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Sammanfattning 
 
Tätortsnära bränder och brandriskutsatta samhällen (Wildland/Urban Interface (WUI) 
och Communities at Risk (CAR)) är prioriterade områden för amerikanska statliga 
myndigheter. Det är viktigt att de statliga myndigheterna hjälper till att utbilda 
husägare, brandmän, lokala tjänstemän och markägare om konsekvenserna av gräs- 
och skogsbränder. “The Bureau of Land Management (BLM) Upper Snake River 
District (USRD) Geographic Information Systems (GIS) team” har i samarbete med 
“GIS Training and Research Center (GISTReC)” vid “Idaho State University (ISU)”, 
skapat en modell för att kunna kartlägga och förutsäga potentiella gräs- och 
skogsbränder runt Lava Hot Springs med omnejd. 
 
Under detta projekt skapade vi kartor över WUI-områden, identifierade byggnader 
som befinner sig i riskzoner utanför tätortsområdena, kartlade tillgängligheten via 
vägar och potentiell svarstid, förutsåg svårigheter i olika metoder att ta sig fram, 
identifierade riskområden, samt gjorde en hemsida där man kan läsa om WUI-
projekten. 
 
Denna rapport visar de olika brandriskfaktorerna och hur var och en påverkade den 
slutliga brandriskmodellen. Vi hoppas att informationen kommer att vara till nytta för 
framtida användare av denna modell och att den kan hjälpa människorna i Lava Hot 
Springs området att bättre skydda sig själva mot bränder. 
 

Abstract 
 
Wildland/Urban Interface (WUI) and Communities at Risk (CAR) are high priorities 
to federal land management agencies. It is important that the federal government help 
educate homeowners, firefighters, local officials and land managers regarding the 
value and risk of wildland fire. The Geographic Information System (GIS) team, a 
division of the Bureau of Land Management (BLM) Upper Snake River District 
(USRD) in cooperation with GIS Training and Research Center (GISTReC) at Idaho 
State University (ISU) has created a model to predict potential wildfire risk areas for 
Lava Hot Springs, Idaho and vicinity.  
 
During this project we created maps of wildland/urban interface areas, identified 
structures encroaching on wildland risk areas, mapped road access and potential 
response times, predicted suppression methodologies, identified areas at risk, and 
made a homepage where you can read about the WUI projects. 
 
This report describes each component of our wildfire risk model and what effect each 
had on the final wildfire risk model. We hope the information will benefit future users 
of this model and will help the people in the Lava Hot Springs area better protect 
themselves against wildfire.  
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Introduction 
 
Fire and related agencies first begun to use GIS as a way of sharing and managing 
information about natural resources. In the mid-1990’s, the trend culminated and 
many federal, state, and local wildfire agencies began conducting protection 
assignments. The California Department of Forestry and Fire Protection published a 
fire plan. The idea was to train firefighters with experience in the field to use GIS [2].  
 
This study examined wild land/urban interface (WUI) fire risk for the Town of Lava 
Hot Springs, Idaho and neighboring areas. It was conducted to produce a WUI risk 
model using GIS. This is a continuation of the WUI project that began by examining 
the City of Pocatello. Results can be used by firefighters, homeowners, land 
managers, and as public information to prevent and manage wildfire. The model 
predicts wildfire risk in the Lava Hot Springs area. There have been earlier studies but 
typically, these had a more generalized approach. One example is the Fire Area 
Simulator Model Development and Evaluation (FARSITE). 
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Methods 
 
GIS data sets needed for our area of interest (AOI) were acquired and assembled. The 
area was defined as the area encompassed by the Bancroft, Haystack Mountain, Lava 
Hot Springs, and Sedgwick Peak 7.5’ USGS quadrangles. To utilize the data, we 
projected and defined each data set as needed.  
 
Required data:  
 
- Vegetation  

o Idaho GAP 
o Landsat 7 ETM+ derived NDVI-based classification  

- Geocoded roads 
- Wildfire Fuel load model 
- Emergency Response Time model (ERT) 
- Digital Raster Graphics (DRG) 
- Digital Elevation Models (DEM) 
- Digital Orthophoto Quarter-Quads (DOQQ) 
- Landsat 7 ETM+ imagery 
- Fire Station location 
 
To produce one DEM for the AOI, we merged Bancroft, Haystack Mountain, Lava 
Hot Springs and Sedgwick Peak DEM-quadrangles into one grid using ArcInfo 
Workstation  GRID  mosaic. Using the spatial extent defined by the footprint of 
this grid, we created a “cookie cutter”, a polygon coverage called aoi_lava. All the 
data sets listed above were clipped using the “cookie cutter” as needed. 
 
Vegetation data (GAP) was reclassified into three categories (Paved Urban, Fire-
Prone Vegetation, and High moisture Vegetation) using ArcMap  Spatial analyst  
reclassify. 
 
GAP is the acronym used to refer to the GAP Analysis Program of USGS. It could 
also refer to the fact that GAP is a geographic approach to planning. GAP Analysis is 
a proactive approach to protecting biodiversity. It seeks to identify gaps between land 
areas that are rich in biodiversity and areas that are managed for conservation. To 
learn more about GAP, visit USGS webpage: http://www.gap.uidaho.edu/. 
 
We defined the projection of all data sets as Idaho Transverse Mercator (GCS North 
American 1927) using Arc Toolbox  Define. 
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Creating NDVI models 
 
Vegetation of interest was located with satellite imagery using the Normalized 
Difference Vegetation Index (NDVI) for Landsat 7. We used Landsat 7 ETM+ 
imagery dated 08-23-2000. The NDVI uses Red and Near Infrared (NIR) bands. We 
ratioed these bands following the equation given in Figure 1. 
 

redNIR
redNIRNDVI

+
−

=  

 
Figure 1: How we calculated the NDVI. 
 
