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Modeling Topography and Fuels 
 at the Wildland/Urban Interface
By Mike Price, Entrada/San Juan, Inc., and Firewise Communities

Since 1900, the population in the United States 
has more than tripled. As more people move 
into often remote forest and grassland areas, 
the more lives, property, and natural resources 
are exposed to risk from wildfire. This com-
plex landscape is commonly referred to as the 
Wildland/Urban Interface (WUI).
 The National Firewise Communities Pro-
gram, sponsored by the National Fire Protec-
tion Association (NFPA), is a national inter-
agency program that encourages partnerships 
among communities, home owners, private 
industry, Indian nations, and public agencies 
to develop and implement local solutions for 
wildfire preparedness—before a fire starts. 
 While recognizing that wildfires are a natu-
ral process, Firewise Communities believes 
that “with adequate planning and cooperation 
among varying interests, wildfires can occur 
without disastrous loss of life, property, and 
resources.” The National Firewise Communi-
ties Program provides WUI resources for fire-
fighter safety, community planning, landscap-
ing, construction, and maintenance that help 
protect people, property, and natural resources 
from wildland fire.
 ArcGIS plays a large role in mapping, as-
sessing, and mitigating the wildfire hazard 
risks. Since 1999, ESRI has provided grants of 
advanced spatial modeling software to nearly 
30 communities across the United States. 
NFPA provides technical support that helps 
these communities and their strategic partners 
map, understand, and resolve WUI hazards.
 The NFPA Standard 1144—Standard for 

owner association members, environmental 
specialists, and emergency service profession-
als—have attended Firewise workshops.
 This article uses National Workshop train-
ing data to present an innovative solution for 
building and mapping topographic and vegeta-
tion hazards using the NFPA 1144 scoring. This 
method is appropriate for WUI hazard mapping 
anywhere in the world. It is also adaptable for 
any process that necessitates the association of 
numeric information from integer or continu-
ous grids with points across a landscape.

Getting Started
Download the Bear Heights training dataset 
from ArcUser Online at www.esri.com/arcuser. 
Use WinZip to uncompress the dataset. Allow 
the archive to unzip into pathed subdirectories. 
Inspect the data in both Windows Explorer and 
ArcCatalog. In ArcCatalog, open the SHPFiles 
directory and examine the files.
 Notice that limited metadata is available 
and the coordinate system is rather unusual. 
This training dataset is intended for use across 
the country and is not registered in a stan-
dard projection. It was built in Falls County 
State Plane North American Datum of 1983 
(NAD83) Central Zone and with mapping 
units of U.S. feet. In the directory structure, 
this special coordinate system is abbreviated as 
\FCSP83CF\.
1. Start ArcMap and open a blank map docu-

ment. Right-click on the Data Frame name, 
choose Properties, and use the Data Frame 
Properties dialog box to rename it to Bear 
Heights Model. 
2. Click on the Coordinate System tab, click 
the Import button, and navigate to BearHgts\
shpfiles\fcsp83cf\bh_homes.shp. Click OK to 
close the Data Frame Properties window.
3. Choose File > Map Properties and click Data 
Source Options. Choose Store Relative Path 
Names. Save the new project as BearHgt1.
Note: If the coordinate system has not already 
been set for the Data Frame and the first da-
taset loaded into a new data frame includes 
projection information, ArcMap will use that 
information. Be absolutely certain that this in-
formation is correct! Too often, problems are 
caused by incorrect projection information be-
ing initially loaded. 
4. Load the Layer files (*.lyr) for the shapefiles 
and Falls County Topography Grid into the 
data frame from \BearHgts\lyrfiles\fcsp83cf. 
5. Because projection is set, the map units are 
defined and the scale can be used to zoom to 
the Bear Heights area. Right-click on the Bear 
Heights Subdivision layer, select Zoom to Lay-
er, and set the zoom scale to 1:24,000. 
6. Right-click on the Bear Heights Homes 
layer, open the attribute table, and notice that 
some fields are populated with zeros. 
 When homes at the WUI are assessed and 
rated, several spatial components are very im-

ArcGIS plays a large role in map-
ping, assessing, and mitigating the 

wildfire hazard risks. 

