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Fire-Climate-Society Model, Version 1 
(FCS-1)
Funded for 3 years, 
Feb. 2001-July 2004

Community and fire 
management 
orientations

Produces fire risk maps 
Catalina-Rincon, 
Huachuca, Chiricahua, 
Jemez Mtns

Provides information for 
strategic planning

Seasonal and longer 
time frames



Our Fundamental Research Questions

What are the climate and 
human dimensions of 
wildfire?

How do these interact to 
influence fire probability and
risk to landscape values?



How can we represent 
fire-climate-society 
interactions to assist 
strategic planning for 
wildland fire?

Our Fundamental Research Questions
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Characteristics of Model
Tailored to study sites 
Integrates climate 

Cues vegetation moisture 
conditions

Includes fire history
Fire return interval departure

Includes societal values
Data bases
Map interviews

Requires user input to weight 
model components

Analytic Hierarchy Process 
(AHP)

Features sophisticated web 
delivery



Web-based Delivery: WALTER

Hosts FCS-1
Provides additional 
information and tools
Architecture built to 
accommodate future 
product development 
and delivery

http://walter.arizona.edu



Lecture Topics

Overview of model
Overview of individual 
model components 
Overview of AHP



Why This Kind of Modeling is Important

Huge fuel load buildups
Impacts of climate variability 
and change
Increasing human/wildland
interaction
Changing land use patterns
Escalating costs
Escalating vulnerabilities

Ecosystems
Fire fighters
Community members



What Areas Does FCS-1 Cover?
Catalina-Rincon 
Mountains

Tucson, Arizona
Huachuca 
Mountains

Sierra Vista, 
Arizona

Chiricahua
Mountains

Douglas, Arizona
Jemez Mountains

Los Alamos, New 
Mexico



FCS-1 Model Components
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FCS-1 Features Weighted Variables:
1-km Resolution

Equal Weighting of Variables Weighting Favors Veg. Type



Spatial Modeling: Fire-Climate-Society-1
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Fire Return Interval Departure

Purpose: 
To map an indication of the 
magnitude of departure from 
expected fire return interval

Source data
Fire perimeters
Vegetation coverages
Arizona and New Mexico 
GAP land tenure boundaries



Creating the Fire Return Interval 
Departure Layer
1. Assign fire return intervals to 

FCS-1 vegetation types.
2. Create coverage for “years 

since fire” from fire perimeter 
data.

3. Combine (1) and (2).
4. Calculate FRID: (Number of 

years since last fire - Fire 
Return Interval) / Fire Return 
Interval

5. Clip data to boundaries of 
Federal agencies

6. Classify FRID values using 
qualitative groups.



FCS-1 Fire Interval Return Departure Map



Fire Return Interval Departure 
checklist

Scale: The smallest of the various data sets used is 
that from the GAP vegetation, 1:100,00
Accuracy: Fire return interval estimates for some 
vegetation may not be very good due to lack of 
information.  Range of years for which fire perimeters 
are available vary by WALTER venue.
Time to create:  2 weeks
AHP appropriate:  Yes
Metadata:  Yes



Fire Return Interval Departure: 
Concerns

Scale too coarse for project planning.
Uncertainty of fire return intervals for non-
forest coniferous vegetation types.
Fire perimeter data does not include all fires

Commercial timber
Recreation areas



Fuel Moisture Hazard

Purpose: 
To map fuel moisture  
hazard relative to time

Source data:   
1989-2003 Normalized 
Difference Vegetation 
Index (NDVI) time 
series 

Advanced Very High 
Resolution Radiometer 
(AVHRR) NDVI from AVHRR – Arizona and New Mexico



Creating the Fuel Moisture Hazard Layer

1. Rescale NDVI data to 
0 to 200

2. Standardize NDVI 
values into Z-scores



Fuel Moisture Hazard checklist

Scale:  Pixel resolution is 1 km2

Accuracy:  75%
Time to create:  1 week
AHP appropriate:  Yes
Metadata:  No



Fuel Moisture Hazard: Concerns

Field verification of the relationship between 
NDVI and fuel moisture has not been 
established.
Resolution of AVHRR data is not sufficient for 
1 km2 WALTER cell sizes

Should be at least 500m
Possibly mitigated by spatial autocorrelation



Spatial Modeling: Fire-Climate-Society-1
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Vegetation Type Hazard
Purpose: 

Maps, using ordinal scale, hazard 

level of vegetation, based on 

inherent fire occurrence within 

each vegetation type 

Source data:

GAP vegetation

Brown, Lowe and Pace 
vegetation

Ignition data

Coronado National Forest

National Park Service

Fort Huachuca Army Base



Creating the Vegetation Type Hazard 
Layer

1. Remove duplicated fires
2. Convert data to a single 

projection
3. Assign a vegetation type to 

each fire ignition
4. Standardize total ignitions 

for each vegetation class 
into a density, based on the 
total amount of area in 
each class



