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Executive Summary

This report presents an assessment of the potential generation and transport of embers (aka firebrands) due to
wildfires across Ventura County. The purpose is to better understand and model the potential threat of embers
at a more granular and localized-level (e.g., vegetative fuel conditions and topography) to help inform potential
modifications to the fire hazard severity zone maps produced by CAL FIRE, expand locally defined wildland-
urban-interface (WUI) areas, and increase public education and awareness of potential ember exposure in the
built environment.

Thus, this report documents the ember cast modelling approach, key assumptions and input data, and analysis
results, which includes a map of the relative likelihood of ember exposure across the County. The assessment
was conducted using three distinct models — each capturing unique physical phenomenon of ember generation
and transport during extreme weather conditions. Fire model parameters include vegetative fuel loads, fuel
moistures, typical and extreme weather scenarios, and structure locations. The evaluation includes countywide
analyses, as well as specific wildfire scenarios in key locations. The three models are integrated to produce a
single, countywide ember exposure layer to identify areas that are more likely to be exposed to firebrands in a
wildfire incident.

Funding for this project provided by the Ventura County Fire Department
(VCFD), as part of a multi-year, multi-project effort with the Ojai Valley
Fire Safe Council and the Ventura County Wildfire Collaborative (VCWC)
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1.0 Introduction

This report presents an assessment of the potential generation and transport of embers due to wildfires across
Ventura County. The purpose is to better understand and model the potential threat of embers at a more
granular and localized-level (e.g., vegetative fuel conditions and topography) for multiple fire scenarios to inform
potential modifications to the fire hazard severity zone maps produced by CAL FIRE, expand locally defined
wildland-urban-interface (WUI) areas and increase public education and awareness of the extent of potential
ember exposure into the built environment.

The following sections document the modelling approach, key assumptions and input data, and analysis results.

1.1 GENERAL BACKGROUND

Ventura County and surrounding areas have an extensive history of large wildfires that have caused substantial
impacts to human health and life safety, the built environment, local economies, the natural environment, and
cultural/historical resources. According to CAL FIRE’s Fire Hazard Severity Zone (FHSZ) map, as shown in
Figure 1, most of the County is considered to be high to very high FHSZs. This would also include federal lands,
which are not classified using the CAL FIRE system, but are also considered to be very high.

e ~ FRA

\ SRA
Very High
0 High

Moderate
LRA
W Very High
% High
% Moderate
Il Urban Unzoned
[ Non-Wildland/Non-Urban

Figure 1: Fire Hazard Severity Zones for Ventura County (2008 SRA, 2010 LRA version).

While most of the county is in high fire prone areas, some parts of the county (mostly the more urban areas) are
considered moderate or no risk of wildfire. This assumption, however, is under-conservative as the CAL FIRE
maps do not incorporate detailed modelling of ember generation and transport, particularly at a granular, local
level where fine-scale topography, fuel models, wind fields, and presence of structures can markedly influence
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exposure. Empirical evidence, as well as anecdotal accounts of past catastrophic wildfire incidents have
indicated that embers can travel 100s to 1000s of feet beyond the flame front [1]. The potential for large ember
travel distances presents a hazard to structures that may otherwise be perceived as “not in the WUI” or not at
risk to wildfire threats. Thus, the analysis in this report is intended to understand and model the potential threat
of embers to better inform potential spotting distances of wildfires at a more granular and localized-level.

2.0 Methodology

2.1 OVERVIEW

To better understand the potential generation and transportation of firebrands, three different models were
proposed to evaluate (1) ember generation from vegetative fuels, (2) ember generation from structures, (3). and
ember generation from vegetative fuels using high-resolution wind fields. These three models are as follows:

+ Model 1 (“Ember Generation from Vegetation”): Simulates ember cast across the entire County using
prescribed vegetative fuel and wind field layers.

+ Model 2 (“Ember Generation from Structures”): Simulates ember cast from structures based on a prescribed
wind field.

+ Model 3 (“Ember Generation with Detailed Wind Field”): Simulates ember cast resulting from the
propagation of a set of single point fire scenarios given detailed wind fields.

