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This FSPro overview is a rudimentary explanation of the Fire Spread Probability (FSPro) model in 
WFDSS.  It was written to provide basic information for the non-fire behavior user as well as the fire 
behavior specialist new to FSPro.  This brief explanation provides information about the model, what it 
uses, how it works, and most importantly, how to interpret the results.   

For more comprehensive information, please see the documents available on the WFDSS home page 
under Related Resources | Fire Behavior http://wfdss.usgs.gov/wfdss/WFDSS_Resources.shtml: 

 Lesson 1:  Introduction to FSPro training_slides/U8L1.pdf 
 Lesson 2:  Overview of FSPro Outputs training_slides/U8L2.pdf 
 Lesson 3:  Application of FSPro in Long -Term Geospatial Analysis training_slides/U8L3.pdf 
 Lesson 4:  Assessing Values at Risk of Wildfire within WFDSS training_slides/U8L4.pdf 
 

FSPro Overview 
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FSPro is a geospatial probabilistic model that predicts fire growth, and is designed to upport long-term 
decision-making (more than 5 days).  

FSPro calculates two-dimensional fire growth and maps the probability that fire will visit each point (cell) 
on the landscape of interest under the following conditions: 

 during the specified time 
 in the absence of suppression 
 based on the current fire perimeter or ignition point   

FSPro currently has limited ability to model suppression effects. 

FSPro is potentially valuable to fire managers because it can help address uncertainty in long-term fire 
behavior analysis where weather forecasts are unreliable. It can help support risk-based decision making 
when the results are combined with information about resources and assets (values to be protected).  
FSPro can provide insight for strategic decision-making by helping answering questions such as the 
following:  

 What is the probability a fire will reach a point of concern on the landscape during a specific period 
of time (such as within 7, 10, 14 or more days)? 

 What is the probability that a fire will reach an administrative boundary during a specific period of 
time? 

 Which fires or segments of fires will likely need suppression action? 
 How large might the fire get? 
 What is the expected fire size distribution? 
 How soon might the fire reach critical points of concern? (beta version [in testing]) 
 

FSPro - What it is and Why use it ? 
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Why use FSPro instead of RERAP? 

Reasons for using FSPro instead of RERAP include the following: 

 In a long-term analysis, we are often interested in the probability that the fire will reach or impact 
specific points of concern. In the example below, we have multiple points of concern intersected with 
an FSPro probability output for a specific time period. Each point of concern has a unique probability 
of being impacted during the modeled period. In contrast, the Rare Event Risk Analysis Process 
(RERAP) assesses only the probability of the fire reaching or impacting each point of concern 
individually, before the end of the season.  

 RERAP assumes that the fire spread is in one direction and under the influence of a specific wind 
direction using the average historical climatology. By contrast, fire spread in FSPro can reach a point 
from any direction as a head, flanking, backing, or even a spot fire under the influence of winds from 
any direction. As evident in the following image, FSPro can simulate fire more realistically and 
account for fire spread in two dimensions under uncertain weather.  Therefore, it is a better tool for 
probability impact analysis than RERAP. 

 
Comparison of RERAP and FSPro Results 

 In addition, RERAP does NOT account for the current season. For example, if a fire starts on June 
25th, RERAP uses the historical average weather for that date. However, in FSPro, if it is an 
unseasonably cool year, the model uses that information based on the current year's RAWS 
observations. FSPro has an auto-correlation function (a way to look back), that calculates how much 
the future artificial seasons's ERC value depends on the recent past ERC values. However, in RERAP, 
it doesn't matter if it rained three inches over the past week or if it has been the hottest, driest week 
on record.  Because FSPro uses the current season's trend, this past week's weather will affect the 
model's calculations. 
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Why Use FSPro Instead of FARSITE? 

Fire Area Simulator (FARSITE) (Finney 1998) is a fire simulation model used over a short period of time 
(1-5 days) where there is a good confidence in the predicted weather. If we want to get an idea as to 
where and when a fire might spread in a few days using forecasted weather, FARSITE is the appropriate 
application to use.  When a reliable weather forecast is used, FARSITE is useful for answering questions 
such as the following: 

 What is the predicted fire size and shape over the next 1 to 5 days? 
 What are the likely fire behavior characteristics within the predicted fire perimeter? 
 When will the fire reach specific points of concern? 

