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Conditional burn probability: the probability of a cell in the study area burning given an ignition in
the study area

Conditional flame length: the mean flame length (ft) of each 30m cell when that cell burns in the
context of a Monte Carlo fire simulation

Mean10: a treatment scenario with a roughly log-normal distribution of treatment sizes and a mean
treatment size of 10 ac

Mean40: a treatment scenario with a roughly normal distribution of treatment sizes and a mean
treatment size of 40 ac

No priority: a treatment scenario where treatments are allocated according to the ratio of private
and public lands in the treatment area

Private prioritized: a treatment scenario where treatments are placed on private parcels until 85% of
the area of private parcels have been treated

Study area: the total Sonora fireshed area (425 square miles)

Treated areas: areas within the treatment area where fuels were transitioned to simulate fuels
reduction treatments

Treatment area: the combined area of non-industrial private parcels >10 acres and federally owned
parcels within the study area

Data and code available at https://github.com/kyle-woodward/aff-treatments
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Introduction

Forest management practices seek to reduce fuel loads in fire-prone areas.

These practices, including thinning, prescribed fire, and mastication, are
used to reduce fuel loads, reduce horizontal and vertical fuel continuity,
and create fuel breaks for more effective firefighting in the event of a
wildfire.

Fuel treatments can occur across a range of spatial scales. Private
landowners can treat small parcels, while treatments on public lands
may cover thousands of acres. A general goal of managers is to apply
treatments where they will have the most optimal impact on fire behavior,
typically referred to as prioritization. The optimization of the spatial
arrangement of treatments has been a focus of study, where simulations
of fire behavior have been used to assess the effect of landscape-scale
treatment size and placement on fire behavior. While this research is
informative, the placement of planned treatments is typically limited
due to constraints such as access, topography, or property ownership
boundaries. Thus, while prioritization is often a goal, increasing the pace
and scale of treatment throughout fire-prone landscapes also includes
treating opportunistically to reach the desired acreage of area treated as
quickly as possible.

In this report, we describe an approach for evaluating the effectiveness

of forest treatments for reducing simulated fire behavior for several
scenarios in which treatment intensity, treatment size, and the spatial
distribution of treatments were varied. Rather than simulating treatments
to optimize treatment effectiveness, the objective was to determine the
level of treatment required to reduce fire risk if treatment locations are
not optimized in a prioritization process, given varying treatment sizes and
varying distribution of treatments across private and public lands. This
allows for an evaluation of the scale and concentration of activity required
to moderate fire behavior across a fireshed. For this report, we use the
Sonora fireshed in the central Sierra Nevada as a case study.
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In this report, we describe
an approach for evaluating
the effectiveness of forest
treatments for reducing
simulated fire behavior

for several scenarios in
which treatment intensity,
treatment size, and the
spatial distribution of
treatments were varied.
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Methods

The 425 square mile Sonora fireshed study area (Figure 1) is typical of low- to mid-elevation foothill
areas of the Sierra Nevada. The elevation of the study area ranges from approximately 1000-6500 ft.
Major drainages in the study area include the Middle Fork Stanislaus River, the South Fork Stanislaus
River, and the North Fork Tuolumne River. At lower elevations, surface fuel types include dry-climate
grass, grass shrub, and shrub fuel types. As elevation increases, surface fuel types include timber litter
and timber-understory fuel types.

Within the study area, we selected the treatment area based on ownership type and vegetation type.
We differentiated between non-industrial private lands (referred to below as ‘private’) and federally-
managed public lands (referred to below as ‘public’). The mean private parcel size was 10 acres and

the mean public parcel size was 145 acres. When defining the treatment area, we excluded areas with
herbaceous vegetation cover based on National Land Cover Database (NLCD) classification, because
these areas would not be treated for forest fuels reductions. We also excluded parcels less than 10
acres because they are unlikely to be treated for fuels reduction under this specific AFF program. The
total area of private lands in the treatment area was 155 square miles (42% of total treatment area).
The total area of public lands in the treatment area was 212 square miles (58% of total treatment area).
When summarizing
fire behavior
metrics in this

Sonora fireshed
=== Study area

. Treatment area: private

report, we report
. Treatment area: public

summaries for the
entire study area
(425 square miles)
shown in Figure 1,
including parcels
less than 10 acres
and herbaceous

vegetation types.

0 5 10mi

Figure 1. The Sonora fireshed study area. Fire behavior results were summarized for all cells
within the study area. Treatments were placed only in the treatment areas, which exclude cells
with herbaceous vegetation cover and parcels less than 10 ac.
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Overall, we tested the effect of
three variables on fire behavior:
treatment intensity (intensity here
refers to the percent area treated,
rather than the magnitude of change
caused by the treatment), treatment
size distribution, and ownership
priority scenario. In total we tested
13 treatment intensity levels, two
treatment size distributions, and two
ownership priority scenarios, for a
total of 52 scenarios.

To test the effect of treatment
intensity, we simulated a recent
(within 1-5 years), moderate-severity harvest where fuels were removed from the treated area. Treatment intensity
ranged from 0%-60% of the treatment area in increments of 5%.