The NDVI has an interval of –1 to +1, where –1 is no photosynthetically active 
vegetation and +1 is pure photosynthetically active vegetation. Our tests have shown 
that values > 0.3 reliably indicate photosynthetically active vegetation (Ben McMahan 
personal comment). Values < 0.3 are not reliably as indicators of photosynthetically 
active vegetation. It should be observed that the NDVI is not a reliable way of 
measuring non-green biomass.  
 
Several raster calculations of the NDVI grid were made. The first showed all values  
> 0, the next showed values >0.05, etc (i.e., 0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3). The 
calculations were made in ArcMap  Spatial Analyst  Raster Calculator. After 
making the resulting grids, we compared each of them with the DOQQ. 
 
 
Vegetation Thresholds 
 
To test the agreement between the GAP and NDVI vegetation models, we multiplied 
each of the NDVI grid results (described above) with the GAP vegetation grid. The 
calculations were made in ArcInfo Workstation as a map algebra operation. 
 
The NDVI grid includes both areas with and without vegetation. The NDVI value was 
determined by approximating a threshold separating non-vegetation and vegetation 
areas. This was done by again comparing the DOQQ with the values within the NDVI 
grid (in this case -0.35056 - +0.75581). Using the same method, dry vegetation and 
moist vegetation was separated. The 3 NDVI classes were weighted as follows: No 
vegetation = 1, Dry vegetation = 2, Moist vegetation = 0.75 in ArcMap  Spatial 
Analyst  Reclassify (Table 2). ArcMap’s reclassify cannot create an outgrid with 
floating points, so we multiplied the weights with 100 (integer values). 
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Fuel load model 
 
Supervised classification of Landsat 7 ETM+ imagery was used for estimating fuel 
load in our area of interest. To estimate fuel load, 128 sample points were gathered on 
the Snake River Plain. This model experienced some difficulties determining high 
fuel load areas associated with junipers. A revised fuel load model should correct this 
problem. The fuel load model was created by Glenn Russell. The model was validated 
the summer of 2002 by Ben McMahan. 
 
The fuel model contained data estimating the amount of flammable material (fuel) 
expressed in tons per acre. The model contained 7 classes (0-6): 0 = 0 tons/acre (No 
vegetation), 1 = 0.74 tons/acre (Grassland), 2 = 1 tons/acre (Grassland with some 
Sagebrush), 3 = 2 tons/acre (Low Sagebrush), 4 = 4 tons/acre (Typical Sagebrush),  
5 = 6 tons/acre (Juniper), and 6 = >6 tons/acre (Forrest) (Table 1).  
 
 
 
 

  
Table 1   Table 2 

 
 
Create wildfire model components 
 
Different analyses were separately treated to learn how each analysis affected fire 
risk. To be able to merge the models together easily, we reclassified each model into 
equal risk scales from 0 to 10, where 10 is high risk. The same weightings for analysis 
that Mattsson and Thorén used in the Pocatello project [1] were used in the Lava Hot 
Springs project. Mattsson and Thorén derived their weightings by working with 
people knowledgeable about fire ecology and suppression methods, topography and 
vegetation characteristics. These weightings are used in all the component analyses 
except in the Fuel Load/Vegetation moisture. This is a new component where we 
developed our own weighting curve (also from 0 to 10). After completing the 
analyses, the impact each fire model component had on the overall fire risk in Lava 
Hot Springs, Idaho was examined and weighted accordingly. 
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Fuel load/Vegetation Moisture 
To improve the fuel load model and account for moist vegetation, which may be 
abundant but not readily flammable, we multiplied the fuel model (Table 1) with the 
Vegetation model (Table 2), (Fig. 11 in Results). This calculation was made in 
ArcMap  Spatial Analyst  Raster Calculator. All classes are shown below in 
Table 3. 
 
 
 

  
Table 3     Table 4 
 
 

As we did not have a curve for this model, we developed weightings for all classes 
with Keith T. Weber (Table 4). The weightings are based on worst-case scenario and 
so are conservative. In some instances more then one solution is possible (e.g., class 2 
(Table 3), can be both 1 (Table 1) * 2 (Table 2) or 2 (Table 2) * 1 (Table 1)), so we 
calculated with the worst scenario. By worst criteria we mean for example class 6 
(Table 3), can be found by multiplying 3 (Fuel Load, Table 1) by 2 (Vegetation, Table 
2) or by 6 (Fuel Load, Table 1) by 1 (Vegetation, Table 2).  In this case, class 6 was 
weighted by using 3 in Fuel Load and 2 in Vegetation since this has a higher fire risk 
then 6 in Fuel load and 1 in Vegetation. All 15 classes were weighted by this method 
(Fig. 2, Table 7 in Appendix B).  
 
Some of the rows in Table 3 may need a closer explanation, for example row 1, 3 and 
11. It is unlikely that the combination 6 tons/acre and No vegetation in row 11 could 
exist. We have explained that phenomenon closer in the section “Errors and bias 
assignments”.       
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Figure 2. This chart describes all weightings for fuel load/moist vegetation. 
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Fuel load/Rate of Spread 
How fast a fire will spread depends on the amount of continuous fuels and other 
factors. The lower fuel load classes were considered to be the primary carrier of fire 
(e.g. grasser), and have the fastest spread rate. The higher fuel load classes will not 
burn as quickly because as moisture content increases, spread rate is reduced. We 
reclassified the fuel load model following Table 8 (Appendix B), using ArcMap  
Spatial Analyst  Reclassify (Fig 3). 
 
 

 
Figure 3. Weightings for Fuel load/Rate of Spread describe how the fuel load affects the fire spread  

   rate. 
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Fuel load/Intensity 
Intensity is considered the amount of energy a fire produces. The more energy the fire 
produces, the more difficult it is for the firefighters to suppress it. Intensity depends 
on fuel load and other factors such as wind and ground conditions at the time of the 
fire. We reclassified the Fuel load model using values following Table 9 (Appendix 
B) using ArcMap  Spatial Analyst  Reclassify (Fig 4). 
 