If you are online, you can view the animated example of a five-day FARSITE simulation using a five-day 
weather forecast.  The small black polygon is the original perimeter, as well as the ignition used in 
FARSITE.  The different colors represent each day's fire growth.  The following image shows the fire 
reaching a point of concern on Day 5 of the simulation. The animation will repeat five times and end. 

 This figure shows the results of the 5-day simulation with the legend.  

 
Five-day FARSITE with Legend 
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While FARSITE can be used to simulate fire growth for periods of 5 days or more, it uses only one 
forecasted wind-weather scenario and offers no information as to the probability of an area being 
impacted under multiple wind and weather scenarios. This limitation combined with a single run 
eliminates the use of this model to answer questions related to probability analysis. 

Simulation durations lasting much more than 5 days lie outside the reliability of forecasted weather 
information. FSPro overcomes this by generating hundreds of potential wind and weather scenarios 
(based on the current season's weather as well as historic weather) and incorporates this information in 
simulating thousands of individual fires. By accounting for uncertainty in the weather and running 
multiple simulations, long-term analyses using FSPro provides risk-based assessments for strategic 
decision making. 

It is important to understand that weather forecasts become less reliable the further out the forecast. That 
is why FARSITE is not recommended for analyses beyond about five days (the time period of a reliable 
forecast). Using a weather forecast for 14 days from today may not be much better than using historic 
climatology.  
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Like all model systems, FSPro has numerous assumptions and limitations specific to each model it uses.  
It is important to be familiar with these when viewing model results.  FSPro uses the same underlying fire 
models as BehavePlus, FARSITE, and FlamMap. The assumptions and limitations of those models are 
also inherent in FSPro (e.g., uniform fuels, etc).  Some additional assumptions and limitations of FSPro 
include the following: 

 FSPro results assume no suppression action (other than the inclusion of barriers to simulate effective 
fireline construction). 

 Limited fine-scale temporal variability in weather. This means that the weather is constant for the 
entire day (1 ERC value and related fuel moistures, 1 wind speed and wind direction). 

 The peak burning period is assumed because the ERC, fuel moisture, and wind are obtained at that 
time. 

 There is no correction of fuel moisture for elevation or aspect (forthcoming). 
 Winds and fuel moistures are independent . 
 No climate change prediction is available (assumes historic climate). 
 The extremely rare event may or may not be represented by the simulation. 
 The resulting burn probability maps are easily misinterpreted as a fire progression, such as in 

FARSITE (FSPro results show probability contours NOT daily progression perimeters!). 
 Model output is contingent n model input and modeler expertise. FSPro can only be as accurate as 

the data used as inputs to the model. The following two data sources should be critiqued: 
 Landscape: Needs to be up to date (often the landscape will need to be edited to provide realistic 

modeling results); use of the landscape editor might be needed [see Stratton, 2009]. 
 RAWS: One or two can be selected and need to be representative of the analysis area for both 

ERC values, as well as wind values. 
 

FSPro Model Limitations 
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FSPro calculates probabilities of fire spread from a known point, line, or perimeter using landscape data 
(usually LANDFIRE), historic wind and weather, optional forecasted weather, and several inputs by a 
fire behavior specialist.  
 

How FSPro Uses Historic Weather 

The fire behavior specialist (FBS) will select a RAWS available in WFDSS that is representative of weather 
in the fire area.  This selection must take into account numerous factors, such as the station's proximity to 
the fire, its elevation, position on the slope (valley bottom, mid-slope, ridgetop, etc.), as well as the 
number of years the station has been reporting.  This is not always an easy balance to find and is one of 
the reasons that a local subject matter expert(s) (SME) should be advise the FBS about the best RAWS to 
use.  The following image displays RAWS station information (these values should not be changed unless 
confirmed as incorrect), as well as the date filter values, which the FBS and SME determine.  From these 
inputs, ERC classes are generated. 

 
Eagle RAWS Station Information 

ERC information is obtained from the historic RAWS record and is grouped into five classes or bins, as 
seen in the image below.  

