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Abstract
Land management agencies need to understand and monitor the consequences 
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cumulative effects of suppression, frame future suppression decisions and cost-

interested parties.
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Introduction

-

ly quantify these foregone opportunities. This general technical report describes 

a methodology to measure the cumulative impacts of suppression over time by 

modeling the spread of ignitions that were suppressed. We illustrate a set of 

analysis steps to simulate where ignitions would have spread had they not been 

suppressed and to assess the cumulative effects that would have resulted from 

the prioritization and planning of fuels treatments and help inform decisions 

about the suppression of future ignitions.

realized landscape vs. a hypothetical landscape. As used throughout this guide-

strategies actually implemented; this is typically the current landscape. The hy-

-

-

of Yosemite National Park.

The retrospective modeling process requires modeling the spread of ignitions 

repeating this process to account for all the ignitions of interest throughout the 

simulation period; this results in the hypothetical landscape. Once the model-

suppression by comparing the hypothetical and realized landscapes using vari-

This document is a guidebook for implementing the methodology. It provides 

-

sic skill sets. The most important skills include basic Geographic Information 

modeling software such as FlamMap (Finney 2006) and FireFamilyPlus (FFP; 
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-

and analysis. Below is a checklist of steps recommended to implement a retro-

Setting Up the Project

-

-

paring the resulting hypothetical and realized landscape conditions. Impacts of 

-

Project parameters

Study area:
Simulation length: 11 years, 1994-2004

Spatial data properties:

-

rics. Other metrics may be developed and used depending on the goals of the 

Fire Regime Departure

-
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Fire Return Interval Departure (FRID): FRID data are developed by deter-

mining how many years have passed since an area last burned and dividing 

that number by the characteristic Fire Return Interval (FRI) of the underlying 

vegetation.

used to gauge how often a particular vegetation type would burn under natu-

Fire Regime Condition Class (FRCC): FRCC is a standardized metric for 

-

areas within their natural range of variability (sensu Landres and others 1999) 

while moderate and high departures describe areas outside their natural range 

of variability.

-

ers in the case study area prefer this metric. They use it to estimate the degree 

(Caprio and others 2002).

Fire Behavior

of suppression.

:

Fireline intensity:

Flame length:

Rate of spread: -

determine attack strategies (National Interagency Fire Center 2006).

Smoke Emissions
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potential smoke emissions—the emis-

sions that would result if the entire landscape burned—can be estimated and 

used to compare landscapes created by alternative management strategies.

Any model is merely an attempt to represent reality and will never be com-

all their underlying assumptions and limitations. It is the responsibility of users 

to familiarize themselves with these assumptions and limitations to ensure the 

correct interpretation of the results.

modeling analysis. A weather analysis model is required to create the weather in-

ignition. A fuel succession model is necessary to update the fuels layer(s) after 

-

tial emissions on hypothetical and realized landscapes. This guide focuses on 

guidance on many of the following models can be found in 

-

Weather Analysis Model

-

weather patterns to aid in the selection of historical ignitions. FireFamilyPlus 

Its calculations can be used to help select which ignitions to model and at what 

Fire Growth Model

-

FARSITE is actually an amalgamation of several underlying models including 
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-

and smoke production. Its spatial input data layers are organized into a single 

-

-

and others 2009).

Fuel Succession Model

A fuel succession model is necessary to update the fuels layer(s) after each 

-

succession.

-

veloped in collaboration with scientists and managers from Yosemite and 

Sequoia-Kings Canyon National Parks and the United States Geological Survey 

(USGS) for use in the Sierra Nevada (Davis and others 2009). This model was 

-

perts should be consulted whether a new fuel succession model is created or 

The fuel succession model used in the case study is a state and transition 

-

are based on estimated fuel accumulation rates and how the underlying vegeta-

3 (TL3; moderate load conifer litter) fuel model (Fig. 1). If an area of TL3 fuels 
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Timber Litter 1 (TL1; low load compact conifer litter) fuel model after 10 years.