Model 3

Model 1 Model 2
Embercast Integrated
Embercast Embercast With Embercast
From From Detailed Model
Vegetation Structures Wind Field

Figure 2: General Modelling Approach for Developing a Countywide Embercast Map

Given the distinct analytical purpose of each of these models, an integrated approach was used to develop a
comprehensive understanding and spatial distribution of potential firebrand exposure across the County. This
integrated approach and the interrelationships between the three models to the final outcome are discussed in
Section 4.4,
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A summary of each model, the key inputs, and outputs is provided in Table 1. The following subsections
describe the technical approach of each model.

Table 1: Model Summaries

Summary

Key Inputs

Key Outputs

detailed weather
model

Ignition point(s)

Model 1 Ember Simulate fireline Vegetative fuel map Fireline intensity
Generation from intensity
Vegetation simultaneously across Wind velocity Ember cast
entire spatial domain (uniform or gridded) distance
without regard to .
. Fuel moisture
adjacent nodes
Model 2 Ember Simulate transport of Wind speed Ember cast
Generation from | firebrands originating (uniform) distance
Structures from burning (probability
structures Roof surface area distribution)
Model 3 Ember Simulate the spread of Vegetative fuel map Fireline intensity
Generation with | one or more localized
Detailed Wind | fires while coupling fire Date range for Wind velocity field
Field behavior with a weather recreation

2.2 MODEL DESCRIPTIONS

This section provides a brief technical description of each of the three models used in this study. Key

assumptions and input data are summarized in Section 3.0.

2.21 Model 1 (Ember Generation from Vegetation)

To evaluate the potential spotting distance of embers originating from vegetative fuels, Model 1 was developed

using FlamMap - a fire behavior model developed by the USFS to simulate potential fire behavior
characteristics under constant environmental conditions (weather and fuel moisture). The key fire behavior
influencing ember generation and spotting distance due to vegetation is fireline intensity, which is the heat
release rate per unit area (i.e., the perimeter of the fire). Fireline intensity, along with the burn duration of the
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fuel, produces a buoyant updraft. A greater intensity and/or burn duration produces more buoyancy, resulting in
higher lofting.

To calculate fire intensity, FlamMap uses wind speed and direction, slope, aspect, fuel type, and fuel moisture at
each point in the simulation domain independent of other adjacent nodes [2]. This means that the model does
not simulate fire spread, but rather determines likely conditions if a wildfire were to reach a specific location of
interest. The weather conditions in FlamMap (wind speed, wind direction, and fuel moistures) may either be
specified as globally uniform or provided as gridded rasters. Both approaches were utilized, with uniform winds
specified for preliminary Model 1 results while gridded winds were used to produce the final ember exposure
map.

The FlamMap ember cast distance model, visualized in Figure 3, is described by two components: loft height
and transport during descent. Loft height is based on the local fuel load and fireline intensity and is important as
a higher loft height coupled with higher horizontal wind speed results in farther ember travel.

Firebrand factors

affect lofting height ~ Firebrand size

| affects burnout
[/ time

20 ft

. wind

Vegetation factors |
affect lofting
“intensity”

Factors Affecting Spotting

Figure 3: Conceptual firebrand transport from vegetative fuels

While FlamMap has a built-in ember transport model, it is primarily designed to model transport from canopy
fuels such as trees. As the vegetation in Ventura County consists primarily of grasslands and shrublands (e.g.,
chaparral), Jensen Hughes developed a custom computer model based on the framework described by Albini
and Chase [3], [4] to calculate the ember cast distance for these fuels. The customized model uses the fireline
intensity calculated from FlamMap and the individual factors related to surface (e.g., grass/shrublands) and
canopy fuel types to compute the ember cast distance. The cast distance is considered to be the maximum
between the value calculated based on the surface fuel and canopy fuel models for a specific location.

2.2.2 Model 2 (Ember Generation from Structures)

Model 2 simulates the transport of firebrands originating from burning structures using a subcomponent of the
Streamlined Wildland-Urban Interface Firebrand Transport (SWUIFT) framework by Masoudvaziri et al [5]. In
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this framework, visualized in Figure 4, the number of firebrands generated by a structure is approximated based
on the surface area of the roof and the wind speed as key components. The downwind travel distances of
firebrands are characterized using a lognormal distribution (Equation 1). For this study, the travel distance of
structurally seeded firebrands was assumed to be uniformly assigned as the 99.9t percentile (one in one-
thousandth) for a given wind speed.