 
Eagle ERC Classes 

Each bin is given fuel moisture, burn period, and spotting information.  The FBS can adjust the bins, as 
well as the associated values as needed.  FSPro uses this information, along with the historic wind data to 
generate hundreds of artificial weather scenarios. 

  
 

FSPro - the How 



FSPro Reference Guide 8 

 

Creating artificial weather scenarios 

To generate artificial weather scenarios (seasons), FSPro uses the current season's weather from the 
selected RAWS to start a time series analysis. In the example below, you can see that the ERCs have been 
above average since the middle of May. 

 
Current Season ERC Line 

If the fire behavior specialist (FBS) chooses to do so, a short weather forecast can be added. In the 
following example, you can see how the forecast affects the ERC line. 

 
ERC Line for Forecast 
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FSPro uses this information in the autocorrelation process for determining artificial weather scenarios. 
The following image is one example of an artificial season created and used in FSPro.  Hundreds or 
thousands of these seasons can be created, after which FSPro includes the historic wind information to 
simulate fire spread, and eventually, to calculate burn probability. 

 
Example of an Artificial Season 

The following image is the same as the previous one, except the ERC percentiles have been added.  From 
this example, we can see that the current season's ERCs have been above average, but below the 90th 
percentile.  Note where the artificial season's ERC fall within the colored historic ERC percentiles. 

 
Artificial Season with ERC Percentile Classes  
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The following three images show artificial seasons (14-day) that FSPro generated.  You can see that the 
three weather scenarios are quite different.  Hundreds or thousands of seasons can be created, which 
FSPro uses along with the historic wind information to simulate fire spread, and eventually, to calculate 
fire spread probability. 

 
Example of an Artificial Season with Low ERCs 

 
Example of an Artificial Season with Average ERCs 
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Example of an Artificial Season with High ERCs 

FSPro uses historic wind (hourly observations) 

When the fire behavior specialist (FBS) sets up an FSPro analyses, he/she selects a RAWS available within 
WFDSS that has hourly winds representative of the area.  For instance, if the fire is mostly along a 
ridgetop, it may not be prudent to choose a RAWS that is situated in a valley bottom. Once the RAWS is 
selected, the station information appears.  Time filter values are displayed, though the FBS should modify 
them to reflect the appropriate years, date, time, as well as wind type (10-minute average, wind gusts, or 
a combination of both).  The image below shows a RAWS where the FBS has changed the time filter 
values. 

 
Example of FSPro Winds Page with Station Info, Time Filter and Wind Type 
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A windrose (see image below) can be generated to help select the RAWS and determine the time filter 
values.  If the FBS is not familiar with the winds in the fire area, it would be prudent to consult local 
subject matter experts when choosing the station and the filter settings. 

 
Example of Windrose Generated from FSPro Wind Distribution 

After selecting the RAWS determining the settings, FSPro generates a wind matrix (shown below).  The 
values in this wind distribution matrix are grouped into categories by wind speed and cardinal 
directions.  This format can be thought of as a tabular windrose; FSPro uses it for wind information to run 
the model. 

 
Example of FSPro Generated Wind Matrix 
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How FSPro Simulates Fires 

Once the wind and weather information has been determined, FSPro can begin simulating fires. To do 
this, FSPro uses the Minimum Travel Time (MTT) (Finney 2002) algorithm to simulate two-dimensional 
fire growth.  Burn probability is calculated by how many times a cell was burned, divided by the number 
of simulations. 

The image below shows a stylized image of how FSPro works. As mentioned previously, FSPro uses one 
set of wind and fuel moisture conditions for each day of fire growth. The image shows four fires that 
burned, each under a different weather/wind scenario. The first fire must have occurred during a cold, 
moist, and calm period, so the fire did not spread beyond the original size (represented by the black 
circle). The second fire experienced calm winds, so the fire spread in all directions (blue circle). During 
the third fire, a south wind occurred, which pushed the fire to the north (yellow oval). The fourth fire (red 
oval) was influenced by a west wind. 

 
Fire Spread Probability Given 4 Fires (Finney) 
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Burn probability is calculated by dividing the number of times an area (cell) burns by the total number of 
simulations. Therefore, in our previous example, the area that burned two times (out of four) has a 50% 
probability of burning, whereas the area that burned three times has a 75% burn probability. 