-

-

were selected based on the characteristics of the underlying vegetation.

For more detailed information on how this fuel succession model works see

Davis and others (2009).

Fire Behavior Model

landscapes. FARSITE cannot be used for this purpose because it only predicts 

-

TL3

Unburned:
25 yrs TL4

Low:
20 yrs TL3

Moderate:
10 yrs TL1

High:
20 yrs SH1

Unburned:
25 yrs TL7

Low:
20 yrs TL3

Moderate:
10 yrs TL1

High:
20 yrs SH1

Unburned:
25 yrs TL3

Low:
10 yrs TL1

Moderate:
15 yrs TL1

Unburned:
10 yrs SH2

High:
20 yrs SH1

Unburned:
TL7

Low:
15 yrs TL4

Moderate:
10 yrs TL1

High:
20 yrs SH1

Unburned:
30 yrs TU5

High:
20 yrs SH1

Unburned:
20 yrs TL3

High:
20 yrs SH1

Figure 1. Fuel succession 
diagram for moderate
load of conifer litter
(TL3). SH = shrub.
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-

can be used to compare the hypothetical and realized landscapes. Other mod-

Smoke Emissions Model

A smoke emissions model can be used to compare emissions from the hypo-

thetical and realized landscapes. Emissions can be estimated for each simulation 

year during the process and compiled at the end of the last simulation year. 

-

-

pothetical and realized scenarios. The case study used the GIS-based Emissions 

emissions. EES uses FOFEM fuel consumption and emission estimation algo-

models for estimating emissions include FARSITE and FOFEM. FARSITE can 

the user has the necessary duff and coarse woody debris data.

Boundary delineating the study area

Historical ignition point location and timing within the study area

Historical weather data from Remote Automated Weather Stations (RAWS) 

or similar weather stations covering the simulation period. Hourly data are 

simulation period as nearly as possible

period

measure

modeled using FARSITE
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methodologies selected.

TIP

Data Acquisition

reduce edge effects.

Each of these datasets is described below with suggestions on where to acquire 

them.

Study Area Boundary

The study area boundary (Fig. 2) should be obtained from local management 

staff and typically needs no particular manipulation other than to ensure that it is 

-

Figure 2. South Fork Merced study area, Yosemite NP.
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Historical Weather Data

-

growth and behavior predictions. Time and effort spent on acquiring and pre-

: Remote Automated Weather Station 

(RAWS) data are the most commonly used weather data in the United States 

they can provide more accurate modeling results than daily data. Some hourly 

can be acquired from the Western Regional Climate Center (WRCC) website 

(

information pre-loaded for most RAWS stations). Daily RAWS data (but not 

hourly) can also be acquired from NWCG’s website. Information about RAWS 

and other types of weather stations (including locations) can be found at 

.

-

ensure that the station is elevationally and spatially representative of the study 

-

ence of surrounding topography on wind direction and speed. It is important 

that wind direction and speed be as representative of the whole study area as 

-

and azimuth).

The station(s) selected should also have complete and accurate records. 

RAWS data are particularly prone to missing and erroneous data. The longer 

-

Weather Station Selection

Weather data:
sheltered location

Wind data:
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Preparing weather data: Much of the weather data analysis described 

in this guidebook requires the use of FireFamilyPlus (FFP). If a program 

general concepts described below can be followed to replicate the analysis. 

-

Importing and reviewing weather station data: -

they will be correctly associated in FFP.

TIP

It may be necessary to carry out more detailed quality control measures. 

-

accurate as possible. This can be accomplished by importing the historical 

facilitates the replacement of missing and erroneous data with averages or 

-

: At the discretion 

highly recommended for use with FARSITE to reign in its propensity to 

-

els layer) and to vastly shorten the time it takes to run a simulation (see 

-

th percentile ERC) and the value of 
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th

-

In the case study, the 90th

crossed the 98th percentile threshold.