_ 1 _ (ln[x]_ﬂx)z
p(x) = X021 €xp ( 202 )

33.048 1 33,048 1
] © Fuel Models:
3 ©
‘::_, .:__! structure
© 33.044 1 T 33.044 1 vegatation
- noncombustible
33.040 1 FRESE 33.040 1
417.060  -117.055  -117.050 -117.045 17060  -117.055 -117.050  -117.045
Longitude Longitude
A) B)

Figure 4: Example fuel model inputs to SWUIFT model A) aerial image and B) rasterized layer [5]

2.2.3 Model 3 (Ember Generation with Detailed Wind Field)

To evaluate the propagation of embers given a set of single point source fires using fine-scale wind fields, Model
3 was undertaken using WRF-SFIRE, a fork of the Weather Research Forecasting model [6], [7]. In this model,
fire spread and local wind fields are simulated in parallel, with two-way interactions occurring between the two
modules. The surface fire spread is determined using Rothermel’s levelset method. WRF-SFIRE also contains a
firebrand transport module in which the loft height of each brand is randomly determined based on a user-
specified upper limit. After a few initialization timesteps in which the firebrand is allowed to gain momentum, the
particle is dropped to the surface. In this stage of transport, vertical motion is determined by buoyant updrafts
and gravity while horizontal velocity is equal to the local horizontal wind velocity. A diagram summarizing the
stages of firebrand transport in WRF-SFIRE is shown in Figure 5.
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WRF-Fire
Rate-of-spread Firebrand Generation
Fuel
Transport & Physics
WRF-ARW
Atmospheric Lagrangian » Bu';;nout
State Advection & 4l Velocity
WRF-Fire
Fuel Landing

Figure 5: WRF-SFIRE firebrand transport scheme [8]

3.0 Key Modelling Assumptions and Input Data

As described in Sections 1 and 2 above, three different wildfire behavior models have been performed to
estimate embercast behavior characteristics. There are three main categories of inputs to fire behavior
modeling: weather, fuels, and topography. These inputs are described in more detail below.

3.1 VEGETATIVE FUEL CHARACTERISTICS

The key characteristics of vegetative fuels that affect fire behavior include fuel type, fuel moisture, fuel loading,
chemical properties, horizontal continuity, and vertical arrangement. These characteristics are combined to
create fuel models that describe fire behavior when used in combination with weather and topography.

3.1.1 Fuel Types / Fuel Models

Classification of fuels for wildfire modeling is typically defined using either the Anderson 13 fuels model or the
Scott and Burgan 40 fuels model [9], [10], as provided by LANDFIRE [11]. For this analysis, two fuel layers were
used: (1) the 2014 Scott and Burgan 40 fuels model and (2) 2022 Anderson 13 fuels model. The 2014 Scott and
Burgan 40 fuels model was chosen for Model 1 and for the integrated model as a representation of long-term
fuel loads with maximum granularity in fuel types; while the 2022 Anderson 13 fuels model was chosen for
Model 3 to simulate near-term conditions. In addition, WRF-SFIRE only natively supports the 13 fuels model,
which is why it was used for Model 3 instead of the more granular 40 fuels model. As a large portion of the
western county are still in recovery post-2017 Thomas fire, there are significant differences in fuel conditions
between 2014 and 2022, as seen in Figure 6. These differences are due, in part, to the effects of the Thomas
fire, but also a number of variables that can impact vegetative conditions. As seen in the footprint of the Thomas
fire, the long-term “Very High Load — Dry Shrub” in 2014 (pre-fire) is currently only a “Moderate Load — Dry
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Shrub” in 2020 (post-fire). A summary of the predominant fuel types for each year are also shown in the figure,
with representative burn properties of the fuel types shown in Figure 7.

TR

=1 Thomas_Fire_Peri

Urban
Water
low load, dry grass
. low load, dry grass-shrub
. Moderate load, dry grass-shrub
Moderate load, dry shrub
High load, dry shrub
I very high load, dry shrub

102 (low load, dry grass) 24% _-

147 (very high load, dry shrub) 9% 142 (moderate load, dry shrub) 10%
91 (urban) 8% 102 (low load, dry grass) 9%
142 (moderate load, dry shrub) 8% 91 (urban) 9%
58 (vater) B i (owioad dygrssshu) %
other 19% 98 (water) 6%
other 17%

Figure 6: Scott and Burgan 40 fuels from 2014 and 2022 with Distributions of Major Fuel Types

Fuel Type ROS, Flame
chains/h. Length, ft.

