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Introduction

The Watershed Investment Tool (WIT) is a modular wildfire risk assessment and fuels
reduction prioritization system designed for the Peaks to People Water Fund (hereafter
Peaks to People). The core functions are aimed at quantifying wildfire risk to water
supplies and prioritizing the locations and type of fuels reduction treatments to minimize
risk. It also includes assessment workflows to calculate performance metrics on the
modeled benefits of past and planned fuel treatments. The modeled performance metrics
include several co-benefits 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 program-level
prioritization of fuels reduction work across large watersheds, accounting of implemented
project accomplishments, and evaluating the potential benefits of proposed projects.
Several of the intermediate spatial and tabular products also have utility for project-level
planning.

The core water supply and co-benefits risk assessments that underly the WIT are rooted in
established methods for wildfire risk assessment (Finney 2005; Scott et al. 2013) that
conceive of risk as the product of fire likelihood and fire consequences. Fire consequences
are quantified in this framework using a combination of fire modeling to characterize the
intensity of disturbance with an effects assessment to translate fire intensity into
ecological, social, or economic net value change. Quantifying 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
assessments are provided later in the user guide.

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

Throughout the user guide and associated WIT products, we make use of the terms
conditional and expected net value change. Expected Net Value Change (eNV(C) is a whole
actuarial measure of risk incorporating the probability of fire occurrence. Conditional Net
Value Change (cNVC) refers to the predicted change in value conditional on (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 fire likelihood is low, but
consequences are high. These measures should be considered in tandem to understand the
relative contributions of likelihood and consequences to risk.

Unique benefits of the WIT

Wildfire risk assessments often account for wildfire risk to multiple highly valued resources
and assets (HVRAs) using relative measures of effects on a scale from -100 for total loss to
+100 for radical gain (Scott et al. 2013). Consistently valuing effects on a relative scale
facilitates combining the resulting measures of risk for each HVRA into a composite
measure of total risk based on management priorities or social values (Scott et al. 2013).
This approach is well-suited for the style of multi-resource management used by public
agencies, but a downside of this approach is that relativized measures of risk do not clearly
communicate risk in absolute terms such as the expected sediment delivery to a reservoir
and associated costs. Peaks to People sought for the 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 costs. The 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 co-benefits of source water mitigation measures are also valued in dollars.

Use of wildfire risk assessments in land and watershed management is now commonplace,
but it is rare that these assessments go beyond characterizing baseline conditions to plan
efficient mitigation programs with analysis of fuel treatment effectiveness, 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 pre- and post-
treatment estimates of risk. This approach can be used to compare the effectiveness of
alternative treatment types (e.g., thinning versus prescribed fire) and 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 WIT combines spatially explicit measures of fuel
treatment risk mitigation, feasibility, and cost to optimize the location and type 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 analysis - such as the estimated cost-
effectiveness of risk reduction - convey similar information at a higher spatial resolution
for project level planning and evaluation.

Assessing wildfire risk to water supplies and optimizing fuel treatment location and type
are data and model intensive processes. The remainder of the user guide is dedicated to
explaining the technical implementation of these processes in the WIT. 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, and evaluating the
performance of completed or candidate projects.

Water Supply Risk Assessment

The WIT uses a linked model approach to quantify wildfire-water supply risk in terms of
expected sediment impact costs to water supplies (Figure 2). This module also estimates
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 proxy for
burn severity by mapping surface, passive crown, and active crown fire to low, moderate,
and high severity, respectively. Post-fire hillslope erosion is then modeled with a
Geographic Information System (GIS) implementation (Theobald et al. 2010) of the Revised
Universal Soil Loss Equation (RUSLE; Renard et al. 1997) by altering cover and soil
erodibility factors to reflect post-fire conditions (Larsen and MacDonald 2007). An
empirical model of post-fire 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 ratio (Frickel et al. 1975),
adapted to the channel types in the watersheds, is used to predict the total sediment
delivery to the affected downstream water supplies. Water supply sediment exposure is
quantified in metric tons (or megagrams [Mg]) and translated to a monetary value of
impact with stakeholder defined sediment impact costs in USD per Mg of sediment. Data
and modeling details are presented in Appendix I.