Protection of Life and Property from Wild-
fire (2002) presents a standardized, numerical 
system for rating and reducing threats to life 
and property in the WUI. The standard consid-
ers many factors, such as access, egress, sig-
nage, building construction, building location, 
the existence of defensible/survivable space, 
utilities, vegetation/fuels, topography, special 
weather, and spatial concerns.
 Since 1999, the National Firewise Com-
munities Program has supported Firewise 
workshops across the country. GIS technology, 
provided by ESRI, empowers these dynamic 
workshops with an interactive discussion fo-
rum, community mapping, and wildfire simu-
lations. A wide variety of community repre-
sentatives—planners, business leaders, home 
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What You Will Need
•  ArcIMS 9 (ArcView, ArcEditor, or ArcInfo license)
•  ArcGIS Spatial Analyst extension
•  ArcGIS 3D Analyst extension
•  Sample data downloaded from ArcUser Online
•  An unzipping utility such as WinZip

Continued on page 60

After setting the coordinate system for the 
Data Frame, open the attribute table for the 
Bear Heights Homes layer. Notice that some 
fields are populated with zeros.

portant. Slope is one of these components. It 
is derived from topography and measured in 
percent (rise/run). Fuels, another component, 
is defined from vegetation models and other 
criteria. The slope and fuel hazard maps made 
in this exercise could be used to study the fire 
hazards using NFPA Standard 1144. 

Creating a Hillshade
Slope is critical when modeling fire spread 
and intensity. When building in steep, irregu-
lar, vegetated terrain, slope and aspect need 
to be considered when placing and landscap-
ing the structure. This exercise uses 30-meter 
digital elevation model (DEM) data to create 
a hillshade for visual effect and then to derive 
slope.
1. Activate the ArcGIS Spatial Analyst exten-
sion and its toolbar. On the Spatial Analyst 
menu drop-down, choose Options. In the dia-
log box, click on the General tab and set the 
working directory to \BearHgts\GRDFiles\
FCSP83CF\. 
2. Click on the Extent and Cell Size tabs and 
set each to Same as Layer “Falls County To-
pography Grid.” Leave other parameters un-
changed, click OK, and save the project.
3. In the Spatial Analyst toolbar, make Falls 
County Topography Grid the selected Spatial 
Analyst Layer. Click on the drop-down menu 
and choose Surface Analysis > Hillshade. 
Leave the other parameters unchanged and 
name the Output Raster hlsh_30 and place it 
in the \BearHgts\GRDFiles\FCSP83CF\ di-
rectory. Click OK and wait while the data is 
processed.

Use the Falls County Topography Grid to derive slope.

4. After the hillshade is created and loaded, 
drag it above the Falls County Fuels Poly layer 
and rename it Falls County Hillshade. Open 
this layer s̓ Properties, click the Display tab, 
and set the transparency to 50 percent. 
 Placing the semitransparent Falls County 
Hillshade above all grids and polygons helps 
visualize terrain and other information with-
out modifying many layers. Note that the Bear 
Heights homes are located on a ridge in an area 
with fairly hazardous fuels.

Deriving a Slope
Falls County Topography Grid can also be 
used to derive slope. 
1. To derive slope, reopen Surface Analysis and 
select Slope. Specify Falls County Topography 
Grid as the Input surface and specify Percent 
for Output measurement. Name the Output 
raster slop_pct and place it in the \BearHgts\
GRDFiles\FCSP83CF\ directory. All units, 
horizontal and vertical, are feet so the Z fac-
tor remains 1. Click OK and let the grid build 
and load. 
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2. When the process is completed, drag it be-
low the Falls County Hillshade and rename it 
Slope Grid, Percent. 
3. Create a legend using a manual classifica-
tion that has five classes: < 10, 10–20, 20–30, 
30–40, 40+. Save the project.