102 (low load, dry grass) 19.8

142 (moderate load, dry shrub)

147 (very high load, dry shrub) 322 13.3

Figure 7: Rate of spread and flame length of various fuel types under the given conditions: 5mph wind
speed, DFMC of 8%, and LFMC of 100%.
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3.1.3 Fuel Moisture

Fuel moisture is a dynamic variable controlled by seasonal and daily changes in the weather and is a key
component influencing wildland fire behavior. Simply stated, vegetation is most flammable when fuel moisture
levels are low and less flammable when they are high. Fuel moisture levels will largely determine if a fire will
ignite and spread. Fuel moisture content (FMC) is defined as the ratio of moisture mass to dry fuel mass,
expressed as a percent [12].

In both Model 1 (Ember Generation from Vegetation) and Model 3 (Ember Generation with Detailed Wind Field),
the FMC is prescribed for each of several moisture classes. The classes, which are 1 hour, 10-hour, 100-hour,
live herbaceous, and live woody, correspond to fuels of various sizes of vegetation. For the simulations in this
study, the prescribed FMCs are reported in Table 2. These moisture content values represent the 97t percentile
lowest FMC for each class based on historical measurements taken from the Rose Valley and Casitas Remote
Automated Weather Stations (RAWS) between 2002-2022. These FMCs were held constant across wind
conditions.

Table 2: Fuel Moisture Contents

Fuel/Weather Inputs 97" Percentile

1 Hour Fuel Moisture % 2
..J0HourFuelMoisture % 8
o JOO HOUr FUCI MOISIUI® %o e e

Herbaceous Fuel Moisture % 30
....Woody Fuel Moisture% . €0 .

20-ft Wind Speed Direction SW

20-ft Wind Speed MPH 13

Note: Live fuel moisture of 60% or below is a “critical” threshold where live fuels display similar burning
characteristics as dead fuels.

3.2 WEATHER CONDITIONS

Weather is the most variable element of the wildland fire environment. Important components of fire weather
that influence fire behavior are temperature, relative humidity, precipitation, wind, and atmospheric stability. All
of these elements have the potential to enhance or retard wildfire spread and intensity.

Wind speed is one of the most significant factors driving wildfire intensity. As illustrated in Figure 8, surface
winds deflect flames towards the ground in the direction that the wind is blowing. A greater wind speed results in
a smaller angle between the flame and the downwind fuels, resulting in more intense radiation which ultimately
increases the rate of fire spread. Therefore, the worst-case wind conditions assumed in the analysis will have an
impact on the results of each simulation.
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Salid mass transport —-.._ﬂ

Convection

Flame contact—s& "y _‘i -—1
_____..-/_" Internal radiation

& convection

Indraft / \ Indraft

——= Internal radiation
s & convection

A) B)

Figure 8: Surface fire spread under A) calm conditions and B) significant surface wind [13]

For Model 1, the two scenarios considered used uniform wind velocities of 40 mph from the northeast and 20
mph from the southwest respectively, as discussed in section 4.1.

To develop the detailed wind field for Model 3, two weather conditions were considered (Table 3):

+ Weather Condition 1 — The first was an extreme fire-season scenario representing a near worst-case
situation with Santa Ana winds blowing from the Northeast. This scenario is based on Thomas Fire
conditions with a start date of December 4th, 2017.

+ Weather Condition 2 — The second was a more moderate, shoulder season condition with predominantly
onshore winds.

Table 3: Weather conditions for Model 3

Weather - Anticipated Median
Condition Description Start Date Wind Speeds, mph
Santa Anta Winds
I (Thomas fire 2017-12-04 50
conditions)
Il Shoulder Season 2021-08-16 15

In both conditions, a detailed flow field across the entire county was obtained by recreating a specific event in
WRF. This was done by obtaining initial and boundary conditions from the Global Forecast System’s (GFS) final
(FNL) gridded analysis datasets [14]. A single frame of wind velocities from each weather condition is shown in
Figure 9. The two detailed wind fields obtained from WRF were also used for Model 2 and the integrated model.