 

 
Figure 4. Weightings for the Fuel load/Intensity describes how the fire intensity depend on the fuel  

  load. 
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Slope/Rate of Spread 
Slope is a matter of degree and stability of surface. The extent and intensity of a 
wildfire depends on the topography of the land it is burning up. When fire moves 
across flat land it moves more slowly than fire on a mountainside. However, the fire 
moves much faster uphill than downhill, in other words, the steeper the slope, the 
faster the fire [2]. 
 
Using the merged DEM-quadrangles aoi_lavadem, we made a slope grid that 
calculated how steep the surface is using ArcMap  Spatial Analyst  Surface 
Analysis  Slope. 
 
Output measurement: degree 
Z-factor: 1 
Output cellsize: 30 
 
To make the Slope/Rate of Spread model, we weighted the result of the slope model 
(aoi_lavaslope) by using weightings for slope/rate of spread from Table 10  
(Appendix B) in ArcMap  Spatial Analyst  Reclassify. All weights were multi-
plied by 100 as the reclassified grid must be an integer (this was done with all fire 
model components). Slope/Rate of Spread shows spread rate that is dependent on 
slope (i.e., the steeper the terrain, the higher the fire risk (Fig 5)).  
 
 

 
Figure 5. Weightings describe how spread rate increase by the angle of slope. The weight proportion  

   is assumed to be exponentially with slope angle. 
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Slope/Suppression Difficulties 
For the Slope/Suppression Difficulties model, the original slope grid was again used, 
but the data was weighted for slope/suppression difficulties (Table 11, Appendix B). 
ArcMap  Spatial Analyst  Reclassify (Fig. 6). Slope/Suppression Difficulties 
shows how difficult it is for firefighters to fight fire based on slope. If firefighters 
cannot reach the fire, it will keep burning even though it may be a low risk area 
according to other criteria.  
 
 

 
Figure 6. Weightings for slope/suppression difficulties describe how suppression difficulties are  

   affected by the angle of slope. 
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Aspect/Sun position and daily temperature 
Aspect shows what direction the surface faces. We made the aspect model from 
aoi_lavadem in ArcMap  Spatial Analyst  Surface Analysis  Aspect.  
 
Output cellsize: 30 
 
Aspect/Sun position and daily temperature illustrates the direction the slope is facing 
and where the sun affects the ground/vegetation most. The sun is predicted to 
desiccate the ground/vegetation more on the southerly aspects than others. We 
reclassed the aspect grid (aoi_lavaasp) using weightings from Table 12 (Appendix B) 
in ArcMap  Spatial Analyst  Reclassify (Fig. 7). 
 
 

 
Figure 7. Weightings for Aspect/Sun position and daily temperature describe how the sun desiccates  

   the ground more in south facing aspects and therefore get higher risk. 
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Response Time 
The fire station in Lava Hot Springs is a volunteer fire station. Because it is a 
volunteer fire station, it is unstaffed. Thus it will take a while for the firefighters to 
respond to an emergency. According to Lava Hot Springs Fire Chief Joel Price it will 
take the firefighters 1 – 2 minutes to arrive at the station and up to five minutes to 
respond.  
 
The weightings for the response time model (Table 13, Appendix B) are based on the 
time frame from when a house catches fire until it flashes over (Fig. 8). The 
weightings describe how the fire risk due to delayed travel time for the firefighters 
influences the risk. Because it takes the firefighters 5 minutes to respond, the entire 
Lava Hot Springs area has a response time risk of 10. Since the entire area of interest 
is in the highest risk, there are no variations in the response time model. Therefore we 
did not need it for the final model, but have made a response time model for 
cartographic purposes. 
 
 

 
Figure 8. The weightings describe how the fire risk due to delayed travel time for the firefighters  

   influences the risk. 
 
The exact location of the fire station in Lava Hot Springs was used to create a 
response time model using ArcView  View  New theme (point). The correct 
address was edited into the model by using “Add location address”. 
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WUI fire risk model 
 
After estimating the different fire model components, we decided, with Keith T. 
Weber how important each component was to the fire model, depending on how high 
its risk was for the communities. Beginning with the highest rated component, we 
distributed the components as follows: 
 
 
Fuel load/Rate of Spread 25% (of total fire risk model) 
 
Fuel load/Vegetation Moisture 23% 
 
Fuel load/Intensity 20% 
 
Slope/Suppression Difficulties 17% 
 
Slope/Rate of Spread 10% 
 
Aspect/Sun position and Daily temperature 5% 
 
 
After the components were distributed, they were added together in ArcMap  
Spatial Analyst  Raster Calculator. 
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Adding fires occurring after 1999 
 
After merging all the fire model components together we realized that our risk model 
did not include any fires occuring after 1999. Since wildfires had occurred after 1999, 
these neede to be included in our model. If not, we would not be able to calculate a 
fire risk in these areas because we did not know the amount of fuel there is today. The 
Bureau of Land Management (BLM) had data about fires from 1939 to 2000. We 
selected the wildfires from 2000 by using ArcMap  Select Features, and then we 
converted the result to grid by using ArcMap  Spatial Analyst  Convert  
Features to Raster. 
 
Field: fire_freq 
Output cellsize: 30 
 
The data concerning wildfires that occurred in 2000 and 2001 were supplied by the 
BLM.  
 
Field: wildfire-ID 
Output cellsize: 30 
 
To be able to add these fire areas into the WUI fire risk model, without changing the 
values in those areas that did not have fires, aoi_f00-01 had to be reclassified two 
times. In the first reclassification of aoi_f00-01, the pixels with fires from 2000 and 
2001, was given the value of zero and No Data was given the value of one. This new 
grid was called f00-01_mask and was made by using ArcMap  Spatial Analyst  
Reclassify. This grid, f00-01_mask, was multiplied with the fire model, lava_wui, by 
using ArcMap  Spatial Analyst  Raster Calculator and was called reset. In the 
second reclassification of aoi_f00-01 the pixels with fires areas was given the value of 
one and No Data was given the value of zero. This grid was called f00-01 and was 
made by using ArcMap  Spatial Analyst  Reclassify.  
 
