study_Raster" ==
2),25,"Landfire\us_100ch_1")

FuelBehavior Model Inputs
Wind Speed

25 MPH Uphill
Scott/Reinhardt (2001)Crown Model
Foliar Moisture

100%
FuelMoisture

DefaultVery Dry Conditions
Region

Interior West
Season

Summer
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Appendix E
Google Maps Engine Instructional Document

Delineating Firew ise
Communities/USA®

Colorado State Forest Service

Using Google Maps Engine, each Firewise Community will be able to self-define the
boundaries of theirown com m unity

A Colorado State ForestService projectin partnershipwith Firewise Communities/USA®

The mission of the Colorado State Forest Service is to achieve stewardship of Colorado’s diverse forest
environments for the benefitof presentand future generations.

ContactInformation:

Pete Barry
(970) 491-8408
CSFS.Firewise® Gmail.com

cqpraco CEHRCN

FOREST COMMUNITIES®

SERVICE
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Please note:the last few pages of thistutorialisa Troubleshooting Section.

Inordertodefine the boundaries of your community, you willneed a Google (or Gmail) account. Itis
necessary to create and save yourcommunity map. If you do nothave a Google account, we suggestusing
‘yourtown.Firewise@ gmail.com’.

1. Signinorcreateanaccount.
Go 3'\.‘

One account. All of Google.

Sign in to continue to Google Maps Engine

2. Pointyourbrowsertothe Google Maps Engine https://mapsengine.google.com/map/

3. Clickon ‘Createa new map’

®f Firefox File Edit View History Bookmarks Tools Window Help BHESE D 4+ O4 T [ 5%E Mon227PM Q =
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(4] & v imapengin oo comimap e =y o)) (8] %) [#] (2]
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Learn more
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Califors

Open a map
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) ; e
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https://mapsengine.google.com/map/
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4. Find yourtown by searching or panning and zooming
a. Panusingthe Pan Tool |
o Hold leftmouse buttonand drag map
b. Zoom with the Plus/M inus Zoom tool
o Hint:Themousewheelwillzoom inandoutaswell

c. Change the Base map by single clicking on the triangle facing down atthe bottom rightcornerof the
Table of Contentsand selecting a background from the resulting menu

. Town, CO
Untitled map ' My
., "'\--.nr—!u- e g,
= | ko v 4] v
1 :
Untitled layer N o <
h Impaort K 9
P\
Add places to this layer by drawing or 7 \ 7
importing data. Learn more
e

Base map Ty

¢

0 ' Nevada \ United States
i \ Colorado [ aneas

4 | s L T FE

Oklahoma |

R - ; Fi
B > Anizona New L
- 4 _-v.. S - [ e 1 1
L.‘—:._,_ D]eq;b——,{_j’\hiemk : Mexico Da‘_l‘las
Fia

San 0.
NS io” Houstd

Zoom Tool found in lower right-hand corner of screen

E ~__._.—\\ Texas

—
=Y
=
D
o
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[qp)
o
=
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D
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w

Figure 19. LocationofToolsNeededinGoogle MapsEngine
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You,asthe Firewise Committee Representative, know the perimeter of your community better then a non-
resident. To help us have the mostaccurate maps, when possible, draw along defined objects, such as streets,
railroad tracks, and bodiesof water. We understand thatsometimescommunitiesarenotdefined by these
existing boundaries. In thissituation, please mark the boundary as precisely as possible, as you know it. Ifyou
need help with any portion of this tutorial do nothesitate to contact us and we will be happy to assist you.

Here are some hintsto read before you begin drawing your perimeter.

Experiment with different backgrounds. They may tell a differentstory and help you draw the line with
moreease.(See Step 4-cand Figure 1)

[fyoumake amistake, keep clicking to draw. You caneditindividual points afteryou have completed your
polygon (Seethe Troubleshooting sections of this tutorial for details)

[fyouaccidentally double-click atany time and you cannot keep drawing, go ahead and save the line (as
shown below in Step 6), then right-click on the lastpointyou putdown, and select “Extend Line” from the
resulting menu. Thiswillallow you to keep drawing. W hen you reach the end of your perimeter, you will
need to double-click again to end, as the single-click to end will no longerwork.

|

Delete point

Extend line

W

5. Usethe ‘Draw aLine’ Tool L= to draw a line aroundyourcommunity

a. Selectthetoolby singleclicking onit. Yourcursorwillchangeto a crosshair.

b. Single-clickon any edge of yourcommunity. Thiswill leave one dot (point).