To test treatment size distribution, we compared a scenario with a roughly log-normal distribution and a mean
treatment size of 10 acres (referred to below as Mean10) and a scenario with a roughly normal distribution and a
mean treatment size of 40 acres (referred to below as Mean40). For simplicity, we designated four treatment size
classes for each scenario: 10, 40, 100, and 400 ac. We then assigned the probability of simulating each size class for
the two treatment size distributions (Table 1). Sampling from these predetermined probabilities, rather than true
normal or log-normal distributions, allowed us to ensure that some larger treatment sizes would be included in
each simulation. The Mean10 treatment scenario simulates a scenario where most treatments occur on individual
small parcels, while the Mean40 treatment scenario simulates a scenario where treatments are coordinated across
multiple parcels with the cooperation of the landowners. We refer to this set of scenarios as the treatment size
scenarios below.

Probability of Probability of Probability of Probability of
10-acre treatment  40-acre treatment 100-acre treatment 400-acre treatment
Mean10 0.60 0.25 0.13 0.02
Mean40 0.25 0.60 0.13 0.02

Table 1. Probabilities of each of the four treatment size classes for the two treatment size distributions
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Additionally, we evaluated two scenarios regarding property ownership. The first scenario prioritized treatment of
private parcels, assuming that most of the fuels treatments would be undertaken on private lands (referred to below
as the “private prioritized” scenario). In this scenario, we placed simulated fuels treatments only in private parcels
until a saturation point of 85% of private lands treated was reached. This corresponded to 35% of the treatment
area. After 85% of private lands (35% of the treatment area) was treated, the simulated treatments were placed on
public lands. In the second scenario, treatments were allocated according to the ratio of private and public lands in
the treatment area (referred to below as the “no priority” scenario). In this scenario, 42% of the treated area was on
private lands and 58% of the treated area w To simulate fuels reduction as a result of forest treatment, we developed
a workflow in Google Earth Engine to create treated areas and transition fuels in those treated for each of the 52
scenarios tested. We first determined the total acres to be treated on public and private lands for each scenario
based on the area treated, the treatment size distribution, and the priority scenario. Using the probability of each
size class (Table 1), we estimated the number of treatments per size class for each scenario. These treatments were
randomly placed in the treatment area. Treatment edges were allowed to touch but did not overlap. For each area
treated increment (0%-60%), treatments from the smaller increments remained the same but additional treatments
were added. The final image for each scenario was a 30m pixel raster with treated areas masked (Figure 2). as on
public lands. We refer to this set of scenarios as the treatment priority scenarios below.

To simulate fuels reduction as a result of forest treatment, we developed a workflow in Google Earth Engine to
create treated areas and transition fuels in those treated for each of the 52 scenarios tested. We first determined the
total acres to be treated on public and private lands for each scenario based on the area treated, the treatment size
distribution, and the priority scenario. Using the probability of each size class (Table 1), we estimated the number

of treatments per size class for each scenario. These treatments were randomly placed in the treatment area.
Treatment edges were allowed to touch but did not overlap. For each area treated increment (0%-60%), treatments
from the smaller increments remained the same but additional treatments were added. The final image for each
scenario was a 30m pixel raster with treated areas masked (Figure 2).

To transition surface and canopy fuels in treated areas, we used the LANDFIRE surface and canopy fuels dataset
(v2.0.0; accessed at www.landfire.gov) as the baseline fuels data. Four canopy fuel layers (canopy cover, canopy
height, canopy base height, canopy bulk density) and one surface fuel layer (40 Scott and Burgan Fire Behavior Fuel
Model, referred to below as FM40) are used as inputs into the fire models. To transition fuels after disturbance,
LANDFIRE uses a three-digit code to indicate the disturbance type, severity, and time since disturbance. We assigned
each simulated treatment a code indicating the treatment type was mechanical remove (a mechanical treatment
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where fuels are removed from the

A. Mean40, private prioritized, 5% treated B. Mean40, private prioritized, 20% treated

site, such as a group harvest or
single-tree selection treatment),

a moderate severity, and a time
since disturbance of 1-5 years. We
transitioned the five fuels layers
according to the LANDFIRE Total
Fuel Change Tool (LFTFCT) ruleset,
as implemented in Google Earth
Engine (details of the methodology
can be found in Kearns et al. 2022 ).
The four canopy fuels are updated
using a linear regression equation
with parameters specific to the
disturbance code, biophysical
Settings (BPS), fuel vegetation

A

. Mean40, private prioritized, 40% treated D. Mean40, private prioritized, 60% treated

cover (FVC), fuel vegetation height o 5  1om
[ )
(FVH), and fuel vegetation type
(FVT). The FMA40 surface fuels are Figure 2. An example of treatment locations for selected scenarios in the study area. These pan-
els show the locations of the simulated treatments for the Mean40, private prioritized scenario
transitioned using a lookup table at treatment intensity levels of 5%, 20%, 40%, and 60%. The 40% treatment intensity level is the
applied to unique combinations level at which treatments begin to be placed on public parcels.

of the disturbance code, BPS, FVC,

FVH, and FVT. After running the

process to transition the fuels for each scenario, we exported a raster stack of the five fuels layers for each of the 52
scenarios.