The grids reset and f00-01 were added together by using ArcMap  Spatial Analyst 

 Raster Calculator, creating a new grid (aoi_wui). In this new grid, the areas 
(pixels) with fires was given the value of one and in the other areas (pixels) the values 
from lava_wui did not change.The grid aoi_wui is the final WUI fire risk model.     
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Sites with elevated risk 
 
In our study area, that mainly contains wild land, satellite images showed that there 
are people living in the countryside. Now, when the fire risk model was done, we can 
use it to make an analysis showing where there could be sites (farms, houses etc.) at 
risk.  
 
To be able to do an analysis like this, the WUI fire risk model was compared to the 
DOQQ. The DOQQ is an orthophoto and therefore it is quite easy to discern buildings 
(sites). A threshold that separates high risk and moderate risk had to be decided. The 
WUI fire risk model contains pixel values from 1 to 900, where 1 is unclassified risk 
and 27 to 900 are low to high risk. With help from Keith Weber we decided to set the 
value of 700 to be our threshold. That threshold was set by comparing the DOQQ 
with the fire risk model where all pixels with a value lower than our threshold were 
made fully transparent and all pixels with higher values were partly transparent in red.  
 
We marked the sites by using ArcMap and saved the points in a Shapefile (Sites w-
elevated risk.shp).  
 
 
HTML 
 
The GIS Training and Research Center at Idaho State University place an abstract of 
all their work on the web. Because of this, we made a web page for our project too. 
The page was made in HTML (Hyper Text Markup Language) (Appendix E). The 
path to the web page is: http://giscenter.isu.edu/research/techpg/blm_fire/lava.htm. 
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Results 
 
All results are presented with the same approach as in Methods. 
 
 
Vegetation threshold 
 
To determine the vegetation threshold we needed to choose between two vegetation 
models: the NDVI and the GAP. Accordingly to the GAP vegetation model 
(aoi_lavaveg) (Fig. 9), the entire area around Lava Hot Springs is “paved urban”. The 
NDVI (Fig 10) shows that it is not just “paved urban” but there is a large amount of 
vegetation in the area. 
 
The GAP vegetation grid (aoi_lavaveg) was first compared with the DOQQ (Fig. 9). 
In the DOQQ we found vegetation in the area where the GAP shows “paved urban”. 
 
 
 

 
Figure 9. Overlay of aoi_lavaveg and the DOQQ. This layout is made in ArcMap. 
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Figure 10. The NDVI has an interval of –1 to +1, where –1 is no vegetation and +1 is pure vegetation.  

    This layout was made in ArcMap. 
 
 
Next we compared the NDVI (Fig. 10) grid, which is a measure of the amount and 
vigor of vegetation, with the DOQQ.  In comparing these two grids we noticed that 
the quantity of vegetation appeared to be reduced with the higher NDVI values while 
reliability of accurately delineating vegetation increased. 
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To find out how much of the aoi_lavaveg classes is vegetation according to the NDVI 
model, we multiplied the NDVI model with the GAP model (aoi_lavaveg) (Table. 5).  
 
  GAP(aoi_lavaveg) km2  
 1 (Paved 

Urban) 
2 (Fire prone veg) 3 (High moisture 

veg) 
Total Area (km2) 86.9553 400.2831 68.4180 
    
ndvi > 0_gap 54.4392 361.4922 65.8539 
ndvi > 0.05_gap 35.7975 315.7299 63.1467 
ndvi > 0.1_gap 24.5916 256.0122 58.5693 
ndvi > 0.15_gap 18.3213 207.1935 52.7634 
ndvi > 0.2_gap 14.1264 174.6153 46.5336 
ndvi > 0.25_gap 10.7964 144.7290 39.6621 
ndvi > 0.3_gap 8.3835 118.2915 33.4953 
Table 5. The result of a raster calculation of the NDVI and aoi_lavaveg. 
 
From these two comparisons it was determine that the NDVI based model predicted 
vegetation more accurately than the GAP model, compared with the DOQQ. 
According to this we choose the NDVI as our vegetation model. 
 
Comparing the values within the NDVI and the DOQQ, we found that all values 
<0.01 represented no vegetation. Values between 0.10 and 0.17 represented dry 
vegetation and values >0.17 represented moist vegetation. 
 
We next created a new grid from the NDVI grid where we gave all values <0.01 (no 
vegetation) the value of 100, all values between 0.01 and 0.17 (dry vegetation) the 
value of 200 and all values >0.17 (moist vegetation) the value of 75. This grid was 
called aoi_vegmodel. Also see under heading “Vegetation thresholds” at page 7 for an 
explanation of the values 75, 100 and 200.  
 
 
Fuel load/Vegetation moisture 
 
We merged the fuel load model (aoi_lavafuel) with the reclassified NDVI 
(aoi_vegmodel) (Table 6). The result was a grid with 15 classes (0, 0.75, 1, 1.5, 2, 
2.25, 3, 3.75, 4, 4.5, 6, 8, 10, 12) and their corresponding weights (Fig. 2, Table 7 in 
Appendix B). These 15 classes were divided by 100, to show the real values of 
aoi_vegmodel multiplied with the fuel load model, in the layout (Fig. 11). Areas with 
value 0 have a low fire risk (no vegetation and 0 tons of fuel/acre) and areas with 
value 12 have a high fire risk (dry vegetation and >6 tons of fuel/acre).  
 
Fuel load model  Vegetation   Result  
    Moisture model     

1 4 6  100 200 75  100 800 450
0 4 6 * 100 200 200 = 0 800 1200
3 6 5  75 200 100  225 1200 500

Table 6.  This is an example of what happens when you multiply the Vegetation  
      Moisture model (built using NDVI index) with the fuel load model. 
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Figure 11. Modified fuel load/vegetation moisture model (ndvi_fuelmod). 
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Since there were no previous weightings for the fuel load/vegetation moisture model, 
we developed our own weightings. Figure 2 in Methods shows how we weighted each 
class. Figure 12 shows how fuel load/vegetation moisture model affects fire risk in 
our study area using weights in Figure 2. 
 