RUSLE
p

\
Baseline Treated Length and
Fuels Fuels [Un]burned Slope
i e |
_ N l 1 '| Rainfall
FSim FlamMap | over 1| Erosivity
|
' [
Burrr . Crow.n'F|re ., : Soil : Support
Probability Activity : Erodibility [i| Practices
—— ' y
|
Hillslope and
Channel
Transport
I
Sediment sediment
Costs —| Impact Costs to
Water Supplies
|
Expected
Sediment Impact
Costs to Water
Supplies

Figure 2: The wildfire-water supply risk assessment uses modeled crown fire activity as a proxy for burn severity
to modify cover and soil variables in the Revised Universal Soil Loss Equation (RUSLE) to estimate post-fire
hillslope erosion, which is then routed off hillslopes and down channels to estimate sediment delivery to water
supplies. Sediment yield is then combined with stakeholder-defined sediment impact costs to measure 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 dynamic inputs designed to simplify the user experience and reduce
computing needs. Several pre-processing steps are performed to generate a customized
watershed network for the sediment transport modeling. All the baseline (pre-fire) inputs
to RUSLE are pre-processed using ArcGIS 10.3 (ESRI 2015). See Appendix [ for more
details. The dynamic inputs to the model provide 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
(NHDPlus; USEPA and USGS 2012) is used to represent the spatial topology between
upland sediment sources and downstream water supplies via their connecting overland
and channel flow paths. Overland flow paths are represented with pre-processed terrain
analysis of a digital elevation model as described in Appendix I. The sediment contributed
from each of many catchments (sub-watersheds) is routed through the flowline (channel)
network to any downstream water supplies as indicated in Figure 3.

Figure 3: Simplified example of the NHDPlus network topology. The matching catchment (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 example with k, are referenced to the appropriate flowline
endpoint in the network.

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



Table 1: Example of the infrastructure connections table specifying the NHDPlus flowline that each feature of
concern is connected to. When appropriate, features can be represented by multiple flowlines (e.g. Carter Lake).

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 RESERVOIR 999000008

The user can also modify the sediment impact costs (USD per Mg of sediment) assigned to
the water supply infrastructure using the sediment costs table (Table 2). The pre-
configured values were developed in a collaborative process with input from the city
utilities of Fort Collins, Greeley, and Loveland and the Northern Water Conservancy District
(Northern Water). Representatives from each agency rated the significance of sediment
impacts to their infrastructure on a scale from 0 for no impact to 1 for highest level of
impact. The impact costs were determined by summing the city utilities’ impact ratings and
multiplying them by baseline impact costs of 4, 8, and 15.6 USD Mg-1 for primarily
agricultural diversions, primarily drinking water diversions, and reservoirs, respectively.
Setting a sediment impact cost to zero in this table is equivalent to removing 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.

Table 2: Example of the sediment costs table specifying the sediment impact 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 summary grap hics.

Feature of Concern (FoC) Alias Cost per 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 PARK MARY'S LAKE AT ESTES PARK 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 first configures 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 post-fire increase in
erosion for the baseline and any post-treatment fuel scenarios. The post-treatment 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 channel sediment delivery ratio models. Mass of sediment delivered to infrastructure
is then linked to the sediment impact costs (Table 2) to quantify the conditional impacts of
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 streams, connectivity to water supplies, conditional
water supply impacts, and water supply risk are saved to the output folder for viewing and
critique in a GIS. These same products are also mapped for a quick inspection of the results.

Results

The model outputs include raster GIS files and static maps for viewing and critiquing the
results of the water supply risk assessment (Figure 4). Advance users can load the raster
data into 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 skills. A 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 [J) Search WATER_S...
‘ ‘ ‘ -; \’;.’. ’
cNVC.tif Erosion.tif Risk.tif Sediment_Retenti ToStreams.tif
on_Value.tif

ws_risk_assessme
nt.log

Figure 4: Outputs of the water supply risk assessment include raster GIS files and static maps for viewing and
critiquing the results.