To model fire behavior, we used GridFire, which is an open-source, raster-based fire behavior model which uses
Rothermel surface fire spread equations to predict fire behavior. We used the raster stack of five modified fuels
layers as the inputs for each GridFire run. We used a 16-hr burn period and ran 10,000 ignition simulations for

each of the 52 scenarios. The ignition locations were random but were kept consistent between scenarios. Each
simulation used fixed weather and fuel moisture conditions. The weather inputs represent the 98th percentile
conditions based on 23 years of records (1999-2022) from the Mount Elizabeth remote automated weather station
(RAWS). This RAWS is administered by the USDA Forest Service and sits at 4,933 ft near the center of the study area.
We used Fire Family Plus software to summarize weather records over the period of record during the primary fire
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season (mid-April through mid-October). Based on these results we parameterized GridFire weather conditions
with an ambient air temperature of 94°, a relative humidity value of 13%, a 20-ft wind speed of 18 mph from the
southwest (270°), and a foliar moisture content value of 80%.

The outputs for each scenario include tabular data with a per-ignition summary of fire size (ac), crown fire size (ac),
surface fire size (ac), mean flame length (ft), and mean fireline intensity (Btu + ft + sec). GridFire also produces per-
ignition rasters of flame length and per-scenario summary rasters of conditional burn probability (CBP), maximum
flame length, and summed flame length. We derived per-scenario rasters of mean flame length as well as conditional
flame length (CFL) per 30-m cell, with flame length binned by 2-ft increments (0-2 ft, 2-4 ft, 4-6 ft, 6-8 ft, 8-12 ft,

and >12 ft). Conditional burn probability here refers to the probability of a cell in the study area burning given an
ignition in the study area (thus the divisor of the CBP is 10,000 because we simulated 10,000 ignitions per scenario.)
Conditional flame length here refers to the mean flame length (ft) of each 30m cell when that cell burns (thus the
divisor of CFL is the count of times the cell burned). The reason we separately derived CFL is that CFL provides the
same intensity information as the mean flame length but it also incorporates a measure of probability.

We were interested in comparing the effect of treatment intensity both within and between treatment priority by
treatment size scenarios. Pre-processing of the tabular data included calculating percent crown fire (crown fire size
+ total fire size). To assess the impact of treatment intensity within treatment priority by treatment size scenarios,
we compared the treatment scenarios individually to baseline scenarios by plotting the joint probability distribution
for each treatment scenario compared to baseline within the four treatment priority by treatment size scenarios.
We did this for fire size, crown fire percent, mean flame length, and mean fireline intensity. These plots include the
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1:1 comparison for all 10,000 ignitions and provide a qualitative comparison between the four treatment priority by
treatment size scenarios for each treatment intensity level. A difference in slope between scenarios indicates that
the effect of treatment compared to baseline differs.

To qualitatively evaluate whether there were thresholds at which treatments were most effective at mitigating fire
behavior, we calculated the percentage of scenarios resulting in a reduction of at least 5%, 20%, and 50% for fire size,
crown fire percent, mean flame length, and mean fireline intensity. We then compared these values across the four
treatment priority by treatment size scenarios.

To evaluate treatment effects on CBP, we calculated the per-cell ratio of each treatment scenario’s CBP to its
corresponding untreated CBP. . We then binned these differences into one of four categories:

e CBP =0: the percentage of cells in the treated scenario where CBP=0

e Treatment CBP < baseline: the percentage of cells where CBP is reduced in the treatment scenario compared to
the baseline scenario

e Treatment CBP = baseline: the percentage of cells where CBP in the treatment scenario equals the baseline
scenario CBP

e Treatment CBP > baseline: the percentage of cells where CBP is increased in the treatment scenario compared to
the baseline scenario

We also looked at CBP in the study area versus CBP in just the untreated cells in the study area, to evaluate whether
a treatment translated to a reduction in fire behavior adjacent to the treatments, or if treatment effects were
confined only to treated cells.

To evaluate treatment effects on CFL, we compared CFL bins between treatment intensities for the four treatment
priority by treatment size scenarios. We also mapped CFL for the baseline, 30% treated, and 60% treated intensity
levels for each of the four treatment priority x treatment size scenarios to evaluate the spatial patterns of CFL
reduction between treatment scenarios.
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Results

We found that the patterns between treatment priority and treatment size scenarios were similar
across the range of treatment intensity for the four variables we evaluated: fire size (ac), crown
fire percent (%), flame length (ft) and fireline intensity (Btu/ft/sec; Figure 3). Increasing treatment
intensity consistently reduced fire behavior metrics. In general, the ‘private prioritized’ scenarios had
a smaller effect on reducing fire behavior than the ‘no priority treatments.” There was an inflection
point observed at 35% area treated, where the slope increased for all four variables, indicating an
increase in effectiveness at reducing fire behavior once public land was also being treated. At the
60% treatment level, the treatment priority scenarios were similar due to much of the treatment
area being treated, but the ‘no priority’ treatments still consistently had more of an effect of
reducing fire behavior than the ‘private prioritized’ scenarios. The Mean10 and Mean40 scenarios
differed slightly, where Mean40 scenarios had slightly reduced fire behavior relative to Mean10 for
the four variables examined. Overall, treatment priority had a stronger effect on fire behavior than
treatment size.