   
Figure 12. The affect of Fuel load/vegetation moisture model on fire risk. 
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Remaining fire risk components 
 
Figure 13 shows how the fuel load affects the fire spread rate in our study area. 
 

  
Figure 13. The affect of Rate of Spread of fire by fuel load. 
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Figure 14 shows how the intensity of a fire is affected by the fuel load in our study 
area. 
 

 
Figure 14. The affect of fire intensity by fuel load. 
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Figure 15 shows how rate of spread increases in areas with a steeper slope and 
therefore these areas have a higher risk. 
 

 
Figure 15. Rate of Spread depending on slope. 
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Figure 16 shows how Suppression Difficulties, depending on slope, affects the fire 
risk in our study area. The Suppression Difficulties increase on areas with a steeper 
slope than areas not as steep. Therefore, those areas have a higher fire risk. 
 

 
Figure 16. Suppression Difficulties.
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Figure 17 shows how the sun position and daily temperature affects fire risk in our 
study area. 
 

Figure 17. How sun position and daily temperature affects the fire risk.  
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Figure 18 shows how response time affects the fire risk in our study area. This map 
does not have the same risk scale as the other fire model components. It takes the 
firefighters in Lava Hot Springs 5 minutes to respond, which gives the whole area the 
highest risk. This map is only hypothetically showing the risk level if Lava Hot 
Springs had a non-volunteer fire station. 
 

 
Figure 18. The distribution of the response time in our study area.  
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Figure 19 shows the fire model components added together as a complete WUI risk 
model. 
 

 
Figure 19. The result of all wildfire model components together. 
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Figure 20 shows our complete fire risk model, including fires occurring after 1999, 
shown as unclassified risk. 
 

 
Figure 20. Final Wild land/Urban Interface model (WUI). 
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Discussion 
 
Early in this project we determined thresholds for no-, dry-, and moist vegetation 
using NDVI. We chose the value 0.01 as a threshold between no vegetation and 
general vegetation based on where and how well the NDVI values matched a DOQQ. 
We also visited Lava Hot Springs to observe the vegetation and insure it matched 
well. We chose the second threshold (separating dry vegetation from moisture 
vegetation) using similar methods. The NDVI value of 0.17 was the threshold limit 
between dry vegetation and moist vegetation. We based this on the vegetation 
observed in and around Lava Hot Springs. There is quite a lot of moist vegetation in 
this area and we believe, by reviewing the DOQQ, the threshold between dry 
vegetation and moist vegetation is best approximated at 0.17.  
 
After making the thresholds we chose one vegetation model to our study area. 
According to the analysis where we compared the GAP model with the DOQQ  
(Fig. 9, Table 5), vegetation was in the area, even when the GAP model did not show 
any. Accordingly, we chose the NDVI grid for our vegetation model. 
 
We created a new grid from the NDVI grid, so the “dry vegetation”, which is most 
important from a fire perspective, was more heavily weighted relative to the “moist 
vegetation” and “no vegetation” classes.  
 
After estimating the different fire model components, we decided (with Keith T. 
Weber) how important each component is to the fire risk model. We determined that 
all the Fuel Load variables were of upper most importance to the fire risk model; the 
first being Fuel Load/Rate of Spread. This was followed in importance by Fuel 
Load/Vegetation Moisture, Fuel Load/Intensity, Slope/Suppression Difficulties, 
Slope/Rate of Spread, and Aspect/Sun Position and Daily Temperature. 
 
Fuel load/Rate of Spread 25% (of total fire risk model) 
The Fuel load/Rate of Spread component got the highest risk. This is because fast 
spreading fires are the most dangerous fires. It also gives the firefighters a shorter 
time to suppress the fire before it gets to the urban areas. 
 
Fuel load/Vegetation Moisture 23% 
The Fuel load/Vegetation Moisture component received the second highest risk. Dry 
vegetation with moderate fuel loads are good conditions for a fire. 
 
Fuel load/Intensity 20% 
The Fuel load/Intensity component also has a significant risk to communities. Thus if 
firefighters do not suppress the fire, it will keep spreading. 
 
Slope/Suppression Difficulties 17% 
The Slope/Suppression Difficulties component is a substantial fire hazard. If 
firefighters cannot reach the fire, it will keep burning although other components 
describe the area as low risk. 
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Slope/Rate of Spread 10% 
The Slope/Rate of Spread component is also a high risk for communities. The 
Slope/Rate of Spread is dependant on the topography of the land. The topography is 
not as important for the fire risk as the Fuel Load and for this reason we rated 
Slope/Rate of Spread below Fuel Load/Rate of Spread. 
 
Aspect/Sun position and Daily temperature 5% 
The Aspect/Sun position and Daily temperature component is rated relatively low. If a 
fire starts on a hot day, at the end of the summer (when most of the wildfires occur), 
the direction the slope is facing is less important. 
 
When we had added together the fire model components, we realized that it did not 
include fires that occurred after 1999. We added these fires to the final model and 
categorized the areas as “unclassified”. Therefore, we could no longer rely upon the 
fire risk model. Nor could we set a fire risk for those areas, thus we gave them the 
value “unclassified”. 
 
Since much of this project is based on estimations and expert knowledge of 
individuals, the purpose for it is not to be a final product. The goal for our model is to 
be a tool to assist fire managers and decision-makers. As we treated each analysis 
separately, we believe the results have accuracy adequate to fit this purpose. We 
further believe our model gives a good overview of the fire risk in our study area and 
that it is easy to understand. Because the model is easy to understand, it should be 
applied to other users, which was a primary objective with this study. More research 
can be done on the different components and further development can be made on the 
unclassified areas in the final WUI fire risk model. 
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Error and bias assignments 
 
All estimations in this report are made based upon our knowledge of the criteria. We 
have also discussed our analyses and results with Keith T. Weber. For weighting all 
our analyses, except for the fuel load/vegetation moisture model, we used the same 
weightings that were used during the City of Pocatello project [1].  
 