¢c. Continuesingle-clicking, drawing aline around your community
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d. Whenyoureachtheend of the perimeter (polygon), moveyourcursoroverthe firstpoint
youputdown. Youwill seethecursor‘snap’to the firstpointand yourcursorwillchange

from the crosshair [ to a single finger.

e. Single-click on the firstpointto close the polygon.

f. Filloutthe perimeter detailsinthe resulting pop-up box (See Step 6 formore detail)

6. Whenyouclicktoclosethe polygon (Step 5-e of this tutorial), abox willautomatically pop up, allowing

you tonameand provide a description of your polygon. Itwill also appearin yourmap’s Table of
Contents.

| E; Firefox File Edit View History Bookmarks Tools Window Help B9 E D ¢ O = B %ET Fri LSOPM Q =
808 Untitled map

)
P
Untitled map T+l

I
L | ) & hups:// google.com/map/edit?mid=2C4bxAY]b4GCk.kzKD7KNNTkPE

¢ | [~ [&][#][a] (-]

1 [
[ Search Images Maps Play YouTube News Gmail More -

£
y

e

) sarieane il m
Untitled map -
. Wid Lake

s |
Be | addisyer | Seved = hARAE] B

Untitled layer
i Wstyle Epata PALabels

b &F My Town, CO

|
Base map

My Town, CO X

Defining the boundary of My Town, €|

Google Maps Engine

m\|+
]

Map data D2014 Google _For non-commercial use

7. Click “Save’on the pop up.

o Ifyouhavemadeamistake orotherwise like to adjustthe boundary, see Troubleshooting for
detailson how to fix errors.

o Ifyourcommunity hasmorethenone part,you can draw the second (orthird or fourth.. ) part
by returning to Step 5 and completing the stepsagain.

8. Nameyourmap withyour Firewise Community name by single-clicking on ‘Untitled M ap’in the Table
of Contents.
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o Youmaygiveyourmapany details you think may help someone better know the location.
®f Firefox File Edit View History Bookmarks Tools Window Help B9 O ¢+ O T E 2% FriliSePM Q =
800 Untitled map s
J " Untitled map L+l
(’\t) & https://mapsengine.google.com/ map/editimid =2C4bxAYJb4Gk.kzKD7KNNEKPE c | 2] (8] [&] (2] [E-]

Edit map title and description

My Town, CO

‘You may put details here. Anything you
think someone that has not visited your
town may need to know to better map
your town

=

9. Whenyouarealldone with yourmap, click ‘Share’ in the upper-righthand corner,
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10. Share yourmap with CSFS.Firewise@ gmail.com. Thiswill allow the Colorado State ForestService to
accessyourmap. Thisaccessallowsustodownload the map intoour software,aswellashelpyou
make corrections or assistyou in the map-makingprocess.

Use the “Invite People:” box to send yourmap

Feelfreeto *Add Message’,asitadds to the body of the email senttothe Colorado State Forest
Service

Make sure ‘Can edit’ is selected to the rightof Invite people.Dropdown the options with the upside
down triangle and select *Can edit’ from the two options

You privacy isourhighestconcern.Your map and email will notbe used forany purpose otherthan
thisproject. If you are uncom fortable using your personalemail forthisproject,please consider
creating anew accountusing the formatyourtown.Firewise@ gmail.com.

Sharing settings

Link to share (only accessible by collaborators)

https://mapsengine.google.com/map/edit?mid=zC4bxAYJb4 Gk kjs-zsDxbD_Y

v & 5 W) 2

Who has access

g  Private - Only you can access Change...

Google User(you) user@ gmail.com Is owner

Invite people:
CSFS.Firewise@gmail.com

v Notify people via email - Add message

Only the owner can change the permissions. [Change]

Cancel

Emailorcallwith any questions, concerns,or problems!

Thank you so much foryourhelpand cooperation!
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CommonProblems When Making a Map with Google Maps Engine

Moving aPointto the Correct Location
Drag a pointputinthewrong place by holding the leftmouse buttonand dragging itinto the correctplace.

o Hint:Asyou drag pointsintothe correctspot,Google MapsEngine willautom atically add more
pointstohelp ‘round out’ your lines.

o Hint:You cansee which pointyou areediting by noting itturnsgrey and your mouse changes from
anopenhand [ Jtoasinglefingericon & when you hold yourcursorover the point.

Deleting Unwanted Points

Deleteunwanted points by right-clicking on each one and selecting Delete Point from the resultingmenu

|

‘ Delete point {b
Extend line

Imoved the whole perimeter! Do I have to startover?

[fyouaccidentally click and drag your entire polygon outof place, immediately press Control+ Z (Command +
ZonaMacintosh) to replace your polygon where itwas.
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Google MapsEngine: “You have exceeded your sharing quota.”

Butit'sabrand new account!! Thisissimply acacheerror,

1. Logoutofyournew account

—Google User Click upside down triangle next to your name
(upperright-hand corner)

7 Google User
user@ gmail.com

Account Privacy

View profile

Add account Sign out Click “Sign out’

2. Clearyourhrowser’scache

o Sincethereare somanybrowsersoutthere, hereisalink forthe US Departmentof Energy on how
to clearallthe majorbrowsers (Instead of listing all the directionshere!).

http://www.bnl.gov/itd/webapps/browsercache.asp

3. Pointyourbrowsertothe Google Maps Engine https://mapsengine.google.com/map/

4. Clickon “Openamap’

BESH 0 & Oa TE D Mt G

[ ion e e Mstory Wockenurks Tooks, . Wand_ ko
ano Mapt Lsgne

I* st el

- ____________________________________cldléisiisic]

g Maps Engine 500

5. Signintoyouraccount

6. Try sharing again


http://www.bnl.gov/itd/webapps/browsercache.asp
https://mapsengine.google.com/map/
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