The joint distribution plots revealed similar patterns as above (Figures 4-7). Increasing treatment
intensity consistently reduced fire behavior metrics. The slope of the regression lines representing
the four treatment priority by treatment size scenarios and comparing treatment intensity scenarios
to baseline differed most at the 25%-35% treatment levels. These are the levels at which treatment
on private lands is nearly saturated, but no private land has been treated in the ‘private prioritized’
scenario.

The percent of ignitions that had a greater than 5%, 20%, or 50% reduction in fire behavior metrics
showed generally consistent patterns between fire behavior variables. Overall, a similar pattern as
above was observed, where the priority scenarios differed most in the effectiveness of reducing

fire behavior at the mid levels of treatment intensity and where the ‘no priority treatments’ were
more effective than the ‘private prioritized’ treatments. The treatment effectiveness between
priority scenarios converged as treatment intensity increased. At a 20% treatment intensity, very few
ignitions had a 20% reduction in fire size in any of the four treatment scenarios, and this increased
to 36-39% of ignitions at 60% treatment intensity (Figure 8). At a 20% treatment intensity, 3-4% of
ignitions had a 20% reduction in crown fire percent in any of the four treatment scenarios, and this
increased to 57-58% of ignitions at 60% treatment intensity (Figure 9). At a 20% treatment intensity,
very few ignitions had a 20% reduction in flame length in any of the four treatment scenarios, and
this increased to 22-25% of ignitions at 60% treatment intensity (Figure 10). At a 20% treatment
intensity, very few ignitions had a 20% reduction in fireline intensity in any of the four treatment
scenarios, and this increased to 26-28% of ignitions at 60% treatment intensity (Figure 11).
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There was a shift in CBP observed with increasing treatment, both for the study area as a whole and for the
untreated cells within the study area. This indicates that the effects of the simulated treatments translated to
untreated cells. Overall, treatment size had less effect on the proportion of cells in each CBP bin than the ownership
scenarios did. It is important to note that in the figure representing the study area as a whole (left panel of Figure
12; Figure 13), each pane (treatment intensity) represents the same number of cells. In the right panel (untreated
cells only), each pane represents a decreasing number of untreated cells as treatment intensity increases.

For the study area as a whole (Figure 12, left panel; Figure 13) there was a slight increase in the proportion of cells
where CBP equals 0. In the study area as a whole, the proportion increased from 7.5% to 8%, while in the untreated
cells only, the proportion increased from 7.5% to 10.5% for the ‘no priority’ scenario and to 9.75% for the ‘private
prioritized’ scenario. The rate of increase in proportion of cells where CBP equals 0 in the untreated cells was only
notably different between the ‘no priority’ and ‘private prioritized’ scenarios. It appears that most of the increase in
the proportion of untreated cells where CBP equals O results from treating public lands (Figure 13).

For the study area as a whole (Figure 12, left panel; Figure 13) and for the untreated cells only (Figure 12, right
panel; Figure 13), the ‘private prioritized’ scenario had a greater proportion of cells where treatment CBP equals
baseline CBP compared to the ‘no priority’ scenario for treatment intensities from 5%-35%. This was offset by a
greater proportion of cells where CBP was less than baseline in the ‘no priority’ scenario as compared to the ‘private
prioritized’ scenario for treatment intensities from 5%-35%. After 35%, when public land is being treated in both
scenarios, the two priority scenarios are quite similar (Figure 13).

There was also an increase in the proportion of cells where treatment CBP was greater than the baseline. This
does happen on occasion when using the LFTFCT, typically due to the FM40 substitution in treated areas in some
vegetation types. In this simulation, about 10% of cells in the study area saw an increase in CBP relative to baseline.

Notably, the CFL bin with the greatest proportion of cells was the >12 ft bin for all scenarios (Figure 14). In general,
CFL was quite high throughout the study area. The average flame length in each ignition was 13.5 ft for the baseline
scenario and 11.5 ft for the 60% treatment intensity scenario (Figure 3) and many cells had flame lengths of 25 ft

or greater (Figures 14-17). With increasing treatment intensity, the proportion of cells in the highest CFL bins are
reduced, while the proportion of cells in the lowest flame length bins remains consistent. As with CBP, the treatment
priority scenarios had a larger effect on CFL than the treatment size scenarios. The ‘private prioritized’ treatments
have a slightly greater proportion of cells in the >12 ft CFL bin compared to the ‘no priority treatments.

AFF REPORT: DEVELOPING AN APPROACH TO MODEL FIRE RESILIENCY THROUGH FUEL TREATMENTS AT THE LANDSCAPE LEVEL




<’z

.