When we weighted the fuel load/vegetation moisture model by worst-case scenario, 
we discovered that some classes could be calculated in two ways (e.g. class 6 could be 
Fuel load 3 (2 tons/acre)*2 (dry vegetation) and 6 (>6 tons/acre)*1 (no vegetation)). 
We discovered that many pixels in the grid had the latter combination (Appendix D). 
It is unlikely that you could have a combination of high fuel load (6) and no 
vegetation (1) in the grid. NDVI only recognizes vegetation with chlorophyll. This 
means there could be areas with a high amount of fuel, but vegetation (fuel) that is 
very dry. The NDVI will therefore not recognize it as vegetation. 
 
The fuel load model had difficulties detecting juniper in some areas, but it was 
validated during the summer of 2002. Unfortunately, our WUI fire risk model used an 
older fuel model. Another problem with our fire risk model was fires occurring after 
1999 were not included. This resulted in “unclassified” areas in our final model, 
because we could not classify the fire risk in those areas. 
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Appendix A – Cartographic Model 
 
Cartographic Model 
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Description 
 
1 We converted the DEM quadrangles to DEM-lattice in ArcInfo Workstation. 
2 We merged the DEM lattices together with ArcInfos mosaic. 
3 By using the footprint of the merged grid, we created a “cookie cutter” with 

gridclip. 
4 We converted the image to grid with ArcInfos imagegrid. 
5 By using the cookiecutter, we clipped the fuelmodel. 
6 By using the cookiecutter, we clipped the streets. 
7  By using the cookiecutter, we clipped the vegetation. 
8 We reclassed the vegetation by using Spatial Analyst’s reclassify. 
9 We converted the image to grid with ArcInfos imagegrid. 
10 By using the cookiecutter, we clipped the Emergency Response Time Model. 
11 We converted the satellite band images to grids with ArcInfos imagegrid. 
12 To make the grids able to handle decimals, we used the ArcInfos float. 
13 In grid we made aoc_ndvi = (f_satb4 - f_satb3) / (f_satb4 + f_satb3). 
14 By using the cookiecutter, we clipped the ndvi to our area of concern. 
15 In raster calculator we made classes for everything > 0, 0.05, 0.1, 0.15, .0.2, 

0.25 and 0.3, then we compared these with aoi_lavaveg. 
16 We multiplied aoi_lavavegrc and the ndvi classes to see if the NDVI classes 

say it is vegetation where aoi_lavavegrc says it is paved urban. 
17 We made three new classes of the ndvi, no veg, dry veg and moist veg. 
18 We multiplied aoi_vegmod with aoi_lavafuel. 
19 We made a hillshade to make it easier when we compare different grids. 
20 We made a slope from aoi_lavadem in Spatial Analyst  surface analysis  

slope. 
21 We reclassed the slope grid to the “suppression difficulties” values. 
22 We reclassed the slope again but to the “rate of spread” values. 
23 From aoi_lavadem we made an aspect in Spatial Analyst  surface analysis  

 aspect. 
24 We reclassed the aspect to the “aspect/sun position and daily temperature” 

values. 
25 We reclassed the aoi_fuelmodel to the “rate of spread” values. 
26 We reclassed the aoi_fuelmodel again but to the “fire intensity” values. 
27 From aoi_lavastreet and lava fire dept (position of fire station), we made 

lava_response  in Network Analyst - service area. 
28 We converted lava_response to a grid. 
29 We weighted the whole lava_response with 10 and got response_time. 
30 We weighted the ndvi_fuelmodel, which resulted in aoi_fuelveg. 
31 We merged aoi_lavaros, aoi_lavasup, aoi_lavaasprc, aoi_fuelros, 

aoi_fuelintco, and aoi_fuelveg by adding them together. 
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Cartographic model 
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Description 
 
1 We selected all fires from 2000 and then we converted them to a grid. 
2 We clipped lava_f2000 with the cookiecutter in gridclip. 
3 We selected the fire within our area of interest. 
4 We converted feature to grid. 
5 We merged aoi_f200 and aoi_f2001 together by adding them (No Data=0 in 

both). 
6 We reclassed aoi_f00-01 (fire 2000 = 0, fire 2001 = 0, No Data=1). 
7 With arithmetic, we multiplied lava_wui and f00-01_mask. 
8 We reclassed aoi_f00-01 (fire 2000 = 1, fire 2001 = 1, No Data=0). 
9 With arithmetic, we multiplied F00-01 and reset, and we have our final 

product. 
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Appendix B – Weightings  
 
These tables show the weightings we used to weight our fire risk model components. 
Tables 8 – 13 was first used for the Pocatello project but could be reused in the Lava 
Hot Springs project. Table 7 was used for the Lava Hot Springs project only. 
 
 
 
 
 

  
Table 7 Weighting data for Fuel load/ Table 8. Weighting data for Fuel  
Vegetation Moisture. Compare with load/Rate of Spread. Compare 
figure 2 in report. with figure 3 in report. 
 
 
 
 
 
 
 

  
Table 9.  Weighting data for Fuel Table 10.  Weighting data for Slope/Rate  
of  load/Intensity. Compare Spread. Compare with figure 5 in report 
with figure 4 in report.  
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Table 11. Weighting data of Slope/ Table 12. Weighting data of Aspect/Sun  
Suppression Difficulties. position and Daily temperature. 
Compare with figure 6 in report.  Compare with figure 7 in report 
 
 
 
 
 
 
 
 
 

 
Table 13. Weighting data of  
Response time. Compare with  
figure 8 in report. 
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Appendix C – Data dictionary 
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Appendix D – Errors in the worst criteria scenario 
 
 
This figure shows the different ways to calculate the Fuel Load/Vegetation Moisture 
classes. The fuel load/vegetation moisture model is the result of vegmodel (NDVI-
based grid) and lavafuel (fuel load model) multiplied together. It also shows how 
many pixels each way of calculation has in the grid. 
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Appendix E – Web page in HTML 
 
