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A. Objectives and Results of the FireLine Assessment  
 
 
The objective of this study was to validate ISO’s FireLine model against the catastrophic 
wildfires that ravaged southern California in October and November of 2003. Two key 
questions are involved: 
 
1. How well did FireLine’s fuels datasets correlate with the actual burn 
areas in the California fires? 
 
The geographic correlation between FireLine fuels (forested areas, brush, tall grasses, 
etc.) and areas that actually burned in the recent wildfires is very high. 97.5% of the 
geographic area that burned is classified as fuels in FireLine. 
 
 
2. How successful was FireLine in identifying the actual homes and 
commercial properties affected by the wildfires? 
 
95.7% of the homes and commercial properties affected by the fires were identified by 
FireLine as exposed to the wildfire hazard. That strong result is due to the componential 
approach ISO takes to assessing this hazard. 87.2% of affected properties were 
assigned to specific areas with a hazardous mix of fuels, slope, and road-access 
problems. An additional 8.5% of the affected properties, also identified by FireLine as 
exposed to the wildfire hazard, were actually outside a fuels area per se, but directly 
exposed to wind-borne burning embers due to their directional proximity to dense fuels 
and strong winds. Finally, virtually all affected properties (99%) were within 2,500 feet 
of FireLine’s heavy or medium fuels. 
 
The slope of a property’s immediate terrain plays a significant role in determining a 
property’s wildfire exposure. Less than 24% of all policies written throughout the state 
of California are in areas with moderate or steep slope, but almost 70% of the burned 
properties were in such areas. 
 
Road-access problems—the extent to which the roads themselves impede firefighting 
equipment and thus deter efforts to save a property—are also a major hazard factor. 
Only 2% of California policyholders live in areas with access problems, while 17.5% of 
the burned structures were in such areas. 
 
Finally, ISO field research revealed that wind-borne burning embers carried outside of 
the actual wildland fuels area caused 295 of the property ignitions we studied in the 
California fires. FireLine’s Special Hazard Interface Area model proved effective in 
identifying 67% of these properties, which would not have been detected using a fuels 
dataset alone. 
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B. Historical Perspective 
 
 

1. Southern California’s Recent Wildfires 
 
The 2003 wildfires in southern California caused extensive property loss.  According to 
ISO’s Property Claim Services (PCS™), the two most devastating fires in San Bernardino 
and San Diego counties triggered estimated losses of insured property exceeding $2 
billion, probably the worst wildfire loss in U.S. history. 
 
Similar wildfires ravaged various areas of California in the last decade.  The 1991 
Oakland/Berkeley Hills Fire caused an estimated $1.7 billion in damage.  The Southern 
California fire siege of 1993 cost more than $700 million.  The Federal Wildland Fire 
Policy from December 1995 states that as “…people continue to move from urban areas 
to rural areas…the interface has become a major fire problem that will escalate as the 
nation moves into the 21st century1.”  
 
 
 
2. FireLine: The most accurate analytic tool for insurers 
 
a. Background  
 
In the mid-1990s, ISO began working with leading California insurers on an automated 
solution to identify potential wildfire hazards for any address in California. Combining 
direct insurer involvement with professional and technical expertise from the California 
Department of Forestry and Fire Protection, satellite imagery consultants, and the 
National Fire Protection Association (NFPA), ISO developed FireLine.   
 
ISO based its wildfire-hazard model on findings by the NFPA. This componential model 
accounts for a risk’s proximity to various wildland fuels, as well as proximate topography 
(slope of terrain), and the extent to which road-access problems may inhibit community 
fire-mitigation efforts.  The FireLine model provides a complete assessment of an 
individual risk’s location by combining all components, i.e., the topography of the site, 
road-access, and the types of fuels surrounding the risk within a quarter-mile. In its 
simplest form, the model calculates a hazard score based on the algorithm: Fuel × Slope 
+ Road Access Difficulty = Wildfire Hazard.  That score is then complemented by 
FireLine’s Special Hazard Interface Area determination, a climatic assessment of the 
likelihood that a risk lying outside but immediately adjacent to a fuels area would ignite 
from its proximity to high heat and wind-borne burning embers. 
 

                                                 
1 http://www.fs.fed.us/land/wdfire.htm 
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Since its initial release, FireLine has served leading insurers who write more than 60% of 
the property insurance in California. These insurers have integrated FireLine into their 
business processes. Insurers use FireLine to: 
 
• assess and manage exposure to wildfire 
• develop risk management strategies 
• develop underwriting controls and guides 
• develop catastrophe management plans 
• maximize returns from field inspections 
 
Insurers report that their independent site assessments confirm the accuracy and 
effectiveness of FireLine in performing these tasks.  
 