Spatial
Informatics
Group

V7

SPATIAL INFORMATICS GROUP ’Y

pajeau) eale %,
09 g 0s Sy oy g€ 0¢ G 0z S O 0§ 0

-000¢

-00ce

-00¥¢

(y00s/Mig) Alsueyul sulai4

paznuoud sjeald -

Auoud oN —
foud Kyisuajui suijediq
28 0p - pajesy; eale 9,
oegL - 09 G& 05 S oy G 0¢ S 0z S 0 0
2zISUBB

@
IN]
~

S
&
%) I} UMOID

-§LT~

-0°0¢

ai1} UMOJD Juadiad

s|22Jed paumo-Aj@1ead uo
pazpioud syuawiealsy Jo Juswade|d Juauileasd ul Auold ou) oleuads AyJolid JUSWIEaI) PUE (S2J28 O PUB SaJde () 9ZIS JUsWieal) uesw Ag So13awl JoiAeyaq all4 € 9InSi4

pajeal) eale %,
09 S 05 S oy g€ 06 S 0z S O 0§ 0

-0ch

-SCh

-0¢el

yibua| sawel4

pajeal) eale %,
09 s§ 05 s oy g€ 0s ST 0z g O} S 0

azis aJlg

-00¥¢

o
=]
0
39

-009¢

-00L2

-0082

-0062

(1) wbue| swel4

ozIs aJij ueay

Je

12

DEVELOPING AN APPROACH TO MODEL FIRE RESILIENCY THROUGH FUEL TREATMENTS AT THE LANDSCAPE LEVEL

AFF REPORT:



<’z

od

Spatial
Informatics
Group

Y,

13

‘Saulpual pazniiold a1eald, syy Jo asoyy ueyy adojs J9|[BWS e MOYS Saul|
puaiy Aoud ou, 3yl SaseD ||e U] "3ZIS 311f JOMO] [[BJ2A0 Ul SINSaJ 1uawilea Suisealdul 'diysuone|al || 2yl sl aull pijos ay] ‘(sj21ed paumo-Aj@1eaiud uo paziuond syuswiealy 1o
quawade|d Juswiealy u Auond ou) opeusds Aond UsWILa) PUB (S9JDe Ot pUe S9IDe (1) 3ZIS 1UsWIea.) ueawl Aq (o) 3zIS aJ1) pa1eal) pue aul[3seq Jo UoiNgsIp uof ' 9S4

SPATIAL INFORMATICS GROUP '1

(pajean; %0) suljeseg (pejeau} %0) suljeseq (pajean %,0) suljeseg (pajeas; %0) suleseg
00054 0000L 0005 0 00054 0000} 0005 0 00054 00004 0005 0 00054 0000L 0005 0
. - -0 - -0 . L’ -0 e -0
o o I3 IS
Q I 2 <
-0005 X -0005 X 0005 X 0005 X
= o = o
o I} ) o
D ) @ D
@ @ [9) 1]
-00001 < -00001 & -0000L & -0000L &
pajeau} %09 :(oe) azis aug pajeau} 9,66 :(oe) azis aig pajeasy 9,05 :(oe) azis aiig pajeasy %Gy :(oe) azis auig
(pajean; %0) suljeseg (pejeau} %0) suljeseq (pajean %,0) suljeseg (pajeas; %0) suleseg
00054 0000L 000§ 0 00054 0000L 0005 0 00051 00004 0005 0 00054 0000L 0005 0
-0 — 0 g -0 : e -0
paznuoud 8jeAld ==
Auond oN — W % % %
Ayoug 000§ 3 -000S -0005 R 0005
= =3 = =
o8 0 — @ @ @ o]
oe QL — D 8 o 2
azISUBB -0000+ & -0000L 8 -0000L @ -0000+ &
pajead} %0p :(oe) azis aug pajeau} %,6¢ :(oe) azis aag pajeasy %,0¢ :(oe) azis ailg pajeasy %Gz :(oe) azis auig
(pajean; %0) suleseg (pejean; %0) suleseq (pajean %,0) suljeseg (pajeau; %0) suleseg
00051 00001 0005 0 00051 0000} 0005 0 0005+ 00001 000§ 0 00051 00004 000§ 0
™ 0 o0 a0 a0
] o =) &
-0008 2 -0005 ¢ -0005 3 -000S m
3 3 8 g
D 2 @ =
-0000} @ -0000} @ -0000L @ -0000}
Q Q Q
00051 -00051 -00051 r00051
pajead} %0z :(oe) azis aug pajeas} %G| :(oe) azis aag pajeasy %0} :(oe) azis aig pajeas} 9,6 :(oe) azis aig

DEVELOPING AN APPROACH TO MODEL FIRE RESILIENCY THROUGH FUEL TREATMENTS AT THE LANDSCAPE LEVEL

AFF REPORT:



<’z

Spatial
Informatics
Group

re

Q

SPATIAL INFORMATICS GROUP 'Y

‘341 UMOJD JU32J9d J9MO] [|BISAO Ul SINSaJ 1uswieasl Suiseasnul -diysuoneal |:| 9yl St aul pijos ay/ ‘(sj92Jed paumo-Aj1eaiud uo paziuopd siuswieasd Jo quswsdeld
Juswieal Ul Aypod ou) opeuads AyJold JusWwieall pue (S3Jde O PUB SaJde () 9ZIS JuswieaJl ueaw Ag JuadJad aJi) UMOJD p1eaJ) PUB aUl|9seq JO UoRNGLIISIP JUlof °G 9Jn3i4