From these weather simulations, gridded surface winds were obtained at a 20-minute frequency. The median
and 97 percentile surface wind speeds were calculated from these output frames and are shown in Figure 10.
The median and 97" percentile wind speeds from each weather scenario are comparable to the historically
observed sustained wind speeds and gusts respectively [15].
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Figure 9: Wind field at end of simulation for A) weather condition | and B) weather condition Il
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Figure 10: A) Median and B) 97" Percentile wind speeds for each domain / weather condition
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3.3 STRUCTURE LOCATIONS

A geospatial layer of structures in and around Ventura County was obtained from Microsoft’s building footprints
product [16]. From this layer, the centroid of each structure was derived and is shown in Figure 11. This
structure layer was used to identify single-fire source points for structurally generated firebrands for Model 2 as
well as to identify structures within a given exposure zone.

® Ojai_Area_Structures_Centroid

Figure 11: Structure locations

o o .
H‘.T‘r 5
. g -;.f i

R ey 7 [ venco
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3.4 SPATIAL DOMAINS

The spatial domains for Model 1 and Model 2 are countywide, while for Model 3, the domain was restricted to
one of six regions, shown and listed in Table 4 and Figure 12 respectively. The dimensions of each of these six
domains was 12 km x 12km. The locations of these domains were selected in consultation with the client. Each
area was considered of particular interest due to one or more of the following reasons: (1) proximity to the
boundary of existing FHSZ, (2) presence of large natural fire breaks that may be crossed by firebrands, (3)
proximity to one or more population centers, and (4) areas that are currently considered as high-risk.

Table 4: Spatial domains for Model 3

Ignition Point
(Long, Lat)

Weather Condition

(-119.214064 34.339123)

Spatial Domain ID Location
1 Ventura
2 Piru
3 Santa Paula
4 Moorpark
5 Simi Valley
6 Thousand Oaks

(-119.018522 34.152566)
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Figure 12: Spatial domains for Model 3 embercast simulations

4.0 Detailed Model Workflows and Integrated Approach

This section describes in greater detail the application of each model (i.e., Models 1-3) and the approach for
integrating these models to characterize the spatial extent and likelihood of embercast across the county.

41 MODEL 1 — EMBER GENERATION FROM VEGETATION

Model 1 was used to determine county-wide ember exposure from vegetative fuels in two distinct cases. In the
first case, fireline intensity was simulated across the entire county using FlamMap. The FlamMap inputs were as
follows: 2014 40 fuels model, fuel moistures listed in Table 2, and 40 mph winds from the northeast. The
specified wind velocity was chosen to match observations made during the Thomas fire and was applied
uniformly across the domain.

The fireline intensity obtained from FlamMap was then passed to the vegetative fuel ember cast distance
calculator (see Appendix A) to obtain cast distances for each node. Finally, this cast distance was used as an
input to the ember exposure calculator (see Appendix B) to obtain the relative risk of ember exposure across the
county.

The above simulation approach was then repeated for the second case, but by changing the uniform wind
velocity to 20 mph from the SW, resulting in a second exposure probability map.
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4.2 MODEL 2 - EMBER GENERATION FROM STRUCTURES

In this simulation, model 2 was used to determine the areas exposed to firebrands cast from structures. First,
the down-wind cast distance probability distribution was calculated using weather conditions | and Il (those
obtained from WRF — see Section 3.2). The resultant distributions are shown in Figure 13. Then, the 99.9th
percentile cast distance was used to seed embers at each structure in the county. From these structural
firebrands, exposure was determined using the procedure described in Appendix B. Cast distance and exposure
were determined separately for each weather condition and the resulting exposures were added to obtain a
single layer.

—— Weather Condition |
10714 Weather Condition Il
1073 4
>
£
o)
(0]
£ 1075 -
e
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1077 4
10—°

0 560 10|00 15|00 2000 2500 3000 3500 4000 4500
Distance, m.

Figure 13: Cast distance probability distribution for structural firebrands

4.3 MODEL 3 - EMBER GENERATION FROM DETAILED WIND FIELD

Using model 3, a detailed fire spread simulation was conducted for each of the 6 cases listed in Table 4. In each
case, five nested domains of sequentially increasing resolution were constructed, telescoping inward with each
domain centered around the ignition point. The size and resolution of each domain is listed in Table 5. The
weather model was active across all five domains, while the fire spread model operated only in the innermost
domain. Therefore, the fire-weather interactions were not directly influenced by fixed boundary conditions. In
each case, the weather model was run for 24 hours prior to ignition. This was done to ensure that the wind field
was equilibrated by the time of ignition. At the time of ignition, the fire was initialized by igniting a circular area
with a 50-meter radius, after which the fire continued to spread. Each simulation was run until the fire reached
the edge of the inner-most domain (about 30 minutes for simulations 1-5 and 6 hours for simulation 6; see
Figure 10). In all cases, the 2022 Anderson 13 fuels layer (the default fuel map for WRF-SFIRE) was used as
the fuel map with a uniform FMC of 8% across all fuel classes.

