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Introduction

The WatershedInvestment Tool (WIT) is a modular wildfire risk assessment and fuel
reduction prioritization system designedfor the Peaks to People WateFund (hereafter
Peaks to People). The coreinctions are aimed at quantifying wildfire risk to water
supplies and prioritizing the locations and type of fued reduction treatments to minimize
risk. It also includes assessment workflows to calculate performance metrics on the
modeled benefits of pasand planned fuel treatments. Thenodeled performance metrics
include several cebenefits of fuels reduction for source water protection like risk
mitigation to structures in the wildland urban interface, critical wildlife habitat, and
recreational assets among others. The combined capabilities allow for prograsevel
prioritization of fuels reduction work across large watersheds, accounting of implemented
project accomplishments, and evaluating the potential benefits of proposed projects.
Several of theintermediate spatial and tabularproducts also have utility for projectlevel
planning.

The core water supply and cebenefits risk assessments that underly the WIT are rooted in
established methods for wildfire risk assessment (Finney 2005; Scott et al023) that
conceive of risk as the product of fire likelihood and fire consequences. Fire consequences
are quantifiedin this framework using a combination of fire modeling to characterize the
intensity of disturbance with an effects assessment to translatére intensity into

ecological, social, or economioet value changeQuantifying risk therefore requires

modeling to characterize fire likelihood, fire behavior, and effects, which form the wildfire
risk triangle (Figure 1). Details on data sources and modeling methods used in our
assessmentsare provided later in the user guide

Resource Exposure and
Susceptibility
Figure 1: Wildfire risk triangle adapted from Scott et a(2013).

Throughout the user guideand associated WIT products, we make use of the terms
conditional and expectedhet value change Expected Net Value Change (eNVC) is a whole
actuarial measure of risk incorporating the probability of fire occurrence. Conitional Net
Value Change (cNVC) refers to the predicted change in value conditional(or given) fire



occurrence. We highlight both conditional and expected metrics in the WIT because there
are some locations on the landscape where models suggest firedliikood is low, but
consequences are highThese measures should be considered in tandem to understand the
relative contributions of likelihood and consequences to risk.

Unique lenefits of the WIT

Wildfire risk assessments oftermccount forwildfire ri sk to multiple highly valued resources
and asset§HVRAS) using relative measures of effects on a scale frefr©0 for total loss to
+100 for radical gain (Scott et al. 2013)Consistently valuing effects on a relative scale
facilitates combining the resuling measures of risk for each HVRA into a composite
measure of total risk based onomanagement priorities orsocialvalues(Scott et al. 2013).
This approach is weltsuited for the style of multiresource managementsed bypublic
agencies but a downsideof this approachis that relativized measures of risk do not clearly
communicaterisk in absolute terms such as the expected sediment delivery to a reservoir
and associated costsPeaks to People sought fahe WIT to measure risk in monetary
terms, as much as possible, to foster the view that proactive mitigation in watershed
management is a financial investment with transparent benefits and cost§he WIT takes a
detailed approach to quantifying wildfire risk to water supplies in monetary terms
motivated by earlier efforts in California Buckley et al. 2014; Elliot et al. 2016)Where
possible, the cebenefits of source water mitigation measures are also valued in dollars.

Use of wildfire risk assessments in lanénd watershed management is now commonplace,
but it is rare that these assessments go beyond characterizing baseline conditiongtan
efficient mitigation programs with analysis of fuel treatmenteffectiveness, opportunities,
and costs Risk mitigation is quantified in the WIT by modeling the primary effects of fuel
treatments on the input fuels data to the risk assessment and differencing prand post
treatment estimates of risk. This approach can be used to compare the effectiveness of
alternative treatment types (e.g., thinning versus prescribed fireand to understand how
treatment effectiveness differs across the landscape due to variation in biophysical
conditions. Major fuel treatment constraints are quantified with spatial models of fuel
treatment feasibility and cost.The WITcombines spatially explicit measures ofuel
treatment risk mitigation, feasibility, and costto optimize the location andtype of

treatment to minimize risk. At the large watershed scale, this is accomplished with a
technology called linear optimization to sort through the many location and treatment type
combinations. Intermediate products of the analysisz such as the estimated cost
effectiveness of risk reductionz convey similar information at a higher spatial resolution
for project level planningand evaluation

Assessing wildfire risk to water supplies and optimizing fuel treatment location and type
are data and model intensive processes. The remainder of theer guideis dedicated to
explaining the technical implemenation of these processes in th&VIT. Those interested in
only a science summary of the process are referred to Gannon et al. (2019).



WIT Modeling Workflow

The WIT is constructed in three modules to address the ordered tasks of assessing wildfire
risk to water supplies, planning an efficient mitigation program, anevaluating the
performance of completed or candidate projects.