(payeen %0) suleseg (peyean %0) suleseg (perean %0) aulleseq (perean %0) auljeseg
08 09 oy 0z 0 08 09 oy 0z 0 08 09 o 0z 0 08 09 oy 0z 0
s 0 . -0 . zage” -0 . -0
-0 o» -0Z ;o -0Z i -02 »
o [3)] o (3]
X X 2 =
-0F = -0V = -0V = or =
@ (o] (o] [
D ] ] 1
098 <09 & 09 8 098
-08 -08 -08 -08
pajeal} %09 :(%) 2413 umoin pajeal} %66 (%) 2413 umoan pajean} %06 :(%) 2413 umoin pajean} %Gt (%) a4 umoid
(pajean %0) suleseg (pajean; %) suleseg (pajeay; %0) suljeseg (pojean %0) auleseq
08 09 oy 0z 0 08 09 oy 0z 0 08 09 4 0z 0 08 09 oy 0z 0
-0 -0 . -0
paznoud ayenld - -
Ayuoud oN — -02 & -0Z w -0Z ™
Auoud m % M
azISUES)\ 098 098 098
-08 -08 -08
Pajeas} %0y (%) 2414 umoun pajead} %S¢ (%) 2413 umoan pajean} %0€ (%) 2413 umoay pajeas} %Sz (%) 2413 umoid
(pajean %0) sulleseg (pajeal %0) suleseg (pajeay %0) suljeseg (pajean %0) auleseg
08 09 oy 0z 0 08 09 oy 0z 0 08 09 oy 0z 0 08 09 oy 0z 0
-0C ¢
N
or g
1
098
-08
pajeas) %02 (%) a4 umoid pajeas) %G| (%) 241y umoin pajean} %01 :(%) 241 umoid pajeal} %G :(%) a1y umoid

14

DEVELOPING AN APPROACH TO MODEL FIRE RESILIENCY THROUGH FUEL TREATMENTS AT THE LANDSCAPE LEVEL

AFF REPORT:



<’z

od

Spatial
Informatics
Group

Y7

SPATIAL INFORMATICS GROUP '1

"YISUS| SWIB|) UBSW IBMO] [|BJDA0 Ul SINSaJ 1UaUIea.) Suisealdu| "diysuoneal || 3yl St aul| pijos ay] ‘(sj9aJed paumo-Aj@1eald uo paznuond siuswiesly Jo quawadeld
Juswiea.] ul Auond ou) opeuads Auold JUsWIeaa) pUe (S940e Of pue S (1) 9ZIS 1UaWileal) ueawl Ag L1Sus| aWwe|j uesw pa1easl pue auljaseq Jo uonngiiasip 1Uiof g a1n8i4

(pajeau; %0) suljeseg (pejeai} %0) suljeseq
oy 0¢ 0z oL 0 oy 0€ 0z ol 0

-0 -0
-0l @ -0L o
o a
& &2
- o~
-02 @ -02 3
=% 2
[0} @
06 & -0e
-0p -0
pajeal3 4,09 :(3) yibual sweyy ueay pajeal} %gg : (1) yybus| aweyy uesy
(pajeau; %,0) suljeseg (pejeau} %0) suljeseq
oy 0g

0z o 0 oy e 0z oL 0

paziuoud ajeaud - -

Aoud oN — -0l W L %
fyoud N R
- o
o8 OF — 0 g g
2B QL — 2 =8
[0} @
oazisues|\ 08 & Nilox=%

-0p -0

pajeas; 4,0p :(3) yibual sweyy ueay pajeal} %ge :(1) yybus| aweyy uesy
(pajeau; %,0) suljeseg (pejeau} %0) suleseg
oy 0¢ 0z ok 0 oy 0 0z ol 0
S -0 -0

RN 0L =
o (%)}
ES B
- o~
0z 3 =
2 =8
[0} @
06 & -0e 2

-ob -ov

pajea %02 (i) uibua| aweyy ueay pojeal) %S| (1) yibua| awey ueay

oy

oy

pajeau; 9,0) auljeseq
%

o8 0z ol 0

pajeal} %08 ‘(1) ybus| aweyy uesy

(porean %0) suneseg
o 0z ol 0

Pajeal} %0¢ (1) yybus| aweyy uesy

pajeau; 9,0) auljeseq
%

0 oz oL 9

pajeal) %01 (1) ybual sweyy uea|y

oy

(pojeas %0) sulleseg
0e 0z o 0

oy

oy

pajeas} %6y (1) ybus) sweyy uesy

(pojea %0) suljeseq
0e 0z o 0

Pajeas} %5 (1) ybus) sweyy uesy

(pejeas %,0) suijeseq
(i3 0z oL 0

pajead %S (1) yibual aweyy ueay

S}

-0

15

DEVELOPING AN APPROACH TO MODEL FIRE RESILIENCY THROUGH FUEL TREATMENTS AT THE LANDSCAPE LEVEL

AFF REPORT:



<’z

.