Such wide-scale adoption of FireLine notwithstanding, the California wildfires of 2003 
offered a unique opportunity to test the validity of the product and this paper describes 
such a test. 
 
 
 b. Fuel 
 
ISO purchases and continually refreshes high-definition LANDSAT satellite imagery, 
which underlies the core fuels dataset for FireLine.  Using satellite imagery for fuels 
mapping provides a uniform core data set and allows analysts to make fuel type 
interpretations across very large areas with an excellent degree of consistency. The 
interpretation process is exhaustive and involves in-depth “ground-truthing,” during 
which physical site inspections are conducted to properly determine the types of fuels 
sensed by the imagery. Once a specific fuel’s “signature” is determined, imagery 
programmers create proprietary algorithms to ensure that the images are correctly and 
consistently interpreted throughout the state. 
 
The attention to detail in developing this core fuels dataset stands in stark contrast to 
other vendors’ wildfire management tools that use a mix of infrequently updated 
vegetation databases available publicly. 
 
 
c. Slope 
 
ISO determines the slope component for the entire state through an automated 
geographic assessment. ISO uses detailed Digital Elevation Models (DEMs) from the US 
Geological Survey to create a seamless statewide DEM mosaic with four slope classes. 
The inclusion of slope in the FireLine model is important, since steeper slopes increase 
the speed of wildfire and the likelihood of property ignition. 
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d. Road Access 
 
ISO assesses road-access problems specifically for the wildfire hazard. ISO analyzes the 
latest street data, combining the lengths of dead-end and minimal egress street 
segments with the fuels around those street segments, to estimate how such conditions 
would impede firefighting equipment and thus deter efforts to save a property.  
 
e. Special Hazard Interface Area 
 
FireLine combines information about known climatic and wind patterns with information 
about a risk’s direction from heavy fuels, to assess the likelihood that a property outside 
but immediately adjacent to a fuels area would ignite due to its proximity to high heat 
and wind-borne burning embers. This assessment is particularly effective in identifying 
hazard-prone properties that may not have been identified using a fuels dataset alone. 
 
 
 
 
C. Correlation between FireLine Fuels and Actual Burn Areas 
 
How well did FireLine’s fuels datasets correlate with the actual burn areas in the 
California fires?  97.5% of the burn areas in the southern California fires of 2003 were 
classified as fuels by FireLine. And substantial portions of the remaining 2.5% were 
classified as FireLine Special Hazard Interface Areas. 
 
ISO superimposed the actual fire perimeters, obtained in December 2003 from the 
California Department of Forestry and Fire Protection (CDFFP), on the FireLine fuels 
data.  The purpose of this assessment was to identify the geographic correlation 
between the two data sets.  ISO analyzed data for the Cedar and Paradise Fires (San 
Diego County) as well as the series of fires in San Bernardino County (consisting of 
Grand Prix, Old and Padua Fires).   
 
FireLine distinguishes the following six fuel types: 
 

• NF – Non-fuel (bare/sparsely vegetated ground, rock, urban, large buildings, 
large roadways, irrigated vegetation, agriculture) 

• F0 – Non-fuel (downtown urban areas, desert areas, etc.) 
• F1 – Light fuels (grass, weeds, and scrub) 
• F3 – Medium fuels (woodland, timber) 
• F5 – Heavy fuels (brush, shrubs)  
• WA – Water (lakes, large rivers, perennial wetlands, ocean, reservoirs) 

 
ISO excluded any water bodies (WA) from this analysis. 
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1. Cedar Fire 
 
The map below illustrates the correlation between the Cedar Fire and FireLine fuels: 
 

 
Figure 1 – Cedar Fire perimeter (black line) overlaid with color-coded FireLine fuels. 
 
  
The GIS analysis of the fire reveals that, of 424.09 sq miles that burned, FireLine 
classified 416.87 sq miles, or 98.3%, as fuels.   
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2. Paradise Fire 
 
The map below illustrates the correlation between the Paradise Fire and FireLine fuels: 
 

 
Figure 2 – Paradise Fire perimeter (black line) overlaid with color-coded FireLine fuels. 
 
The GIS analysis of the fire reveals that, of 88.12 sq miles that burned, FireLine 
classified 85.93 sq miles, or 97.5%, as fuels.   
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3. San Bernardino County Fires 
  

The map below illustrates the correlation between the San Bernardino County Fires and 
FireLine fuels: 
 

 
Figure 3 – San Bernardino County Fire perimeters (black lines) overlaid with color-coded 
FireLine fuels. 
 