Now let's look at some FSPro simulated fires, as well as nearby points of concern.  Each fire "burned" for a 
seven-day period using constant wind/weather for each day of growth.  The small black area is the 
original five acre fire that was used as the ignition.  Using the artificial weather scenarios (seasons) 
generated (from the RAWS historic record, as well as auto-correlated from the current year's trend), each 
seven-day fire spread somewhat differently. As you look at each of the simulated fires, notice which 
points of concern were visited by fire. 

In the first simulated seven-day fire, the fire spread northward, indicating that, at some point during the 
seven days, there was a strong southerly wind component. 

 
Example of 7-Day Fire Burning with South Winds  
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This next fire must have occurred during a period of low fire danger conditions.  Only the closest point of 
concern was affect by fire during the seven-day simulation. 

 
Example of 7-Day Fire Burning During Low Fire Danger 

Given the circular shape of the following fire, we can assume that winds were not very strong from any 
one direction during the seven days of growth.  Llook very closely to see a small spot fire to the north.  
Also notice only one point of concern was burned. 

 
Example of 7-Day Fire Burning with Variable and/or Light Winds  
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The next image shows a much larger seven-day fire. This fire appears to have occurred under very hot, 
dry, and/or windy conditions.  It likely experienced a "rare event" day.  Five points of concern were 
affected by this fire. 

 
Example of 7-Day Fire Burning During "Rare Event" Conditions 

Keep in mind that, with these simulated fires, we do not know if large fire growth occurred on the first of 
the seven days, on the seventh day, or sometime in between.  At this point, we only know that this is the 
final fire perimeter of one of the simulated seven-day fires.  In the future, fire arrival times will likely be 
available. 

The following simulated seven-day firep probably burned under some high fire danger conditions and 
perhaps some south and southwest winds. Two points of concern were reached during this simulation. 

 
Example of 7-Day Fire Burning with SSW Winds During High Fire Danger 
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The previous examples showed five individual fire perimeters simulated in FSPro.The following 
animation shows these five simulated fires, plus five additional ones, each seven days in length. As you 
watch the FSPro 10-fire animation (available online only), notice which points of concern are burned by 
the fires. The simulation shows how FSPro calculates fire spread probability using fire perimeters. 

How FSPro Calculates Burn Probability 

The FSPro burn probability is calculated by dividing the number of times a point burns by the total 
number of simulations.  After FSPro simulates the number of fires (requested by the fire behavior 
specialist), it essentially "stacks" the fires on top of each other to calculate the burn probability contours. 

When viewing online, watch the animation to see the 10 simulated, seven-day fire perimeters stacked on 
top on one another, starting with the largest fire.  Remember, the small black area is our original fire 
perimeter and ignition file. Each time a point (cell) on the landscape has a fire burn it, another 10% 
probability is added (since we are using 10 fires in this example). Therefore, each time one of the points of 
concern is burned by a fire, its burn probability is increased by 10%.   

 
10 Simulated Fires (stacked) with Points of Concern 
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FSPro provides results that can be useful to wildland fire management decision makers: 

 Fire Spread Probability Maps 
 Fire Size Information 
 Values at Risk Information (RAVAR and VAR) 
 

FSPro Results - What do they mean? 

After FSPro simulates the fires and burn probability has been calculated, we no longer have fire 
perimeters; instead we have burn probability contours.  Using our previous 10-fire example, we can see in 
the image below the calculated probability contours and the associated legend. 

 
FSPro Example using 10 Fires added together to get spread probability results 

Interpreting FSPro Results 
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Looking at the points of concern in the example, we can see that the point of concern just to the northeast 
of our original fire (shown as a black polygon) has an 80% chance of being affected by fire in the seven-
day simulation period because it was burned 8 times out of 10.  There is a 30% probability the point of 
concern to the west will burn within seven days. The furthest north point of concern is in the 10% 
probability contour because only one of the 10 fires burned that point. 

Caution: It is important to remember that the different colors in an FSPro map represent burn 
probability contours, NOT fire perimeters or fire shapes. In addition, the burn probabilities are for the 
analysis time period (7, 14, days, etc.), not until a season-ending event. 