Spatial
Informatics
Group

V7

SPATIAL INFORMATICS GROUP ’Y

‘Risusiul
SUI[2J1} UBSW JSMO] [|BJDAO Ul SYNSaJ 1uawieall Suisealdu| 'diysuonelal || syl sl aul| pljos syl (S|@2Jed paumo-Aj@1ead uo pazpuiond siusuiesny 1o quswade|d Juswiesl
ul Aond ou) opeuads Alond uawilea ] pue (Salde O pue saide (1) 3zIs Juauilea ) ueall Aq AlISuaiul auljaJl) UBSW Paleas] pue auljaseq Jo uonnguisip Julof 2 aInSi4

(pere®n %0) suleseg (peyean %0) sulleseq (peyeen; %0) suleseq (petean %0) suleseq
ooom_\ oooo_\ Qo.om o ooomf ooocf 0005 0 ooomf oooof oo,om. 0 ooomf oooof oo,om 0

-0 -0 -0 ; 0
0005 -000s & 0005 & 0005 &
B3 R X X
-0000L § -00001 -0000L § -00004 §
T @ @ @
o (o} o Q.
-00051 -0005} -00051 -0005}
pajeal) %09 :(y/09s/mig) 114 uea pajeal) %gs :(y/oas/mg) 114 uealy pajeal; %06 :(4/oas/ma) 114 uesiy Pajeal) %gp :(40as/mg) 114 uealy
(pajeany %,0) auljeseg (peleal) %0) auljeseg (peyean; 9,0) auljoseg (pajeasy %) auljeseg
00051 00001 0005 0 00051 0000} 0005 0 0005 0000} 0005 0 0005 00001 0005 0
wa— -0 w0 w0 w0
paziuoud ajeAud - -
Auoud oN —
fou -0005 S 0005 & -000s & -0005
Hotd R X 5 X
= = = =
o mw N -00001 & 0000} B -0000+ -0000+ &
T T 5] )
azIgueap Q o [<% Q.
-0005} -0008+ -0005+ -0008+
pajeal) %0p :(y/09s/nig) 114 ueaiy pajeas) %g¢ :(y/oas/mg) 114 uealy pajeal %0¢ :(4/o0s/ma) 14 uesiy pajeal} %6z :(4oos/ma) 14 uesiy
(pajeay; %) sujeseq (pajeay 9,0) suljeseq (payea 9%0) auljeseq (pejean %0) euljeseq
00054 00004 0005 0 00051 00004 0005 0 00054 00004 000$ 0 00054 00004 0005 0
L 0 w0 . 0 . 20
n - _
0005 & -000S G 0005 S -0005 @1
R X 5 o=
= = =4 I
-00004 § -0000} § -00004 § -0000} 8
@ @ @ g
o o o
-00051 -000S1 -0005+ -0005}
pajeal) %0z :(y/09s/mg) 114 uea pajean) %gl :(yjoas/ma) 114 uea pajean %0} :(4/00s/ma) 14 uesiy pajeas %g :(yoes/ma) 14 ueaiy

16

DEVELOPING AN APPROACH TO MODEL FIRE RESILIENCY THROUGH FUEL TREATMENTS AT THE LANDSCAPE LEVEL

AFF REPORT:



<’z

Ve
SPATIAL INFORMATICS GROUP ~ ® Y Spatial
Informatics
Group
% ignitions with >5% reduction in fire size % ignitions with >20% reduction in fire size
40- 40-
@ 30- @ 30-
[ <
K] K]
Z S
= k=3
& 20 = 20-
o o
® ES
10t 10
0 0 MeanSize
5 10 15 20 25 30 35 40 45 50 55 60 5 10 15 20 25 30 35 40 45 50 55 60 = e
% area treated % area treated = on
% ignitions with >50% reduction in fire size Priorty
— N0 prierty
[EpS—
40-
@30
K]
‘c
2
& 20
o
B
10-
o

5 10 15 20 25 30 35 40 45 50 55 60

% area treated

Figure 8. The percent of ignitions with a reduction in fire size (ac) of at least 5%, 20%, and 50% by mean treatment size (10 acres and
40 acres) and treatment priority scenario (no priority in treatment placement, or treatments prioritized on privately-owned parcels).
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Figure 9. The percent of ignitions with a reduction in crown fire percent of at least 5%, 20%, and 50% by mean treatment size
(10 acres and 40 acres) and treatment priority scenario (no priority in treatment placement, or treatments prioritized on private-
ly-owned parcels).
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Figure 10. The percent of ignitions with a reduction in mean flame length (ft) of at least 5%, 20%, and 50% by mean treatment size (10
acres and 40 acres) and treatment priority scenario (no priority in treatment placement, or treatments prioritized on privately-owned
parcels).
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Figure 11. The percent of ignitions with a reduction in mean fireline intensity (Btu/ft/sec) of at least 5%, 20%, and 50% by mean treatment size (10
acres and 40 acres) and treatment priority scenario (no priority in treatment placement, or treatments prioritized on privately-owned parcels).
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Discussion

This study suggests that treatment is beneficial even if it is not planned with specific prioritization
goals in mind. Overall, we found that increased treatment intensity consistently reduced fire behavior
across the landscape, in both treated and untreated cells. While not surprising, this result confirms
that if the goal is to reduce fire behavior, managers should treat as much area as possible. We did not
find that there was an inflection point at which the benefits of increased treatment intensity satura-
ted. It is possible that this may occur at treatment intensities greater than 60%, but it is unlikely that
more than 60% of a landscape would be treated with a moderate fuels reduction treatment. Rather,
the results of this study suggest that if the management goal is to reduce fire behavior, managers
should strive to treat as much acreage as possible. Additionally, we found that the treatments replica-
ted their impact in the untreated areas when looking specifically at CBP. Importantly, we performed
these simulations under 98th percentile weather conditions, so these results reflect fire behavior
that would be expected even under weather conditions more severe than those for which the treat-
ments were designed. It is also worth noting that fuels treatments are typically designed to facilitate
fire suppression and reduce a fire’s damaging effects on both the built and natural environments.
These goals can be achieved primarily by reducing flame lengths and secondarily by slowing, althou-
gh not necessarily stopping, a fire’s rate of spread. To some extent, then, a comparatively minimal
effect on mean fire sizes between scenarios is not unexpected.