Page 19 | February 22, 2024 | Rev. 1 Copyright ©2024 Jensen Hughes, Inc.
All Rights Reserved.T0123



Project #4 — Fine Scale Hazard, Risk and Vulnerability Mapping

1DRI00034

Table 5: Size and resolution of model 3 nested domains

Domain Size, km x km. Resolution, m.
1 616 x 616 8.1
2 205 x 205 2.7
3 68 x 68 0.9
4 23x23 0.3
5 12x12 0.1

4.4 INTEGRATED EMBERCAST MODEL

In the final set of simulations, fire brand transport was modeled by integrating aspects from all three models.
Gridded wind fields were exported from WRF for the entire county for both weather conditions (Table 3, Figure
9). These gridded winds were then passed to Model 1 so that the fireline intensity calculations were based on
the local wind velocities rather than a uniform, prescribed velocity. The resulting spot distances from Model 1
were filtered so that embers were only cast from the FRA and moderate, high, and very high-risk regions in the
SRA and LRA (i.e., no embers were cast from urban un-zoned or non-wildland/non-urban regions). Ember
exposures were calculated separately for each weather scenario before the two exposures were merged to
obtain a single layer. Finally, the structures layer was filtered to only include structures that were exposed to the
embers based on the above exposure layer. Structural embers from the remaining structures were then cast
using both weather conditions. This structural firebrand exposure layer represents the additional exposure
across the county resulting from ignited structures. A flow-chart of model integration used for this scenario is

shown in Figure 14.
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Figure 14: Procedure for Integrated Embercast Model
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5.0 Results

5.1 MODEL 1 — EMBER GENERATION FROM VEGETATION

The relative ember exposure due to embers from vegetative fuels is shown in Figure 15 for both weather
scenarios. After tallying the total number of incident embers at each node, the relative exposure was determined
by normalizing the layer by a fixed number. The exposure probability from the various simulations is visualized
by grading the exposure probabilities into ‘low’, ‘moderate’, ‘high’, and ‘extreme’ based on 251, 50t and 75
percentile thresholds. Because ember cast distance significantly increases with wind speed, it can be seen that
weather scenario | results in overall greater exposure.

vegetativeFuels_emberExposure
modell_scenariol \
S5 Band 1 ;

vegetativeFuels_emberExposure
modell_scenario2
S Band 1

| —llow
moderate
N i high

| 1 extreme

| —llow

moderate
\ I high
| 1 extreme

A) B)

Figure 15: Relative exposure to embers from vegetative fuels given A) uniform, 40 mph NE wind B)
uniform, 20mph SW wind.
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5.2 MODEL 2- EMBER GENERATION FROM STRUCTURES

The relative exposure probabilities from structural firebrands were determined using the same procedure
explained in the previous section. Figure 16 shows the resultant exposure layer, which largely overlaps with the
risk zones designated in the existing LRA and SRA layers. Again, the first weather scenario results in much
farther cast distances than the second scenario.

san Buenav;ntra
R
Bt *

~Oxnard
Port Huenerhe . |

Shsmeis

Figure 16: Exposure to embers cast from ignited structures under both weather conditions.
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5.3 MODEL 3 - EMBER GENERATION FROM DETAILED WIND FIELD

The median and 97" percentile wind speeds for each of the six simulated fire spread cases are shown in Figure
10. Additionally, for each of the six cases simulated with Model 3, the final burn profile is shown with the
cumulative ember exposure, the latter of which is visualized with transparent contours which indicate the relative
count of incident embers. For each node, the fireline intensity used to calculate ember loft height was chosen as
the maximum fireline intensity experienced at that node across the simulation period. Note that the sixth and
final simulation uses the second, milder weather scenario resulting in shorter cast distances.