The GIS analysis of the fire reveals that, of 226.46 sq miles that burned, FireLine 
classified 217.28 sq miles, or 95.9%, as fuels.   
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4. Conclusion 
 
A total of 738.7 square miles were classified by CDFFP as “burn areas.” FireLine fuels 
accounted for 720.1 square miles or 97.5% of the burn areas. Such a finding goes far to 
validate the fuels model developed for FireLine. In addition, FireLine identified a 
substantial portion of the remaining 2.5% of the burn areas as Special Hazard Interface 
Areas and thus exposed to the wildfire hazard. This finding is discussed in the next 
section.   
 
 
 
D. Identifying Property Wildfire Losses Using FireLine 
 
ISO’s first assessment of FireLine concentrated on the validity of FireLine fuel mapping 
and demonstrated a high correlation between areas that actually burned and areas 
classified in FireLine as fuels. The second assessment attempts to address a more 
practical issue facing insurers who adopt FireLine.  
 
How successful was FireLine in identifying the actual homes and commercial properties 
affected by the wildfires? 95.7% of the homes and commercial properties affected by 
the fires were within areas identified by FireLine as exposed to the wildfire hazard. 
 
ISO identified 2,313 valid addresses, for which corresponding streets were found in 
commercially available geographic data files, and which represented homes and 
commercial properties affected by the wildfires in San Bernardino and San Diego 
Counties.  These data came from various sources, including local fire authorities, county 
offices, insurers, and ISO’s community-mitigation field force. 
 
 
 
1. Fuel 
 
Fuel is the most critical risk factor in predicting the wildfire hazard.  FireLine fuel 
mapping correlates very closely with the actual burn areas, with 97.5% of such areas 
mapped as fuels in FireLine. 87.2% of affected properties were assigned to specific 
areas with a hazardous mix of fuels, slope, and road-access problems.  
 
When analyzing fuels for individual risks, FireLine uses a three-ring model, differentially 
weighting the types of fuels found within 250 feet, 1000 feet, and a ¼ mile from a risk’s 
location. 
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The following map illustrates this model: 
 
 

 
Figure 4 – Example of a fuel rating calculation in FireLine. 
 
In case of Risk 1 on the map, the three-ring model evaluates the property’s high 
exposure to a wildfire hazard by analyzing fuels up to ¼ mile around the risk.  
 
 
2. Slope 
 
FireLine identifies the following four slope categories (steepness classes):  
 

• Extreme (greater than 40%)  
• Steep  (21 - 40%)  
• Moderate (6 - 20%)  
• Mild  (0 - 5%). 

 
Less than 24% of policyholders throughout the state of California live on sloped terrain. 
But slope plays a very significant role in the wildfire hazard.  Almost 70% of the 
properties burned in the 2003 fires were in areas of moderate or steep slope.  
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3. Access 
 
The FireLine Access component identifies whether a risk is located on a dead-end or 
minimal egress road segment, which might impede firefighting equipment and thus 
deter efforts to save a property.    
 
Only 2.1% of policyholders throughout the state of California live in areas with road 
access problems.  In contrast, 17.5% of the burned structures were in such areas. 
 
 
4. Special Hazard Interface Area 
 
Traditional wildfire hazard assessment is based on a property’s inclusion in fuels areas. 
But fuels assessment alone does not account for the large quantities of wind-borne 
burning embers being carried significant distances by strong winds, like the Santa Ana 
winds in southern California, and which can cause fire-related losses outside the fuels 
areas.   
 
The area below, photographed in November 2003, shows a view of a southern-facing 
area of San Bernardino. The destroyed properties were located outside traditional 
wildfire fuels areas but inside FireLine’s Special Hazard Interface Area. 

 
Figure 5 – General view of the area facing south of San Bernardino.  Pink arrows 
indicate destroyed properties. 
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Another picture from the area illustrate the destruction caused from fire by wind-borne 
embers, with homes destroyed and adjacent structures and vegetation left intact. 
 

 
Figure 6 – Property destroyed by a wildfire in San Bernardino. 
 
In San Bernardino County, 295 destroyed properties were outside the boundaries of 
actual fuels areas, but FireLine placed 67% of them in the Special Hazard Interface 
Area, identifying their exposure to the wildfire hazard. 
 

 
E. Summary 
 
FireLine’s success lies in the high quality of its databases and its componential 
assessment of the wildfire hazard. Rather than relying on a more simplistic, fuels-only 
approach, FireLine combines fuels with slope, road-access, and climatic assessment of a 
risk’s inclusion in hazardous interface areas to determine the real exposure to wildfire 
hazard. 
 
Bottom line? In assessing a risk’s exposure to the wildfire hazard the devil is in the 
details, and the details are in FireLine. There is simply no other management tool 
available to insurers that meets FireLine’s standard of excellence.  