Water Supply Risk Assessment

The WIT uses a linked model approach to quantifyildfire -water supply risk in terms of
expected sediment impact costs to water supplied-igure 2). This module also esmmates
post-treatment risk for any candidate fuel treatments Several of the intermediate products
are also made available for additional data viewing and analysis.

Process summary

Burn probability , modeled with the large fire simulator (FSim; Finney et al. 2011) by Short
et al. (2020),is used to characterize fire likelihood and how it varies across the watersheds.
Crown fire activity modeled with FlamMap 5.0 (Finney et al. 2015) is used as a praofor
burn severity by mapping surface, passive crown, and active crown fire to low, moderate,
and high severity, respectively. Postire hillslope erosion is then modeled with a
Geographiclnformation System (GIS)implementation (Theobald et al. 2010 of the Revised
Universal Soil Loss Equation (RUSLRgenard et al. 1997 by altering cover and soll
erodibility factors to reflect post-fire conditions (Larsen and MacDonald 200y An
empirical model of postfire hillslope sediment delivery ratio (Wagenbrenner and
Robichaud 2014 is used to predict how much of the eroded sediment is delivered to the
stream and a conceptual model of channel sediment delivery ratié(ickel et al. 1979,
adapted to the channel types in the watershedss used to predict the total £diment
delivery to the affected downstream water suppliesWater supply sediment exposure is
guantified in metric tons (or megagrams Mg]) and translated to a monetary valueof

impact with stakeholder defined sediment impact costs in USD per Mg of sedinteData
and modeling details are presented in Appendix I.
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Figure 2: The wildfirewater supply risk assessment uses modeled crown fire activity as a proxy for burn severity
to modify cover and soil variables in the Revised Undad Soil Loss Equation (RUSLE) to estimate piost

hillslope erosion, which is then routed off hillslopes and down channels to estimate sediment delivery to water
supplies. Sediment yield is then combined with stakeholdefined sediment impact costs tmeasure the

conditional impact costs of fire, which are combined with burn probability to calculate the expected sediment
impact costs.

The wildfire -water supply risk assessment is implemented in the WIT with a combination
of pre-processed and dynamiénputs designed to simplify the user experience and reduce
computing needs Several preprocessing steps are performed to generate a customized
watershed network for the sediment transport modeling.All the baseline (prefire) inputs
to RUSLE are prgrocessed using ArcGIS 10.ESRI 2015. SeeAppendix | for more
details. The dynamic inputs to the modeprovide the ability to add or remove water
supplies from the risk assessment and to modify their sediment impact costs.

User input



‘Water Supply Risk Assessment

This module configures the watershed network and then assesses wildfire risk to water supplies based on modeled wildfire
behavior, post-fire erosion, sediment transport, and water supply values.

Infrastructure Connections Sediment Costs

Run Risk Assessment _

The moderate resolution National Hydrography Dataset Plus watershed network
(NHDPIlus;USEPA and USGS 2012 used to represent the spatial topology between
upland sediment sources and downstream water supplies via theagonnectingoverland

and channel flav paths.Overland flow paths are represented with preprocessed terrain
analysis of a digital elevation model as described in Appendix I. The sediment contributed
from each of manycatchments Sub-watersheds) is routed through the flowline (channel)
network to any downstream water supplies as indicated ifrigure 3.
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Figure 3: Simplified example of the NHDPIlus network topology. The matchingluaient (i) and flowline (j)
indices are used to associate upland sediment sources with their corresponding connections to the stream
network. Water supplies, which we index in this exampli¢h k, are referenced to the appropriate flowline
endpoint in thenetwork.

The user can add or remove water supplies from the risk assessment by modifying the
infrastructure connections table (Table 1). This table specifies thame of the
infrastructure component and the associated flowlings) that best represent its
connectivity to the NHDPIlus watershed network. The flowline identifier (COMID) can be
identified by viewing the flowline feature class from the input geodatabase ia GIS.



Tablel: Example of the infrastructure connections table specifying the NHDPIlus flowline that each feature of
concern is connected t&hen appropriate, features can be represented by multiple flowlines (e.g. Cagdke).

Feature of Concern (FoC) COMID

BARNES DITCH 12808
BARNES MEADOW RES 2900901
BIG BEAVER RES 999000002
CARTER LAKE RES 13672
CARTER LAKE RES 13774
CHAMBERS LAKE RES 2900897
COMANCHE RES 2900919
DILLE TUNNEL 13544
DIXON CANON RES 999000004

EAST PORTAL RESERVOI 999000008

The user can also modify the sediment impact cas(USD per Mg of sedimentassigned to

the water supply infrastructure using the sediment costs tableTable 2). The pre-

configured values were developed in a collaborative process with input from the git

utilities of Fort Collins, Greeley, and Loveland and the Northern Water Conservancy District
(Northern Water). Representatives from each agency radghe significance of sediment
impacts to their infrastructure on a scale from 0 for no impact to 1 for highest level of
impact4 EA Ei DPAAO Al 000 xAOA AAOAOI ET AA dgsandOOIi | ET
multiplying them by baseline impact costs of 4, 8, and 15.6 USD Migr primarily

agricultural diversions, primarily drinking water diversions, and reservoirs, respectively.
Setting a sediment impact cost to zero in this table is equivalent to remimg it from the
infrastructure connections table; this method is preferred when the goal is to narrow the
focus of the assessment to a subset of water supplies.