We found that the treatment priority scenarios had a greater effect of fire behavior reduction than
the treatment size scenarios. That the Mean10 and Mean40 scenarios were quite similar implies that
when treating areas randomly across this study area, treatment is relatively as effective at reducing
fire behavior regardless of whether 10 acre parcels are treated or treatments are bundled across
multiple parcels. While the effect was slight, the Mean40 scenarios were consistently more effective
at reducing fire behavior compared to the Mean10 scenarios (Figure 1). Thus, if possible, treatments
should be bundled, but if there is an increased cost associated with working to ensure landowner
buy-in across multiple small parcels, the effort may be better spent increasing treatment acreage. In
the future, we plan to test Mean100 and Mean500 scenarios to gain a better understanding of whe-
ther treatment size has a greater effect if treatments are larger. Typically, on public lands, treatments
would not be as small as 10 or 40 acres, but this treatment size would be typical of treatments on
smaller, privately-held parcels.

There are some caveats regarding the treatment priority scenarios worth mentioning. First, it is diffi-
cult to account for the interacting effects of land ownership and vegetation type. The private parcels
are primarily in the southern and western portion of the study area, which due to the orientation of
the Sierra Nevada range are lower in elevation and consist of more grass-shrub and shrub fuel types
than the public lands, which are located at higher elevations with predominantly timber litter and
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timber-understory fuel types. Additionally, the spatial arrangement may contribute to the different effect of the ‘no
priority’ and the ‘private prioritized’ scenarios on reducing fire behavior. In the ‘no priority’ scenario, treatments are
located throughout the treatment area, while in the ‘private prioritized’ scenarios, they are clustered in the private
parcels (Figure 2). Additionally, this workflow simulated only one spatial arrangement of treatment plots for each of
the four treatment size by treatment ownership scenarios. As a result, we are not able to draw conclusions about the
effect of randomization of treatment placement, but we do note that fire behavior metrics were reduced when treat-
ment location was not selected to optimize treatment effectiveness. We plan to test additional randomized location
scenarios in future work in addition to testing larger mean treatment sizes.

The comparison in CBP between the four scenarios is interesting because it implies that the effect of treating across
the landscape translates to untreated cells as well, as we saw similar patterns between the study area as a whole and
the untreated cells (Figure 12). The difference in the proportion of cells where treatment CBP was reduced as compa-
red to baseline CBP between the ‘no priority’ and the ‘private prioritized’ scenarios is also notable. For the 5%-35%
treatment intensity scenarios, the ‘private prioritized’ had a greater proportion of cells where treatment CBP equals
baseline CBP and a smaller proportion of cells where treatment CBP < baseline CBP as compared to the ‘no priority’
scenarios. This is likely due to the spatial clustering of the treatments, so that the simulated ignitions burned simi-
larly in the public lands where no treatments were simulated in the ‘private prioritized’ scenario. This implies that
clustering treatments may have a more limited effect on reducing fire behavior as compared to distributing them
more evenly across the landscape.

We found that CFL was generally quite high across the landscape, with the greatest proportion of cells in the >12 ft
CFL bin for each scenario tested. The simulated treatments reduced the proportion of cells in the highest CFL bins,
but the lower flame lengths remained the same. This indicates that the treatments are capable of reducing flame
lengths that are most likely to impact structures and infrastructure, however, the proportion of high flame lengths
even in the highest treatment intensities implies that forest thinning alone is likely not enough to systematically
depress flame length in this study area should a fire occur during 98th percentile weather conditions. The spatial pa-
tterns of CFL are relatively similar between the four treatment scenarios, but looking at the spatial patterns may help
managers make decisions regarding the protection of high value resources and assets (Figures 15-18).

A cost-benefit analysis would be a logical next step toward determining a realistic treatment acreage goal that incor-
porates real-world constraints on treatment location as well as costs, to determine the treatment intensity at which
benefits can be maximized and costs minimized. The Sonora fireshed is typical of foothill areas throughout the Sierra
Nevada, in that privately-owned parcels comprise the lower elevation zones and the higher elevation areas are com-
posed primarily of public land. This study implies that incentivizing public-private partnerships to treat across this
elevation gradient is likely to result in increased benefit of fuels reduction treatments throughout the Sierra Nevada
region.
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Figure 15. Conditional flame length across the study area for the Mean10, private prioritized, 0%, 30% and 50% treated scenarios.
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Figure 16. Conditional flame length across the study area for the Mean10, no prioritization, 0%, 30% and 50% treated scenarios.
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Figure 17. Conditional flame length across the study area for the Mean40, private prioritized, 0%, 30% and 50% treated scenarios.
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Figure 18. Conditional flame length across the study area for the Mean40, no prioritization, 0%, 30% and 50% treated scenarios.
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