Convert Fuels Shapefile to a Grid
Open the attribute table for Falls County Fu-
els Poly and study the GRIDCODE and FUEL 
fields. Low hazard light fuels are assigned code 
values of 1, while high hazard Slash areas are 
assigned a value of 4. The GRIDCODE field 
will be used to create a fuels grid so that fuel 
values are on a scale of 1 to 4. 
1. Close the Fuels Poly attribute table. Click 
on the Spatial Analyst toolbar drop-down 
menu, and choose Convert > Features to Ras-
ter. Specify Falls County Fuels Poly as the 
Input features, GRIDCODE as the Field, and 
\BearHgts\GRDFiles\FCSP83CF\fuel_cod as 
the Output raster. Click OK.
2. Add the new layer and drag the Falls County 
Hillshade above it, and rename the new layer 
Falls County Fuels Grid. 
3. Create a Unique Value legend showing 
the fuel classification and color as follows: 
0–Water (Yogo Blue), 1–Light Fuel (Olivine 
Yellow), 2–Medium Fuel (Macaw Green), 
3–Heavy Fuel (Spruce Green), and 4–Slash 
(Raw Umber). Save the project.

Extracting Values From Grids
The next three sections will describe how to as-
sociate slope values in the Slope Grid, Percent 
grid with individual homes in the Bear Heights 
Homes layer. After editing the homes attri-
bute table, ArcGIS 3D Analyst will be used to 
convert the homes data from two-dimensional 
points to three-dimensional points. 
 First, the Bear Heights Homes attribute 
table will be simplified. The Index, Z_Value, 
SlopePct, and Fuel_1 fields are very impor-
tant in this table, but the others wonʼt be used. 
The Index field will be used as the key field to 
join this table with other tables. SlopePct is the 
slope field and Fuel_1 is the fuel code field. The 
Z_Value field will be used to extract values.
1. Right-click on the Bear Heights Homes lay-
er, choose Properties, and click on the Fields, 
tab. Uncheck all fields except FID, Shape, ID, 
Index, and Z_Value. A shortcut: Initially dese-
lect all fields by holding the Control button and 
clicking on any checked field, then check the 
field needed. Click OK. 
2. Reopen the Bear Heights Homes attributes 
table and see how much simpler the table is 
now. Close the table.
3. Right-click on Bear Heights Homes and 
choose Data > Export Data to create a simpli-
fied shapefile with a subset of attributes. Name 
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Use Spatial Analyst to convert the Falls County Fuels Poly shapefile to a grid using the 
GRIDCODE field. Rename the output file Falls County Fuels Grid and create a unique value legend.

the new shapefile 2DHomes0.shp and save it in 
the \BearHgts\SHPFiles\FCSP83CF subdirec-
tory. Let the new file load and apply appropri-
ate symbology. Do not rename it.

Converting Points From 2D to 3D
Three-dimensional points are useful because 
they display more quickly and do not require 
additional surface data. 
1. Activate the ArcGIS 3D Analyst extension 
and toolbar. 
2. Click on the 3D Analyst toolbar drop-down 
menu and choose Convert > Features to 3D. 
Specify 2DHomes0 as the Input features; 

Slope Grid, Percent as the Raster or TIN sur-
face; 3DHomes1.shp as the output file; and 
\BearHgts\SHPFiles\FCSP83CF\ as the out-
put directory. Do not use any spaces in the file 
name. 
3. Click OK to create the 3D point set for slope 
and let it load. Open its table and notice that the 
Shape type is now set to Point ZM and the ID 
field is reset to 0. 
 It is now apparent why the Index field is 
needed. The Z_Value is ready to be calculated 
for the Bear Heights Homes three-dimensional 
points. 

In 3D Analyst, use Convert > Features to 3D to convert 2DHomes0 to three-dimensional 
features using Slope Grid, Percent as the Raster or TIN as the surface. Name the output file 
3DHomes1.shp.
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Modify the VBScript from the ArcGIS Help and use it to calculate the Z values. 

Bear Heights
Homes

SHAPEFILE

In 3D Analyst,
convert features
to raster using

Slope Grid,
Percent

Simplify attribute
table

2DHomes0
SHAPEFILE

Join 3DHomes1
and Bear Heights

Homes tables

Joined
TABLE

Populate
bh_homes.SLOPEPCT

field

Calculate values of
Z_VALUE field
using VBScript

3DHomes1
SHAPEFILE

Use the derived data layers 2DHomes0; 
3DHomes1; and Slope Grid, Percent and a 
modified VB code copied from ArcGIS Help to 
generate slope hazard values. 