When a fire behavior specialist is conducting an FSPro analysis, (s)he will select the number of fires to run 
(usually hundreds or thousands) that are appropriate for the situation.  If the decision-makers are 
interested in fire spread probabilities under rare event situations, then more fires need to be simulated 
(500 fires or more).  

Next, we'll look at an actual 30-day FSPro analysis using 3008 fires. In the example below, fire managers 
wanted insight into a fire's potential over the next 30 days, including rare event scenarios.  Therefore, a 
large number of fires were simulated. 

The image below shows FSPro results displayed in Google Earth. The white line is an administrative 
boundary, green lines show the trails and east-west Highway 14 is shown in light brown.  Using the 
probability legend in the upper left hand corner of the image, test your understanding of FSPro to see if 
you can answer the questions associated with the image. 

  

FSPro Results displayed in Google Earth 
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Testing Your Understanding of FSPro Burn Probability Contours 

Using the map of the Beaverdam FSPro Probability Spread, answer the following questions: 

1) What is the probability that the fire will cross the administrative boundary within 30 days? 
2) If the fire were to cross the administrative boundary, where is that likely to happen? 
3) According to this FSPro analysis, what is the probability that the fire would reach the Trail Creek 

Cabin Group within 30 days? 
4) What is the highest probability that the fire would reach the trail along the east side of the lake within 

30 days? 
5) What is the highest probability that the fire would reach Highway 14 within 30 days? 
6) What is the probability that the fire would burn Cabin Creek Cabin during the 30-day time period? 
7) According to this FSPro analysis, what is the probability that the East Entrance Area would be visited 

by fire within 30 days? 
8) On what day will the fire reach the trail just north of the Cabin Creek Cabin? 

Answers: 

1) Less than 5% probability 
2) The FSPro map indicates there is a probability that the fire will cross the administrative boundary 

south and west of where the boundary crosses Highway 14. 
3) Zero percent probability 
4) Less than 5% 
5) Less than 0.2% 
6) Less than 20% 
7) Zero percent probability 
8) Unknown. In the current version of FSPro we are unable to determine what day the fire is likely to 

burn a particular point on the landscape.  However, new functionality is being tested to allow this. 

When interpreting FSPro analyses it is crucial that decision-makers understand that maps displaying 
FSPro results are NOT progression maps.  The different colors do NOT represent fire shapes or days of 
fire spread.  The different color bands represent burn probability contours.  The area (cells) on the 
landscape within each contour have that probability of burning within the time period designated. 
 

Points to Remember When Viewing Map Output 

Remember the following FSPro facts, assumptions, and limitations: 

 As with all models, quality of the outputs are limited by the validity of the inputs used. 
 None of the inputs will be exactly perfect for a given fire situation. It is critical that the fire behavior 

specialist running FSPro is provided good information and guidance from a local subject matter 
expert for the following data: 
 representative RAWS for weather and wind inputs 
 live fuel moisture and burning period information 
 fuel model information for landscape modification (if needed) 
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 Even though an FSPro analysis can be set up and run relatively quickly, careful preparation and 
model calibration will provide much better results for insightful information to support wildland fire 
management and decision-making. 

 FSPro has limited fine-scale temporal variability in weather (only one set of wind/fuel moisture 
conditions is used for each day of fire growth) 

 

Addition outputs from FSPro 

Some additional useful outputs from FSPro include the fire size table and the final fire size histogram.  In 
the example below, look at the fire size information on the left side.  This 30-day FSPro analysis (where 
3008 fires were simulated) tells us that the 90th percentile fire size is 17,390 acres, meaning only 10% of 
the fires got bigger than 17,390 acres. It also tells us that the 10th percentile is 2806 acres, meaning that 
90% of the simulated fires grew to at least 2806 acres in the 30-day simulation.  

The final fire size histogram tells us that the average simulated fire size was 8829 acres.  It also displays 
additional information. The first grey bar represents fires from 0 to 5000 acres and the 1189 represents the 
number of fires that were in that class.  If we divide 1189 by 3008 (total number of fires simulated) we 
can determine that nearly 40% of the simulated 30-day fires were 5000 acres or less. 