TIP

Calculating ERC

calculating ERC.

June-October; Fig. 3) and should include as many years of high-quality data as 

percentiles but hourly data can be used as well.

Figure 3. FFP “Working Set” screen.
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The threshold value of the 90th percentile ERC used in the case study 

-

:

-

-

Figure 4. FFP percentile ERC graphs.
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Identifying Fire-Ending Events

Creating a list of relevant daily weather values:

weather values that can affect the simulation. Relevant weather attributes in-

ERC falls below a certain level and doesn’t recover. No matter how the end of 

allow for a more accurate calculation of 1000-hr fuel moisture and therefore 

ERC.

19940601 29 9 0.00 20 19941025 45 10 0.00 8
19940602 31 12 0.00 19 19941026 46 10 0.00 8
19940603 33 10 0.00 19 19941027 46 11 0.00 8
19940604 30 10 0.00 19 19941028 48 13 0.00 7
19940605 29 9 0.00 18 19941029 12 2 0.40 9
. . .      19941030 8 1 0.20 9
      19941031 1 1 0.10 9

Figure 5. FFP’s Event Locator.
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-

Component (SC) and 1000-hour fuel moistures were included for general 

interest.

:

-

quired for each simulation year.

TIP

Generating FARSITE Inputs

1.

2.

FARSITE)

3.

interest

Historical Ignition Data

-

ignitions help determine whether or not the ignition would have become an 

spatially and temporally accurate as possible.
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: Historical ignition data for USDA Forest Service 

land reside in the National Interagency Fire Management Integrated Database 

-

tem (WFMI). Ignition data from both of these databases can be obtained from 

others 2002; ). In 

for these data may be the land management agencies themselves who may have 

performed some quality control on their historical ignition data.

Preparing ignition data:
-

mine which ignitions were suppressed and whether they had the potential for 

-

Initial Ignition Selection

Location
Time period: 1994-2004

TIP

-

-

-

to spread.
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Ignition Selection Criteria

Criteria for inclusion as an ignition likely to spread:
th percentile

th percentile
th

Figure 6. Potential simulation ignitions, South Fork Merced watershed.
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-

Fuels Data

should be given to their acquisition and development.

: The FARSITE and FlamMap models require the con-

-

density. Modeling emissions with FARSITE requires duff and coarse woody 

debris layers be included as well. Fuels data are best obtained from the agency 

responsible for the study site. If they are unavailable from the responsible agen-

necessary to develop the data by crosswalking any available vegetation data. 

-

was developed from vegetation type to a set of surface fuel models (Scott and 

Preparing fuels data: -

eling describe surface and canopy fuels. It is important to determine when the 

fuels data were developed and if they have been updated or manipulated. These 

are at least partly based on remotely sensed data such as satellite or aerial imag-

ery. It is desirable to use fuels data (and any other time sensitive data) that most 

-

al changes that occurred between the chosen start date and the imagery capture 

be made to canopy cover and the other crown fuels data.

Surface Fuel Development and Manipulation
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Topographic Data

National Elevation Dataset ( ). The elevation 

dataset can be used to create the slope and aspect data using a GIS program such 

to ASCII format. Conversion methodology will vary depending on the format 

Fire Atlas Data

metrics used to measure the impact of alternative management strategies.

Figure 7. Surface fuel models, South Fork Merced watershed.

a
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: -

or not.

: -

-

-

poses; these sub-atlases are listed below.

Figure 8. 1930-2004 fire atlas for the South Fork Merced watershed.
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1.

2.

3.