Calculating Z_Values
Before calculating the Z_Value, press F1 to 
open the ArcGIS Desktop Help. Search on the 
topic “Making field calculations in ArcMap.” 
Display the main topic and open the subtopic 
“Adding the x,y Coordinates in a Point Layer 
to a New Field.” These instructions tell how 
to extract x and y coordinates but not Z coordi-
nates, but some minor changes will make that 
possible. 
1. Select and copy the text block that begins 
“Dim dblX As Double” into the Windows clip-
board. Return to the 3DHomes1 table, right-
click on the Z_Value field header, and select 
Calculate value. 
2. In the Field Calculator, check the Advanced 
box to open a Pre-Logic VBA Script Code box 
and paste the help text copied from the clip-
board into this window. 
3. Change all occurrences of dblX to dblZ and 
change pPoint.X to pPoint.Z. Type dblZ in the 
Z_Value box. It should match Listing 1. Click 
OK and look at the calculated fields. These val-
ues represent the percent slope at each home 
that has been derived from the 30-meter DEM. 
Save the project.

Dim dblZ As Double
Dim pPoint As IPoint
Set pPoint = [Shape]
dblZ = pPoint.Z
Listing 1

Calculating SlopePct Values
The next step will be to temporarily join this 
table back to the original Bear Heights Homes 
attribute table and populate the SlopePct field. 
1. Join the 3DHomes1 table to Bear Heights 
Homes using INDEX (not the ID) field. Re-

view ArcGIS Desktop Help on Joins if neces-
sary. Click Yes to perform indexing. 
2. Find the bh_homes.SLOPEPCT field and 
right-click on its field header. Select Calculate 
Values and type 

[3DHomes1.Z_VALUE]

into the calculation window. Click OK. 
3. Save the project. Right-click on Bear Heights 
Homes and choose Tables > Remove Joins. 

Repeat for Fuels Grid
The process just performed to associate Slope 
Grid, Percent with Bear Heights Homes is 
repeated using 2DHomes0.shp with the Falls 

County Fuels Grid to associate fuel values with 
individual homes. These steps are outlined be-
low. 
1. In ArcGIS 3D Analyst, choose Convert > 
Features to 3D. Again use 2DHomes0 as the 
Input Features, use Falls County Fuels Grid as 
the Raster or TIN surface, and name the out-
put 3DHomes2 and place it in the \BearHgts\
SHPFiles\FCSP83CF folder. 
2. Extract the Z value for fuels by using the 
Field Calculator and the modified VB code 
shown in Listing 1. Make sure all occurrences 
of X are changed to Z. 
3. Join 3DHomes2 to Bear Heights Homes on 
the INDEX field.

Join the 3DHomes1 attribute table back to the original Bear Heights Homes attribute table 
and populate the SlopePct field.
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Repeat the process 
by using the Falls 
County Fuels Grid 
to generate fuel 
hazard values.

4. Use the Field Calculator to populate the 
bh_homes.FUEL_1 field using the 3DHomes2.
Z_VALUE field.  
 Note that the Z values for fuels display a 
decimal fraction but are properly rounded in 
the calculation back into Bear Heights Homes.

Summary
Wildland specialists and trained community 
members regularly perform Firewise assess-
ments. Often, it s̓ challenging to automate re-
gional hazard assessment and extraction for 
these studies. The work flow presented in this 
article provides a logical process for calculat-
ing and extracting slope and fuel hazard values 
and associating these values with individual 
structures.
 A word of caution: End results are highly 
dependent on the quality of the input data, so 
use high-quality digital terrain or numeric 
grids that are properly projected and care-
fully review any derived values to verify ac-
curacy and validity! For more information on 
the Firewise Communities Program, visit the 
Firewise Web site at www.firewise.org.
 The author originally developed this pro-
cess in ArcView 3 to enhance a geologic model 
and more recently adapted it for ArcGIS 8 and 
then ArcGIS 9. In general terms, this procedure 
extracts values from a grid or triangulated ir-
regular network (TIN) surface and assigns the 
values to a two-dimensional point set. With 
this method, intermediate or advanced GIS us-
ers can extract and tabulate numeric values for 
many applications. Readers are encouraged to 
find new ways to apply this method. 

Right-click on bh_homes.SLOPEPCT field 
and use the Field Calculator to assign 
[3DHomes1.Z_VALUE] to this field.
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