Table2: Example of the sediment costs table specifying the sedinmepact cost to each feature of concern in
USD per Mg (metric ton). The feature of concern names must exactly match those used in the infrastructure
connections table. An alias field is also provided as an option to abbreviate the names in the summahjagap

Feature of Concern (FoC) Alias Costper Ton (CostPerTon)
BARNES DITCH BARNES DITCH 8.0
LOVELAND PIPELINE LOVELAND PIPELINE 1.6
GEORGE RIST DITCH GEORGE RIST DITCH 0.0
DILLE TUNNEL DILLE TUNNEL 5.0
MARY S LAKE AT ESTES PA MARY'S LAKE AESTES PAR} 35.9
EAST PORTAL RESERVOIR EAST PORTAL RES 37.5
PINEWOOD RESERVOIR PINEWOOD RES 32.8
LAKE ESTES LAKE ESTES 34.4
CARTER LAKE RES CARTER LAKE RES 34.4
POUDRE VALLEY CANAL POUDRE VALLEY CANAL 1.6

Running the model
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The model firstconfigures the watershed network based on the provided water supply
infrastructure connections and values. It then combines the modeled crown fire activity
from FlamMap with the pre-processed RUSLE inputs to estimate pofite increase in
erosion for the baseline and any postreatment fuel scenarios. The postreatment fuel
scenarios are described in further detail in the fuel treatment optimization section.
Sediment delivery to water supply infrastructure is then predicted by combining hillslope
and chanrel sediment delivery ratio modelsMass of sediment delivered to infrastructure
is thenlinked to the sediment impact costs Table 2) to quantify the conditional impactsof
fire in monetary terms. In the final step,conditional impacts are weighted by burn
probability to estimate risk. Several intermediate products including raster layers of post
fire erosion, sediment delivery to streamsgonnectivity to water supplies,conditional
water supply impacts, andwater supply risk are saved to the output folder for viewing and
critigue in a GIS. These same products are also mapped for a quitdpection of the results.

Results

The model outpuss include raster GIS files and static maps for viewing and critiquing the
results of the water supply risk assessmen(Figure 4). Advance usergan load the raster
datainto a GIS for custom mapping or analysis. A set of static maps are also produced to
make viewing the results convenient for users with less GIS skilla&.common theme for
maps is that impacts are mapped to the source locations to support watershed
management planning. Risk is accounted for by water supply in the results for the later fuel
treatment optimization module.

> WIT_2.0 » scripts > OUTPUT » WATER_SUPPLY_RISK_ASSESSMENT > v () Search WATER_S...

cNVC.tif Erosion.tif Risk.tif Sediment_Retenti ToStreams.tif
on_Value.tif

ws_risk_assessme
nt.log

Figure4: Outputs of the water supply risk assessment include raster GIS files and static magsvang and
critiquing the results.

The first and most important output to critique is the sediment retention value mapKigure
5), which translates the two user inputs(Table 1; Table 2) into a spatial representation of
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watershed value. Thevalues in this map should be interpreted as the avoided downstream
cost if a metric ton (Mg) of sediment were retained in each catchmer@ritique the map to
make sure all water supplies are connected to the network and valued properly. The next
two maps summarize the erosion and hillslope sediment transport model results for
median rainfall conditions (Figure 6) to communicate how the components of the model
combine to influence the final risk measures and for the interested user to compare the
results to published studies. The final two maps present the conditional wildfire impacts
and risk to water supplies Figure 6), which relate the predicted mass of sediment
delivered to water supplies to the assigned sediment impact costs. The risk map also
incorporates the likelihood of each source pixel burning. The native units for both these
data products are USD a but they are presented in relative terms here for ease of
communication with diverse audiencesAll else equal, areas with high risk will be
identified as priorities for fuels reduction treatments in the later fuel treatment
optimization module.
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Sediment Retention Value
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Figure5: The sediment retention value map combines the channel sediment delivery ratio model and the
sediment impact costs to map the value of retaining a metric ton of sediment in eatthment Water supplies
are represented as black dots with the size corresponding to the assigned impact cost.
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Figure 6: Postfire hillslope erosiofTOP LEFT) and sediment delivery to streams (TOP RIGirEdictions

account for threeyears of increasd gross sediment production. Units are Mgha facilitate comparisons with
published studiesConditional (BOTTOM LEFT) and expected (BOTTOM RIGHT) impacts to water supplies are
calculated by relating the mass of sediment delivered to water supplies to their assigned impact costs.
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