TIP

Fire Atlas Manipulation

Example

Fire Atlas Preparation

year

Optional Data

should be used to help update fuels between simulation years. The local man-

-

Fire Return Intervals (FRI): The calculation of Fire Return Interval Departure 

-

may be the best way to discover what data are available. FRI data may be for-

matted as a table of return intervals by vegetation type or as spatial data. Tabular 

FRI data can generally be used to create spatial FRI data by crosswalking veg-

etation GIS data (Fig. 9). This spatial (raster) FRI data will be important to the 

calculation of FRID when comparing alternative landscapes.
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Other data:

landscapes. In order to generate a clear picture of the sequential steps it is help-

ful to draw up a timeline of events.

-

Figure 9. Fire Return Intervals for South Fork Merced watershed.
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-

Simulation Timeline

Date Event Action

th % Start simulation
August 1 Bug ignition Pause, import ignition, restart

th 

th 

th % Pause

th % Restart

th % Pause
th % Restart

th

ERC is above the 90th percentile. This translates into 36 simulation days divided 

-

shouldn’t be developed until after the previous year has been modeled and fuel 

succession is applied.

The timeline created in the previous step can inform which ignitions need 

be eliminated during the modeling process for other reasons. They can be elimi-

a previous year. These ignitions can be left out of the analysis. It is for this rea-

son that each year’s timeline should be prepared only after the previous year’s 

simulation and post-season fuel succession modeling is complete. The ignitions 

identifying the fuel conditions at the time and place of their occurrence.
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Ignition Elimination

the same reason.

-

lowing instructions and descriptions are based on the use of FARSITE as the 

-

sumptions and limitations and to use it most effectively. Before this tool is used 

correct general operation of FARSITE is beyond the scope of this document and 

will not be presented. Details on setting up a FARSITE run can be found in the 

-

(2006). The following instructions assume a basic familiarity with FARSITE 

TIP

FARSITE File Management

folder to hold the input data for each simulation year. Inputs include the 

structure for outputs.

:

historical ignitions is a more complicated task than calibrating for an actual 

-

pressed by initial attack before growing to any substantial size and thereby 

-

pressed or for which the suppression tactics are well known are particularly 

valuable for calibrating FARSITE parameters. When progression data are avail-

representative of the ignition(s) you are modeling due to differences in loca-
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-

-

with these conditions in mind.

TIP

Using Custom Fuel Models Instead of FARSITE Adjustment Files

the custom fuel model into the fuels data layer. See FARSITE’s help 

Build and Load the LCP File

topography inputs is described in their respective data preparation sections 

above. Be sure to select the correct units for each input and set the latitude for 

the study area.

Project Inputs

-

Project Parameters

-

Simulation duration should be set to the beginning of the burn period on the 

after
-
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Figure 10. FARSITE project 
inputs.

Figure 11. FARSITE model parameters.



26 USDA Forest Service RMRS-GTR-236WWW.  2010.

fuel moisture) can be set at the user’s discretion.

TIP

FARSITE Parameters

duration retrospective simulations.

Import initial
-

growth simulation. Later ignitions are imported at the appropriate time during 

Selecting Outputs

-

to facilitate the analysis of results. Raster outputs are chosen at the user’s discre-

the raster outputs.

Smoke emission estimates can be obtained by enabling an output table 

analysis after the FARSITE run is complete. Change emission type and save 

Running the Model

90th

-

quires some trickery. This trickery involves stepping FARSITE through each 

-

pause and resume actions in a single simulation year.
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-

TIP

th percentile 

th percentile for the same 
period of time.

Run the FARSITE simulation using the step-through option making the ap-

2

review all FARSITE outputs to make sure the results seem reasonable (Fig. 13).

Manipulate the FARSITE outputs into the forms and formats necessary to im-

plement the selected method of fuel succession.

Surface Fuels

-

general ideas are applicable with other methods as well. Drivers of the fuel 

-

recovery rates (Fig. 1).