Vegetation Type Hazard checklist

Scale: 1:100,000
Accuracy: 50%
Time to create:  3 months
AHP appropriate:  Yes
Metadata:  No



Vegetation Type Hazard:  Concerns

Assumes robust relationship between 
Vegetation Type Hazard and ordinally-ranked 
fire hazard.
Accuracy of the vegetation map



Lightning Ignition Probability

Purpose: 
Maps the probability of 
a lightning-ignited fire

Data Source:
Lightning occurrence 
data from 1989-1999 
from the National 
Lightning Detection 
Network  
(www.lightningstorm.com)



Creating the Lightning Ignition 
Probability Layer
1. Assign each lighting strike a 

geographical coordinate and 
a date

2. Convert the data to GIS 
point coverage

3. Create a density of lighting 
strikes / 100 ha / year

4. Convert this to an annual 
density

5. Calculate the probability of 
lightning strikes per 100ha 
per year

6. Create categorical 
probability by classifying the 
continuous probabilities



Lightning Ignition Probability 
checklist

Scale: Pixel resolution is 1 km2

Accuracy: 75%
Time to create:  2 weeks
AHP appropriate:  Yes
Metadata:  No



Lightning Ignition Probability: 
Concerns

Resolution of AVHRR data is not sufficient 
for 1 km2 WALTER cell sizes

Should be at least 500m

Possibly mitigated by spatial autocorrelation



Human Factors of Fire Ignitions
Purpose:
Map the probability of human-

caused fires 
Data sources:

Roads (US Forest Service)

Campgrounds/picnic areas 
(USFS)

Urban areas (ALRIS)

Non-forested vegetation 
layers (GAP)

Urban-Wildland Border 
Complexity (ALRIS)

Other data were examined but 
were found not to be important 

“Firebug” at Parker Canyon Lake, Huachucas



Creating the Human Factors of Fire Ignitions 
Layer

1. Convert features of interest to 
raster format

2. Calculate Euclidean distance 
from those features

3. Capture the value of the 
variables at the sites of 
human-caused fires and at 
random locations

4. Perform logistic regression

5. Use results of the regression 
to create the sub-model



Human Factors of Fire Ignitions 
checklist

Scale: 1 km polygon – base data is 1:100,000 
(GAP), 1:24,000 (USFS & USGS)
Accuracy: Meets federal standards, except for GAP 
(questionable)
Time to create for all study areas: 1 week/study 
area (does not include time required to collect and pre-process base 
data layers)
AHP appropriate: Yes
Metadata: FGDC compliant



Human Factors of Fire Ignitions: 
Concerns

Concerns about how GAP source data was 
collected
Regression models are very powerful but 
they are only models, can be 
overemphasized
We don’t have all of the possible data – there 
are a lot of variables that we can’t model



Spatial Modeling: Fire-Climate-Society-1
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Perceived Landscape Value

Purpose: 
To assess human values 
placed on landscape

Data source:
Base maps using data from:

USGS
ESRI
Arizona NBII 
NPS
Arizona GAP (land 
ownership)

Map-based, in-person 
interviews by WALTER 
researchers



Creating the Perceived Landscape 
Value Layer

Create field maps of the project 
areas & questionnaire 
Conduct interviews (approximately 
30 per study area)
Digitize interview results
Clean up the polygons

Turn the polygons into grids

Reclassify the grids to 1,0

Add the grids together

Normalize the grid to 0 - 1

Resampledto 1km grid cells



Perceived Landscape Value Layers

Recreation
areas visited

Routes 
used

Areas judged to
be most at
risk

Area would 
most hate 
to see 
burn



Perceived Landscape Value:  
Aggregation of Interview Results

Combined personal values – 30m



Perceived Landscape Value Checklist

Scale: >= 1:100,000 (base data)
Accuracy: Base data meets federal standards; 
interview data unknown
Time to create for all study areas: 4 months (does not 
include time required to collect and pre-process base-map data layers)

AHP appropriate: Yes
Metadata: FGDC compliant



Perceived Landscape Value:  Concerns

Sample was designed to be representative of 
local populations, but was small and non-
random
Questions about accuracy of marking on 
maps
Question of validity in using graphic 
representations to elicit responses on 
landscapes (Daniel and Meitner 2001 )



Property Value

Purpose: Determine 
property values in 
study areas
Base data source:
US Census Bureau

TIGER block-level data
SF 3 table of 
population and 
housing

Median price of owner occupied housing



Creating the Property Value Layer

Join tabular housing 
data to Census block-
level data
Assign total housing 
value proportionally, 
based on area of 
intersection with the 1-
km project grid