Main page 
 
<HTML> 
<HEAD> 
<META NAME="FILE" CONTENT="PATH NAME TO BE BUILT LATER"> 
<META NAME="AUTHOR" CONTENT="Keith T. Weber"> 
<META NAME="Keywords" CONTENT="Idaho, GIS, Remote Sensing, GPS, GIS, 
GIS, GIS, GIS, GIS, GIS, GIS, GIS, GIS, GIS, GIS, GIS,  
Idaho, Idaho, Idaho, Idaho, Idaho, Idaho, Idaho, Idaho, Idaho, Wildlife, Ecology, 
Range, Visual Basic, VB, GIS Center, 
Luleå tekniska universitet, LTU"> 
<TITLE>BLM_Wildfire project</TITLE> 
</HEAD> 
<BODY LINK="cyan" VLINK="#A51717" BGCOLOR="#000000"> 
<P> <CENTER><IMG SRC="../../../graphics/blmfire_title.jpg"></P> 
<B><FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="6"> 
Wildland/Urban Interface and Communities at risk<P></CENTER> 
 
<P><CENTER> 
 
<A HREF="http://www.blm.gov"><IMG SRC="../../../graphics/blmlogo1.jpg" 
BORDER=0></A> &nbsp &nbsp &nbsp &nbsp &nbsp 
<A HREF="http://www.isu.edu"><IMG SRC="../../../graphics/isu_scan.jpg" 
BORDER=0></A> &nbsp &nbsp &nbsp &nbsp &nbsp 
<A HREF="http://www.nasa.gov/"><IMG SRC="../../../graphics/hotnasa.gif" 
BORDER=0></A>   
</CENTER></P> 
 
<A NAME="wui_lava"></A> 
<B><FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="5"><P 
ALIGN="CENTER"> 
</P> 
 
 
<B><FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="5"><P 
ALIGN="CENTER"> 
 
 
<BR><B><FONT COLOR="White" FACE="Technical,Comic Sans MS" 
SIZE="4"><P> 
Background for the projects: 
</B> 
</P> 
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<FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="3"> 
 
Wildland/Urban Interface fires and communities at risk are high priorities to federal 
land management agencies. It is important that the federal government educates 
homeowners, firefighters, local officials and land managers regarding the value and 
risk of wildland fire. The Bureau of Land Management (BLM) Upper Snake River  
District (USRD) Geographic Information Systems (GIS) team, in cooperation with 
Idaho State University’s (ISU) GIS Training and Research Center (GIS TreC), have 
created models to predict potential fire risk in areas around the Town of Lava Hot 
Springs, and the City of Pocatello, Idaho. <BR> 
A project called Historic Wildfires which shows an overall decreasing trend in acres 
burned from 1939-1997 was also made in cooperation between the BLM USRD GIS-
team and the ISU. The project was about convert data from hand drawn wildfire maps 
to digital wildfire maps and produce a topologically correct, minimally attributed 
"Fire polygon history GIS".  
<BR> 
<B><FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="3"> 
<BR> 
 
<CENTER><IMG NAME="Idaho_maplink0" 
SRC="../../../graphics/Idaho_maplink.jpg" WIDTH="184" HEIGHT="267" 
BORDER="0" USEMAP="#Idaho_maplink"> 
 
<MAP NAME="Idaho_maplink"> 
<AREA SHAPE="rect" COORDS="59,222,140,236" 
HREF="http://giscenter.isu.edu/research/techpg/blm_fire/poky.htm" ALT="Pocatello  
WUI Risk model"> 
<AREA SHAPE="poly" 
COORDS="20,240,143,241,143,234,153,234,152,255,18,256" 
HREF="http://giscenter.isu.edu/research/techpg/ 
blm_fire/lava.htm" ALT="Lava Hot Springs WUI Risk model"> 
</MAP> 
 
<P>Click on the map or use one of the links below.</P> 
 
<BR> 
 
<TABLE BORDER=0 CELLSPACING=1 CELLPADDING=7 WIDTH=590> 
<TR> 
<TD WIDTH="33%" VALIGN="TOP"><FONT COLOR="White" 
FACE="Technical,Comic Sans MS" SIZE="4"> 
<P><A HREF="http://giscenter.isu.edu/research/techpg/blm_fire/poky.htm"><IMG 
SRC="../../../graphics/wui.jpg" WIDTH=180 HEIGHT=40 BORDER=0></P></A> 
<P> &nbsp &nbsp &nbsp <A 
HREF="http://giscenter.isu.edu/research/techpg/blm_fire/poky.htm"> City of 
Pocatello</A></TD> 
<TD WIDTH="33%" VALIGN="TOP"><FONT COLOR="White" 
FACE="Technical,Comic Sans MS" SIZE="4"> 
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<P><A HREF="http://giscenter.isu.edu/research/techpg/blm_fire/lava.htm"><IMG 
SRC="../../../graphics/wui.jpg" WIDTH=180 HEIGHT=40 BORDER=0></P></A> 
<P> &nbsp &nbsp &nbsp <A 
HREF="http://giscenter.isu.edu/research/techpg/blm_fire/lava.htm"> Lava Hot 
Springs</A></TD> 
<TD WIDTH="33%" VALIGN="TOP"><FONT COLOR="White" 
FACE="Technical,Comic Sans MS" SIZE="4"> 
<P><A HREF="http://giscenter.isu.edu/research/techpg/blm_fire/histfire.htm"><IMG 
SRC="../../../graphics/histfire.jpg" WIDTH=180 HEIGHT=40 
BORDER=0></P></A> 
<P> &nbsp &nbsp &nbsp <A 
HREF="http://giscenter.isu.edu/research/techpg/blm_fire/histfire.htm"> Historic 
Wildfire</A></TD> 
</TR> 
</TABLE> 
<BR> 
<BR> 
<BR> 
 
<FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="3"> 
<P ALIGN="center"><A HREF="http://giscenter.isu.edu"><IMG BORDER="0" 
SRC="../../../graphics/Home.jpg" ALT="Home"></A> 
<P ALIGN="CENTER"> Page created July-August, 2002 by Cecilia Jansson and 
Oskar Pettersson.</font> 
 