The first and most important output to critique is the sediment retention value map (Figure
5), which translates the two user inputs (Table 1; Table 2) into a spatial representation of

11



watershed value. The values in this map should be interpreted as the avoided downstream
cost if a metric ton (Mg) of sediment were retained in each catchment. Critique 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 ac1, but they are presented in relative terms here for ease of
communication with diverse audiences. All 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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Figure 5: 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 each catchment. Water supplies
are represented as black dots with the size corresponding to the assigned impact cost.
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Figure 6: Post-fire hillslope erosion (TOP LEFT) and sediment delivery to streams (TOP RIGHT) predictions
account for three-years of increased gross sediment production. Units are Mg ha! to facilitate comparisons with
published studies. Conditional (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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Fuel Treatment Optimization

The WIT optimizes the location and type of fuel treatment using linear optimization, which
is well-suited to evaluating a large set of candidate decision units based on their cost-
effectiveness and adherence to planning constraints. The optimization module also
produces several intermediate raster products that are made available for additional data
viewing and analysis.

Process summary

The linear optimization model is designed to maximize water supply risk reduction
(minimize risk) for a set of decision units representing the amount of treatment to allocate
(ac) by location and type (Figure 7). The detailed mathematical formulation is provided in
Appendix II. The decision units are evaluated in terms of their cost-effectiveness at
reducing risk by assigning each treatment location and type the average treatment risk
reduction (USD ac1) and cost (USD ac-1) within the unit. NHDPlus (USEPA and USGS 2012)
catchments are used as the treatment units, which vary in size from 0.5-8,800 ac with a
mean of 650 ac in Northern Colorado. Due to variable conditions within the catchments,
mean risk reduction and cost calculations are limited to the area modeled as feasible and
effective for each treatment type. In this context, effective means lowers fire severity at
least one category. Risk reduction is automatically calculated by treatment type from the
water supply risk assessment outputs. Treatment feasibility and cost estimates are
provided as raster surfaces by the analyst; the modeling for Northern Colorado is described
in Appendix II. Three main constraints are considered in the model. The most important is
that spending cannot exceed the total program budget (USD). Treatment is also limited at
the catchment-level to the total area feasible by treatment type as well as the combined
area feasible for all treatment types. This allows multiple treatment types to be assigned to
the same unit so long as their extents do not overlap. The primary output of the
optimization model is a treatment plan specifying the area assigned to each location and
treatment type and the associated level of predicted risk reduction. Raster cost-
effectiveness surfaces are also generated for each treatment type by dividing risk reduction
by treatment cost.

15



Objective: maximize risk reduction (minimize risk)
Decisions: acres to treat by location and treatment type
Model:
Benefits Constraints
\
[ [
Trea'Fment Treatment Treatment
Risk Feasibilit Cost Budger
Reduction "
Linear
Optimization
Output: l
Optimal
Treatment Acres to treat by location
Plan and treatment type

Figure 7: Conceptual diagram summarizing how information is synthesized in linear optimization to prioritize
treatment location and type to minimize risk.

User input

Fuel Treatment Optimization

This module combines information on treatment risk reduction, feasibility, and cost to optimize fuel treatment type and
placement to minimize risk. Optimization goals can be expressed as budgets or risk reduction percentages.

Treatment Specifications Budgets Percentages

® Optimize for budgets
© Optimize for risk reduction percentages

Minimum project size (ac) 20
Maximum project size (ac) 5000

Optimize Treatments Map Results _

Three controls are provided to the user. The first is a treatment specifications table (Table
3). This is used to adjust the treatment types considered in the model and data sources
used to represent their risk reductions, feasibilities, costs, and how outputs are labeled.
GeoTIFF is the required format for raster inputs. The user can also modify a variable
(MaxBudgetProp) to limit the proportion of the budget (0-1) that can be allocated to each
treatment type to deal with unrealistic allocations. The model formulation requires the
user to specify a program budget to constrain spending to. Two options are provided to
specify the budget(s) to explore. The first is a budgets table (Table 4) that requires at least
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one positive budget value (in USD) to run the model. Multiple values can be provided on
separate rows to generate treatment plans at multiple budget levels with a single run. The
second is a risk reduction percentages table (Table 5) that has equivalent function. The
default is to use budgets, but the percentage option can be selected with the toggle switch.
Size constraints can be imposed by entering values into the text boxes in the interface;
treatment units with less feasible area than the minimum project size will not be
considered for the treatment plan and catchment-level treatment allocations will not
exceed the specified maximum project size.