Property Value Checklist

Scale: 1:100,000
Accuracy: Meets federal standards
Time to create for all study areas: 1 week  
(does not include time required to collect and pre-process base data layers)

AHP appropriate: Yes
Metadata: FGDC compliant



Property Value: Concerns

Only owner-occupied housing is valued, so it 
may not reflect value of non-residential 
property very well



Recreation Value

Purpose: 
To determine the importance of 
recreation in each polygon cell

Base data source:
USFS 

Campgrounds
Hiking trails
Roads
Picnic areas
Lakes
Historical sites
Visitor centers
National Visitor Use 
Monitoring Results Table

GAP Hunting areas
Trails in the Huachuca Mountains



Creating the Recreation Value Layer

For each recreation type, 
calculate the Euclidean 
distance grids and visibility 
surface grids from features of 
interest
Rescale grids to 0 – 1
Add them together
Resample to 1km grids
Rescale data from 0 – 1
Multiply by the proportion of 
visitors who participated in 
particular activities
Sum all recreation types to 
create map layer



Recreation Processing 2:
Total Recreation

Individual recreation variables (10) Recreation Values



Recreation Value Checklist

Scale: 1:24,000
Accuracy: Meets federal standards
Time to create for all study areas: > 6 
months (does not include time required to collect and pre-
process base data layers)

AHP appropriate: Yes
Metadata: FGDC compliant



Recreation Value:
Concerns

Uncertain that this is the best methodology 
for calculating recreational usage
Uncertain that the proxies chosen really 
represent the recreational activities of interest
May be some overlap between some of these 
data and some of ‘personal value’ data



Species Habitat Richness

Purpose: 
Proxy for animal 
species diversity

Base data source: 
GAP habitat richness 
models for:

Mammals
Amphibians
Reptiles
Birds



Creating the Species Habitat Richness 
Layer

Download data from AZ/NM 
GAP
Clip project areas to be 
used
Sum the four animal types
Scale the data 0, 1
Resample data to fit the 
1km raster
Join the raster data to the 
1km polygon grid



Species Habitat Richness checklist

Scale: 1 km polygon – base data is 1:100,000
Accuracy: Questionable but best that is available
Time to create for all study areas (approx.): 1 week 
(does not include time required to collect and pre-process base data layers)

AHP appropriate: Yes
Metadata: FGDC compliant



Species Habitat Richness: Concerns

Concerns about how GAP source data was 
collected
Concerns about whether habitat can be used 
to model species diversity 
Concerns about issues of scale



Using AHP to construct FCS-1
The Analytic Hierarchy Process (AHP) is a … “decision 

making process to help people set priorities and 
make the best decision when both qualitative and 
quantitative aspects of a decision need to be 
considered.”

Complex decisions are reduced to a series of one-to-
one comparisons.

Results are then synthesized

AHP not only helps decision makers arrive at the best 
decision, but also provides a clear rationale for 
stating it is the best.   (www.expertchoice.com) 



Using AHP to Construct FCS-1

To create output from the 
model:
Make pairwise comparisons 
between variables and 
between fire probability and fire 
risk submodels
AHP assigns weights based on 
the comparisons
AHP multiplies the variables by 
their corresponding weights
A linear combination of 
weighted variables creates the 
sub-models
A linear combination of sub-
models creates model 

Fuel Moisture 
Score

Lightning

F.R.I.D.

Vegetation
Type Hazard

Fire 
Probability

Values at
Risk

Species
Diversity

Recreation
Value

Personal 
Landscape

Values

Human/
Ignitions

Property
Value

FCS-1



FCS-1 also can “capture” your 
knowledge, experience and expertise 
relative to all model inputs using AHP



Variables in Expert Choice



How Pairwise Comparisons are Made
Variables have equal 
importance (“weight”)



How the Weighted Variables are 
Displayed



Weighted Variables: Individual & Group

Individual

Group



AHP Math = Matrix Mathematics

1.0000.2500.333

4.0001.0002.000

3.0000.5001.000

3.0000.6671.167

14.0003.0005.333

8.0001.7503.000

Original matrix

Squared (matrix algebra)



More Matrix Mathematics

3.0000.6671.167

14.0003.0005.333

8.0001.7503.000
= 12.750

= 22.333

= 4.833

Row 
Totals

12.750/39.9165 = 0.3194

22.333/39.9165 = 0.5595

4.833/39.9165 =   0.1211

39.9165

Priorities
(eigenvector)



How Results are Obtained

Repeat this process until the differences in 
the priorities are zero, to the ten-thousandths 
position