</P> 
</HTML> 
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Lava Hot Spings page 
 
<HTML> 
<HEAD> 
<META NAME="FILE" CONTENT="PATH NAME TO BE BUILT LATER"> 
<META NAME="AUTHOR" CONTENT="Keith T. Weber"> 
<META NAME="Keywords" CONTENT="Idaho, GIS, Remote Sensing, GPS, GIS, 
GIS, GIS, GIS, GIS, GIS, GIS, GIS, GIS, GIS, GIS, GIS,  
Idaho, Idaho, Idaho, Idaho, Idaho, Idaho, Idaho, Idaho, Idaho, Wildlife, Ecology, 
Range, Visual Basic, VB, GIS Center,  
Luleå tekniska universitet, LTU"> 
<TITLE>BLM fire project - Lava Hot Springs</TITLE> 
</HEAD> 
<BODY LINK="cyan" VLINK="#A51717" BGCOLOR="#000000"> 
<B><FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="6"><P 
ALIGN="CENTER"> 
Lava Hot Springs<P>  
 
<P ALIGN="CENTER"> 
 
<A HREF="http://www.blm.gov"><IMG SRC="../../../graphics/blmlogo1.jpg" 
BORDER=0></A> &nbsp &nbsp &nbsp &nbsp &nbsp 
<A HREF="http://www.isu.edu"><IMG SRC="../../../graphics/isu_scan.jpg" 
BORDER=0></A> &nbsp &nbsp &nbsp &nbsp &nbsp 
<A HREF="http://www.nasa.gov/"><IMG SRC="../../../graphics/hotnasa.gif" 
BORDER=0></A> 
</P> 
 
<B><FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="5"><P 
ALIGN="CENTER"> 
</P> 
 
 
<B><FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="5"><P 
ALIGN="CENTER"> 
Wildland/Urban Interface Communities at Risk Fire Model<P>  
 
<B><FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="3"><P> 
Project Coordinator:  
 
</B><A HREF="mailto:webekeit@isu.edu">Keith Weber</A> and <A 
HREF="mailto:felicia_burkhardt@blm.gov">Felicia Burkhardt</A> 
<BR><B>Project Trainees: </B> 
<A HREF="mailto:cecjan-9@student.luth.se">Cecilia Jansson</A> and 
<A HREF="mailto:oskpet-9@student.luth.se">Oskar Pettersson</A> 
<BR> 
</P> 
 
<BR> 
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<FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="3"> 
<B>Project Goal: </B><BR> 
 
During this project we wanted to create maps of wildland/urban interface areas, 
identify structures encroaching on wildland areas, map road access and potential 
response times, predict suppression methodologies, and identify areas at risk for Lava 
Hot Springs, Idaho. To create a wildland/ urban interface fire model, the criteria that 
were considered are topography and vegetation characteristics, and suppression 
access. After making the different analysis, we made conclusions of the effect each 
criterion will have on the model, and the result as a complete model.  Our study area 
is the four DEM-quadrangles Lava Hot Springs, Sedgewick Peak, Haystack Mountain 
and Bancroft, Idaho. 
 
<BR> 
<B><FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="3"> 
<BR> 
Analysis:<BR></B> 
We looked into how much impact each fire model component had on the fire risk in 
Lava Hot Springs, Idaho. We weighted the components differently depending on how 
important they are. Then we put all of the components together into one grid to 
complete the fire model.  
<BR> 
<B><FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="3"> 
<BR> 
Result :<BR></B> 
The result is a grid showing a range of fire risk in the Lava Hot Springs area. The 
scale goes from 0 to 10, where 10 is high fire risk. There were fires in the area in 2000 
and 2001 and we have included them as unclassified fire risk.  
<BR>Look at the fire risk model. 
<P ALIGN="CENTER"><A HREF="firemodel_lava.htm"><IMG 
SRC="../../../graphics/aoi_weighted_fire_risk.jpg" width=400 
BORDER=0></P></A> 
<FONT COLOR="White" FACE="Technical,Comic Sans MS" SIZE="3"><P 
ALIGN="CENTER"> 
Click on the image to see the high resolution model</P> 
 
<CENTER><FONT COLOR="White" FACE="Technical,Comic Sans MS" 
SIZE="3"> 
 
<P> A <A HREF="wildfire_report_lava.pdf"> report</A>  detailing our research is 
available on-line. You will need  
<A HREF="http://www.adobe.com"><IMG SRC="../../../graphics/acrobat.gif" 
BORDER="0" ALT="Get Acrobat Reader"></A> to view this file.</P> 
<P>Visit <A HREF="http://www.luth.se"> Lulea University of Technology </A> in 
Sweden, where we study GIS.</P> 
<A HREF="http://www.luth.se"><IMG SRC="../../../graphics/luth_logo.jpg" 
width=200 BORDER="0" ALT="Go to Luleå University of Technology"></A> 
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<P ALIGN="CENTER"> <FONT COLOR="White" FACE="Technical,Comic Sans 
MS" SIZE="3">Special thanks to  
 
<A HREF="mailto:felicia_burkhardt@blm.gov"> Felicia Burkhardt</A>,  
GIS cordinator, Upper Snake River District, <A 
HREF="http://www.blm.gov/">BLM</A>, and 
<A HREF="mailto:webekeit@isu.edu"> Keith Weber</A> GIS Director at ISU. 
<BR> 
 
<P ALIGN="CENTER"> <FONT COLOR="White" FACE="Technical,Comic Sans 
MS" SIZE="4"> 
<P> <CENTER><A HREF="wui_main.htm">Back to mainpage</A></P> 
 
<P ALIGN="center"><A HREF="http://giscenter.isu.edu"><IMG BORDER="0" 
SRC="../../../graphics/Home.jpg" ALT="Home"></A> 
<P ALIGN="CENTER"> <FONT COLOR="White" FACE="Technical,Comic Sans 
MS" SIZE="3"> Page created July-August,  
2002 by Cecilia Jansson and Oskar Pettersson.</font> 
</P> 
</HTML> 
 