-

real-world severity data are obtained. It is generally dependent on comparing 

before and after images and determining the amount of change between the two 

fuel type. This was based on the assumption that certain fuel types would only 
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-

the amount of surface fuels and the structure of the canopy of the underlying 

-

Figure 13. Simulated fire growth.
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update process and the results analyses because it would have been eliminated 

due to fuel consumption at its point of ignition. When evaluating the inclusion 

in the succession process.

Fuel Succession

The surface fuel succession model used in the case study is implemented 

Figure 14. Surface fuels after the modeled 1994 fire season.
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Canopy Fuels

Canopy fuel updates should be performed where and when the canopy may 

to update the canopy fuels. Changes can be made using a simple rule set in a 

attributes.

 25% reduction in canopy cover and 25% reduction in 

 95% reduction in canopy cover and 100% reduction in 

-

Duff and Coarse Woody Debris

Updating duff and coarse woody debris can be done in much the same manner 

fuel consumption and accumulation models can be used.

Update Fire Growth and Behavior Model Inputs

All FARSITE inputs affected by fuel succession need to be updated in the 

should be completed after modeling is complete for each year in the simulation.

TIP

Updating the FARSITE Project

risk of forgetting to change a parameter from the previous year’s value and 
invalidating the results. Instead, the user should update the previous year’s 

can be left out of the analysis.
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Fire suppression impacts can be measured by comparing the hypothetical 

landscape (in the case study this is the landscape that would have resulted had 

the suppressed ignitions been allowed to burn) to the realized landscape (the 

-

Fire Regime Departure

Fire Return Interval Departure (FRID): FRID data are developed by deter-

mining how many years have passed since an area last burned and dividing 

that number by the characteristic Fire Return Interval (FRI) of the underlying 

the realized atlas.

:

-

-

FRID calculation.

-

alternative landscape. Creating a last burned dataset can be accomplished in a 

number of ways using a GIS and should be performed by someone with GIS 

result from the year for which FRID is to be calculated (in this case the last year 

of the simulation).

resulting in a map showing the difference in FRID between the two alternative 
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Figure 15. FRID
resulting from 
the alternative 
fire management 
strategy.

Figure 16. FRID
resulting from 
the actual fire 
management
strategy.
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Potential Fire Behavior

-

-

tion on the landscape for these static conditions. These predictions are static in 

in fuel moistures or wind. It is recommended that FlamMap runs be performed 

-

FlamMap inputs:
alternative landscapes. Also required are wind speed and direction and fuel mois-

were calculated based on the 98th percentile ERC; the wind values were based on 

98th percentile wind speed and the most common wind direction observed during 

Figure 17. Median
FRID difference.
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-

for the realized landscape were updated in the same manner as described in the 

Running FlamMap: Repeat the following steps for both the hypothetical and 

-

Preferences). Run the program after the inputs and outputs are set. When the run 

-

ferencing the two scenarios) and the creation of maps illustrating analysis results 

(Figs. 19 and 20).

Figure 18. FlamMap inputs.
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Figure 19. 2005
Potential flame 
length on 
the realized 
landscape.

Figure 20. 2005
Potential flame 
length on the 
hypothetical
landscape.



USDA Forest Service RMRS-GTR-236WWW.  2010. 37

Potential Smoke Emissions

calculated using the Emission Estimation System (EES) for both the hypotheti-

-

-

timate the time period during which the landscape would have reduced potential 

Figure 22. Potential
PM 10 emissions.

Figure 21. Potential
PM 2.5 emissions.
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Summary

can provide valuable insight to land managers. While the decision to allow an 

as immediate or clear.

This guidebook demonstrates a methodology to measure suppression impacts. 

-

ogy can help managers make more informed decisions on whether to suppress 

or FRCC. It can also provide a means to compare the potential behavior of 

have been foregone due to suppression. The analysis can reveal the managerial 

-

governmental agencies such as air quality districts. The ability to measure sup-

pression impacts provides a more complete picture of the consequences of the 

-

advantages of the insights gained far outweigh the initial development costs. 

Happy modeling!
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