Fire Probability and Values at Risk Sub-
Model Results 

Fire Probability Values at Risk



Combined FCS-1 Model Result

The combined model 
includes weighted 
values from both the 
fire probability and 
values at risk models
In this particular case, 
the values at risk sub-
model was weighted 
higher than the fire 
probability sub-model











Using FCS-1 (Examples of Potential Uses)

Check climate outlooks
Run model
Use outputs for seasonal and long-range planning

Managers
Budgeting
Allocation of resources
Decisions about forest treatment strategies (where, when, how)

Prescribed burns
Thinning

Public awareness campaigns
Public

Cleaning up around homes and other structures
Planning development and construction activities
Anticipating impacts on businesses and livelihoods



Future Research & Development
Determine best ways to adapt the model to 
other areas
Transition to MODIS data 
Make model dynamical

Allow interactive updating of data
Integrate fire-climate forecasts
Add vegetation modeling function

Continue developing WALTER web site
Add map-drawing exercise to Website
Add AHP to Website
Continue adding information & tools



Future Research & Development

Improve understanding of how this model is 
adopted and used

By whom, when, where, for what purposes
Improve understanding of how (and if) the 
use of this model changes decisions and 
policies
Improve basic scientific knowledge

Fire history, fuels assessment, climatology, 
vegetation dynamics, human factors



Background Information
for the US Southwest



Physical Geography of Southwest

• Physical 
geography
– Semi-arid to 

arid climate
– Mountains, 

plateaus, 
basins, 
deserts

Tucson



Population of Southwest

• Demography
– Relatively sparsely populated
– Large population concentrations in a relatively 

few large cities
– Retirement destination (“snowbirds”)
– Large migrant population from Latin America
– Native American population



Economy

• Services
• Health, retail, tourism, recreation, etc.

• Military and related activities
• Military bases, national laboratories

• High technology firms 
• Information technology, biotechnology, optical science, etc.

• Primary sector activities 
• Agriculture, mining

• Some manufacturing



Implications for Forests 
and Forest Fire Management

• Large number of homes being built in forests
– Expanding wildland-urban interface

• Heavy recreational use of forests
– Summer: escape heat
– Winter: skiing
– Other: hunting, fishing, etc.

• Native Americans: religious uses, gathering plants
• Conflicts between ranching and other land uses
• High in-migration rates = little knowledge or 

understanding of forests and fire dynamics in the 
region



Climate of US Southwest

• Arid to semi-arid
• Two wet seasons per year

– Winter (widespread frontal systems)
– Summer (North American monsoon and 

tropical storms)
• Two dry seasons per year

– Spring (largest fire season)
– Fall (in dry years, may have secondary fire 

season)



Length of Data Records

• Climate 
– 100 years (instrumental record)
– 1,000+ years (tree-ring records, other paleo

records)
• Society

– ~300 years of written history
– ~100-150 years of data



Complex 
topography

Annual Precipitation



Temperature varies 
with elevation

Annual Temperature









98-00



ENSO Dry vs. Wet Year Patterns





http://www.fs.fed.us/r3/fire/swapredictive/swaoutlooks/archive
d/map_swa_monsoon.jpg

Summer Monsoon Pattern for 
Southwest











Fire History from Tree-Ring Records



Climate and Fire Forecasting 
in the United States



National Interagency Fire Center 
(NIFC)

• Coordinates all wildland fire operations in 
the United States
– US Forest Service
– Bureau of Land Management
– National Park Service

• Headquartered in Boise, Idaho
• Funds fire research through Joint Fire 

Science Program



http://www.nifc.gov/news/2003_statssumm/intro_summary.pdf

National Interagency Fire Center 
(NIFC) Management Regions



National Interagency 
Coordination Center (NICC) –

Predictive Services
Unit

Climate and Meteorological Services 
for Fire Management



http://www.nifc.gov/news/intell_predserv_forms/feb_2004.pdf



http://www.nifc.gov/news/intell_predserv_forms/feb_2004.pdf



http://www.nifc.gov/news/intell_predserv_forms/feb_2004.pdf



http://www.nifc.gov/news/2003_statssumm/intro_summary.pdf



http://www.nifc.gov/news/2003_statssumm/intro_summary.pdf



http://www.fs.fed.us/r3/resources/health/documents/r3_2003_bb.pdf



Fire in the US

Cumulative and for 2003 





http://www.nifc.gov/news/2003_statssumm/intro_summary.pdf



http://www.nifc.gov/news/2003_statssumm/incident_support.pdf

Wildland Fires – Number of Fires



http://www.nifc.gov/news/2003_statssumm/incident_support.pdf



http://www.nifc.gov/news/2003_statssumm/incident_support.pdf

Wildland Fires - Acres











http://www.nifc.gov/news/2003_statssumm/intro_summary.pdf