  

Example of an FSPro Analysis Fire Size information and Histogram 
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Testing Your Understanding of FSPro Histograms 

Use the Beaverdam histogram information to answer the following questions: 

1) What is the largest size fire simulated? 
2) What is the average size of the simulated fires? 
3) Let's say the air quality folks are concerned about fires greater than 10,000 acres, what is the 

probability of 10,000 acres or more burning in 30 days? (This is a little tricky, but see what you come 
up with and then check your answer with the solution below) 

Answers: 

1) Looking at the fire size table on the left side of the image, the largest fire simulated was 54,422 acres. 
2) The average fire size was 8829 acres as shown in both the fire size table and in the final fire size 

histogram. 
3) To figure out the probability of a fire of 10,00 acres or greater, you need to add the numbers above the 

grey bars that are to the right of the 10 (which stands for 10,000 acres), and then divide that number 
by the total number of fires (3008).  Therefore, you need to add the following: 
553+224+102+63+29+10+8+3+1, which equals 993.  When you divide 993 by 3008 you get  
0.33, which means there is a 33% probability that the fire will burn 10,000 acres or more in 30 days. 
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Values at Risk information 

Values at Risk information can be obtained from WFDSS in two different ways: from Rapid Assessment 
of Values at Risk (RAVAR), and from FSPro Values at Risk analysis detail results. 

You can request RAVAR for fires of national significance after an FSPro analysis is completed.  RAVAR 
provides some very useful information, but is still a relatively manual and time-intensive process to 
complete. Thus, it takes a while to generate the reports.  For more comprehensive information about 
RAVAR, please see the S-495 Unit 8 Lesson 4 training_slides/U8L4.pdf document available on the 
WFDSS Home page http://wfdss.usgs.gov > Related Resources > Fire Behavior. 

A quick way to get Values at Risk (VAR) information for fires (even those that are not fires of national 
significance) is to first complete an FSPro run, then choose Values at Risk under the Results > Analysis 
Details menu item as shown in the image below. 

 
Image showing how to access FSPro Results Values at Risk (circled in red) 
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After a short period of time, a VAR window appears and displays the values at risk (as CURRENTLY 
exist in the WFDSS database) by each FSPro probability class.  In the example below, no major roads exist 
within burn probabilities of 40% or greater. However, there are 13.19 miles of major roads within 
probabilities less than 40%. There are building clusters in all of burn probability contours, and non-
federal land in all burn probabilities.  The second table (currency/coverage of values reported) gives 
information about the GIS layers in the VAR database, their data source, currency date, and the extent of 
the coverage. The example below shows us that communication tower layer is valid nationally as of 
March 2009. 

 
Example of FSPro Results Values at Risk Information 

  

NOTE: The VAR database is not likely to be totally up-to-date. Therefore, it is likely NOT all-inclusive.  
Users of the VAR information should check the currency/coverage of values reported table for currency 
information. In the future, a list of all of the VAR GIS layers that were queried will be made available. 
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Testing Your Understanding of FSPro VAR 

Using the following image from a 7-day FSPro analysis, test your understanding of FSPro VAR 
information. 

 
Example of FSPro VAR to use to answers questions below 

  

1) Is there at least an 80% probability that private land will be burned in the next 7 days?  If so, how 
many acres? 

2) What is the highest probability that electric transmission lines will be affected by the fire within the 
next 7 days? 

3) Is there a chance that any oil and gas pipelines will be visited by fire?  If so, what is the probability 
according to this 7-day FSPro analysis? 

4) Is it likely that any houses will be affected by the fire within the next 7 days?  If so, what is the 
probability? 

5) Is there at least a 5% probability that an electric substation will be involved according to this 7-day 
FSPro analysis? 

6) What is the currency of the electric sub-stations coverage? 

Answers: 

1) Yes, at least 27 acres. 
2) 4.9% 
3) Yes, less that 0.2% probability 
4) Yes,  5% - 19% probability (per the 2000 Census Housing Values)  
5) No, the highest probability is less than 0.2%  
6) The electric sub stations coverage comes from HSIP (Homeland Security Infrastructure Program) and 

is a national coverage.  It was last updated in March, 2008. 
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