Table 3: Treatment specifications table. PT_Risk = post-treatment risk raster (USD ac). T_Cost = treatment cost
raster (USD acl). T_Feas = treatment feasibility raster (O=infeasible;1=feasible). MaxBudgetProp = maximum
budget proportion (value between 0 and 1). FB_Code = fire behavior code (unique name to associate fire
modeling results and to tag model outputs with).

Treatment PT_Risk T_Cost T_Feas  MaxBudgetProp FB_Code
Thin thin_eNVC.tif  mocost.tif mofeas.tif 1 thin
Rx fire RxFire_eNVC.tif  Rxcost.tif = Rxfeas.tif 1 RxFire
Complete  comp_eNVC.tif mRxcost.tif mofeas.tif 1 comp

Table 4: Budgets table. Budget = budget(s) to run the model at. A treatment plan will be constructed for each
specified budget. Commas are shown here for ease of reading, but the actual file should include the values as raw
numbers instead of formatted text. Priority = text name for the budget scenario for later mapping. Lower
budgets correspond to higher treatment priority.

Budget Priority
10,000,000 Highest
50,000,000 Higher

100,000,000 High
200,000,000 Moderate

Table 5: Risk reduction percentages table. PerRed = percentage(s) of risk reduction to run the model at. A
treatment plan will be constructed for each specified percentage. Priority = text name for the percentage
scenario for later mapping. Lower percentages correspond to higher treatment priority.

PerRed Priority
5 Highest
10 Higher
15 High
20 Moderate

The most important inputs to the optimization model are the raster surfaces of treatment
risk reduction, cost, and feasibility. A brief description of how these are generated is
provided here with details reserved for Appendix II. Risk reduction estimates are
generated in the WIT by providing modeled crown fire activity for each candidate
treatment as input to the previously described water supply risk assessment module. The
risk assessment module identifies the candidate treatments to evaluate using the treatment
specifications table (Table 3). Post-treatment risk is then subtracted from baseline risk in
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the optimization module to estimate risk reduction in USD ac-! over a 25-year planning
period. Treatment cost surfaces should have units of USD ac-l. For Northern Colorado,
thinning costs are estimated to increase with distance from roads and slope steepness with
a function that predicts costs between 2,500 and 10,000 USD ac1. Prescribed fire costs are
estimated at a flat rate of 1,000 USD ac"1. The cost of a complete treatment combining
thinning and prescribed fire is calculated as the sum of thinning and prescribed fire costs.
Here, feasibility refers to a binary layer depicting where a given treatment is possible (1) or
not possible (0) based on hard constraints. Accessibility and operability constraints are
already factored into the cost estimates. All treatments are restricted to forested areas.
Thinning treatments are further limited from areas protected with wilderness and upper
tier roadless designations. Prescribed fire is constrained to frequent-fire forests greater
than 250-m away from structures in the wildland-urban interface.

Running the model

The model first reads in the spatial inputs and then summarizes treatment risk reduction,
cost, and feasibility for each treatment type and unit. As previously mentioned, estimates of
average risk reduction and cost are limited to the area feasible for that treatment type.
Prior to formulating the model, any decision units with less feasible area than the minimum
project size are removed from consideration and any units with more than the maximum
project size are constrained the maximum by adjusting the feasible area in the unit.
Optimization is performed with the free lp_solve program

(http://web.mit.edu/Ipsolve v5520/doc/index.htm), which requires the data be
manipulated into vector and matrix form to describe the objective function values and
constraints for each decision unit. An avoided impact analysis is performed across the full
range of possible budgets to communicate how risk reduction and treatment type
allocations will vary at untested budget levels. If the risk reduction percentage option is
selected, the results of the avoided impact analysis are used to identify the budget needed
to meet the risk reduction goal. The module then solves the linear program for each budget
level and saves the associated treatment plan describing the area assigned to each
treatment type and unit. Risk reduction and treatment allocation by budget level is also
summarized in a table.

Results
The model outputs include tabular and vector GIS files (shapefiles) of the optimal

treatment plan for each budget, a summary table of results by budget, and a figure
summarizing the results of the avoided impact analysis (Figure 8).
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Figure 8: Outputs of the fuel treatment optimization include tabular and vector GIS files (shapefiles) depicting
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the optimal treatment plan for each budget, a treatment priority shapefile, a summary table of results by budget,

and the avoided impact analysis results. Budget levels (USD) appear in the treatment plan file names.