5.3.1 Case 1: Ventura
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Figure 17: Burn profile and ember exposure from model 3 case 1.
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5.3.2 Case 2: Piru
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Figure 18: Burn profile and ember exposure from model 3 case 2.
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5.3.3 Case 3: Santa Paula
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Figure 19: Burn profile and ember exposure from model 3 case 3.
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5.3.4 Case 4: Moorpark
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Figure 20: Burn profile and ember exposure from model 3 case 4.
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5.3.5 Case 5: Simi Valley
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Figure 21: Burn profile and ember exposure from model 3 case 5.
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5.3.6 Case 6: Thousand Oaks
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Figure 22: Burn profile and ember exposure from model 3 case 6.
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5.4 INTEGRATED EMBERCAST MODEL

After combining models 1-3 and simulating ember exposure for both weather scenarios, the two exposure layers
were merged. The composite exposure map from vegetation alone (i.e. Model 1 but with detailed wind fields) is
shown in Figure 23, the additional exposed area due to structures is shown as a distinct layer in Figure 24, and
the total combined exposure from both vegetation and structures in shown in Figure 25.

As seen in Figure 23, the highest embercast exposure from vegetation occurs between Ojai and Santa Paula.
Most of the rest of the county has varying degrees of ember exposure, with the southern county having a
relatively lower exposure compared to the Ojai Valley region and north county. Note: A small portion of Oxnard
has no embercast exposure based on the simulations. From Figure 24, it can be seen that additional exposure
due to structural firebrands is most significant west of Oxnard and near Simi Valley. Finally, Figure 25 shows
that the greatest total exposure to firebrands occurs in Ojai and the surrounding regions as well as Santa Paula,
Fillmore, and Simi Valley.
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Figure 23: Exposure to firebrands from vegetative fuels only
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Figure 24: Additional contribution to firebrand exposed area from structural fuels
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Figure 25: Total exposure to firebrands from both vegetative and structural fuels

6.0 Summary and Conclusions

The analysis presented in this report highlights the potential generation, transportation, and spatial extent of
embers due to wildfires (both from vegetative and structural fuels) across Ventura County. The resulting
exposure layers indicate that the majority of the County has at least moderate exposure to embers. The ember
exposure from this analysis also extends beyond the area designated as hazardous by existing FHSZ maps
(Figure 1). Additionally, it was found that wind speed has a major impact on the travel distance of embers. Due
to large-scale geographic characteristics of the County, the most intense wildfires are likely to occur when the
wind is blowing from the northeast (i.e., Santa Ana conditions).

Jensen Hughes will be pleased to discuss the contents and recommendations of this report upon request.
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Appendix A Surface fuel Ember Cast Distance Calculation Method

The method used in this report for calculating ember cast distance from surface fuels is based on an approach
developed by Albini and Chase [3], [4]. This method is similar to FlamMap’s firebrand lofting model. However,
unlike the firebrand cast module in FlamMap which only considers firebrands originating from trees, the method
used in this report models embers originating from surface fuel beds. The algorithm consists of two major steps:
first, determination of loft height based on the fireline intensity and, second, descent as the firebrand is acted
upon by gravity and drag forces. The model assumes ember size such that maximum transport distance before
burnout is achieved. The model does not consider the likelihood of subsequent ignition upon landing.

The fireline intensity, obtained from FlamMap simulations in this report, is used along with the surface wind
speed to obtain the ember loft height using Equation 2 where A and B are fuel-dependent constants. From the
initial loft height, the horizontal travel distance is computed using Equation 3 where the first term represents the
downwind drift distance as the ember rises and the 2nd term represents the transport as the ember falls to the
ground.

hloft = A[fireline Ume (2)

Rofe

2
d = 2.78Up,, ; Piope + 21.9 (2Ugn) *

(0362 + \/%ln [hlz"f 1) 3)
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Appendix B Ember Exposure Calculation Method

Given the cast distance of an ember, the resultant exposed area was determined using the method described in
this section. From the ember origination point, a circle sector was constructed with a radius equal to the cast
distance and a width of 90 degrees. The sector was centered along the direction of the prevailing surface wind
vector. This exposed area, visualized in Figure 26, assumes that the ember can travel any distance between
zero and the maximum calculated travel distance. It is also assumed that the ember travel vector is within 45
degrees of the prevailing wind.
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Ember Travel
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Figure 26: Ember exposure area from directionally limited cast
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