The optimal treatment plan is communicated in a long-form table (Table 6) and a wide-

form shapefile (Figure 9). In the long-form table, each spatial treatment unit (UID field) will

have multiple rows corresponding to the number of treatment types considered in the
assessment (Table 3). The selected locations and treatment types can be identified by

filtering for decision units with allocated treatment (> 0 in Acres field). The treatment type

codes correspond to the order that treatments are presented in Table 3. The optimal

treatment plan is also communicated in a shapefile with a wide-form attribute table (Figure
9). Only treatment units selected by the model appear in the output. The treatment priority

shapefile flattens the treatment plans for all budgets and assigns each catchment the
highest priority level (from Table 4 or Table 5) that it is selected for treatment at.
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Table 6: Optimal treatment plan table. UID = unique identifier for treatment unit. FEATUREID & GRIDCODE =
unique identifiers for NHDPlus catchments. TotFeasAcre = total feasible acres in catchment for any treatment
type. FeasAcre = feasible acres in catchment for specified treatment type. RedPerAcre = average treatment risk
reduction (USD ac). CostPerAcre = average treatment cost (USD ac). TrtType = numerical code corresponding
to row numbers in Table 3. Acres = planned allocation of treatment.

UID FEATUREID GRIDCODE TotFeasAcre FeasAcre RedPerAcre CostPerAcre TrtType Acres
0 12680 789308 17.1 0.0 2.4 2,500.0 1 0.0
0 12680 789308 17.1 0.0 8.4 1,000.0 2 0.0
0 12680 789308 17.1 0.0 1.2 3,500.0 3 0.0
1 13582 789322 571.1 299.6 85.0 2,748.7 1 0.0
1 13582 789322 571.1 66.9 71.1 1,000.0 2 66.9
1 13582 789322 571.1 570.0 58.6 3,711.4 3 0.0
2 12554 789329 3.8 0.0 33 2,500.0 1 0.0
2 12554 789329 3.8 0.0 0.0 999,999.0 2 0.0
2 12554 789329 3.8 0.0 53 3,506.7 3 0.0
3 11010 789340 371.6 174.4 23.1 2,773.3 1 0.0
3 11010 789340 371.6 75.2 13.8 1,000.0 2 0.0
3 11010 789340 371.6 370.3 14.2 3,702.9 3 0.0
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Figure 9: Optimal treatment plan shapefile. The module will produce a treatment plan shapefile for every budget.
T1_ac = area allocated to treatment type one from Table 3. Tot_ac = total treatment area allocated to unit.

The budget summary table is designed to compare performance metrics and treatment
allocations across budget levels (Table 7). It describes how much risk is mitigated at each
budget level in USD (ObjVal field), percent of the baseline total (PerRR field), and percent of
the maximum feasible risk reduction considering the feasibility and project size constraints
in the model (PerMFRR field). It also reports how much of each treatment type is utilized in
terms of both area (e.g., T1_acres field) and budget (e.g., T1_USD field).
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Table 7: Budget summary table. Budget = treatment budget (USD). ObjValue = risk reduction objective value
(USD). T1_acres = area allocated to treatment type 1 from Table 3. T1_USD = budget (USD) allocated to
treatment type 1 from Table 3. PerRR = percent of total risk reduced. PerMFRR = percent of maximum feasible
risk reduction. For the risk reduction percentage option, PerRed = the input percentage goal.

Budget Objval  Ti1_acres T1_USD T2_acres T2_USD .. PerRR PerMFRR
10,000,000 878,280 0 0 10,000 10,000,000 7.4 13.3
50,000,000 2,469,318 9,162 27,966,968 21,576 21,576,378 20.8 37.4

100,000,000 3,695,309 23,005 68,903,585 28,809 28,808,984 311 55.9
200,000,000 5,058,042 44,931 131,825,047 36,284 36,283,663 42.5 76.4

The last product is a figure summarizing the results of the avoided impact analysis (Figure
10). This analysis first estimates a high-end budget that would result from treating all
feasible area with the most expensive treatment type and then solves the linear program at
many small budget increments up to the high-end budget. The top panel provides
perspective about how the selected budget levels compare in terms of their cost-
effectiveness at reducing risk and how much of the maximum mitigable risk they achieve.
The bottom panel illustrates how treatment type allocations shift with changing budget. In
this example, prescribed fire dominates when budgets are small because it is the most cost-
effective treatment, but as budget because non-limiting, the treatment allocation shifts
towards the complete treatment because it is most effective.
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Risk Reduction by Budget
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Figure 10: Avoided impact analysis. The top panel displays how much risk reduction is achieved at various
budget levels and the bottom panel displays the optimal treatment allocation by type. Risk reduction % in the

top panel is of the total risk.

Map results (optional)

This optional post-optimization workflow performs basic mapping of the optimization

Fuel treatment budget ($)

10 20 30 40 50

0

Risk Reduction (%)

inputs, intermediate products, and output treatment plans to make the spatial information

accessible to users without strong GIS skills. This process is separated from the
optimization model because of the significant time it takes to produce the graphics.

Additionally, some intermediate products are provided as GIS files for custom mapping and

analysis in GIS. The output directory separates the maps and supplementary GIS files

(Figure 11).

22



« scripts » OUTPUT » WIT_OPTIMIZATION_ASSESSMENT » v | D A Search WIT_OPTL...

)

Mame Date modified Type Size
Maps 6/12/2020 1:41 PM File folder
Supplementary 6/12/2020 1:36 PM File folder
Treatment_plan 6,/1,/2020 1:50 PM File folder
so_treatments.log 5/6/2020 12:32 PM Text Document 1KB

Figure 11: Fuel treatment optimization output folder structure.

The maps folder features several products (Figure 12). The treatment plan summary
figures map each treatment plan and report on the water supply risk mitigation effects
(TrtPlan_[BUDGET LEVEL].tif). If multiple budget levels are provided in Table 7, a priority
map is generated using the assigned priority names (TrtPlans_priority.tif). Lower budget
levels identify the highest priorities for treatment. For each candidate treatment type, maps
are provided of the modeled risk reduction ([TREATMENT TYPE]_risk_reduction.tif), area
feasible for treatment ([TREATMENT TYPE]_feasibility.tif), treatment cost ([TREATMENT
TYPE]_cost.tif), and treatment cost-effectiveness ([TREATMENT
TYPE]_cost_effectiveness.tif). Cost-effectiveness is calculated as treatment risk reduction
divided by treatment cost.

thin_cost_effectiveness.tif thin_feasibility.tif

Fuel Treatment Priorities

TtPlan_200000000peg

TrtPlan_50000000.jpeg TitPlan_100000000,peg TitPlans._priority tif

Figure 12: Optional maps describing optimization model inputs, intermediate products, and treatment plan
outputs.
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The supplementary GIS folder provides access to several of the intermediate and output
products of the optimization (Figure 13). Rasters of treatment risk reduction and cost-
effectiveness are provided for each treatment type ([TREATMENT TYPE]_RR.tif and
[TREATMENT TYPE]_BCR.tif). The full attribute information used to parameterize the
linear optimization program is provided in tabular (TrtUnit_metrics.csv) and shapefile
format (TrtUnit_metrics.shp).

« WIT 2.0 » scripts » OUTPUT » WIT_OPTIMIZATION_ASSESSMENT » Supplementary w O Search Suppleme...

comp_BCR.tif comp_RR.tif RxFire_BCR.tif RxFire_RR.tif tfeas tif thin_BCR.tif thin_RR.tif

AN

TrtUnit_metics.cs TrtUnit_metics.db TrtlUnit_metics.prj TrtUnit_metics.sh TrtUnit_metics.sh
v f p ¥

Figure 13: Supplementary output folder containing spatial data for viewing or analysis in GIS.
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Performance Metrics Assessment

The WIT also calculates a suite of performance metrics for accomplished or planned fuels
reduction work. This workflow is meant to complement the landscape-scale fuel treatment
optimization by summarizing many of the intermediate products of the risk assessment
and selected co-benefits related to home protection, recreation, and wildlife at a relevant
scale for accomplishments reporting or evaluating proposed projects.

Process summary

This module ingests information describing the location and type of past or planned fuels
reduction treatments and performs a series of spatial analyses to estimate performance
measures for each treatment unit. This includes accounting of modeled effects on fire
behavior, post-fire erosion, sediment load to streams, and water supply infrastructure
exposure to sediment. This information is intended to help convey the project benefits to
water stakeholders in multiple relevant terms. T