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Outline

Fire risk predictions at
1) National level

2) climate divisions level

3) 1 km  square grid level

4) individual fire level 



1) National Level

Total monthly acres burned on National Lands

Thomas A. Wordell
Wildland Fire Analyst
NICC - Predictive Services Group
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Two-way array

Robust techniques

1) Least absolute residuals (L1 solution)
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2) Median polish (approximate L1 solution)
iteratively remove row and column medians until row/column 

has median zero

ijjiij rbamy +++=

3) Trimmed mean. In Splus use twoway(x,y, trim=.1)
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Black = Observed       Yellow =historic 10-90%     Green = Twoway polish     Red = Arima



Table 1: Observed percentiles

Percentile
80 90 95

----------------------------------------------------------------------------------------
Two-way April 79 84 89 

Two-way June 81 90 94

Arima April 88 95 99

Arima June 94 97 100
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2) 1x1 degree grids (~ 60-100 km2 )

Palmer Drought Severity Index - August 2000
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Anthony Westerling
Scripps Institution of Oceanography
La Jolla, CA



Data – monthly totals in one degree grid cells
1980 - 2000

Yi = total number of acres burned in voxel i 

Ni = number of fires in voxel i

Voxel = degree x degree x month

Xi = { PDSI, Temp, Precip, mPDSI, PDO, ENSO, Location, Month)

Fire Danger rating based on

πi = Pr[ > 1000 acres burn in voxel i]

From the joint distribution of Y and N we have

πi = Pr[ Ni >0 | Xi ] Pr[ Yi >1000 | Ni >0, Xi ]

mPDSI= maximum PDSI in last 12 months
PDO= Pacific Decadal Oscillation
ENSO = El Niño-Southern Oscillation



Odds Ratio

12ˆ

12ˆ

11

>−

<+

⎪
⎩

⎪
⎨

⎧

=
−

÷
−

=

se
otherwise

se

h

i

i

h

h

i

i
i

θ

θ

π
π

π
πθ

 normal above
normal

normalbelow 
Rating

historic                   

52ˆ >− seiθ                   Extreme  



Estimation – Local regression techniques
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g  = nonparametric smoothing function
(spline, loess, tps, …)

Xik = value of kth covariate in voxel i

vyr =  PDO value for  yrth year

δyr =  ENSO value for yrth year



Piecewise Polynomials and Splines

1) Replace each vector X with a matrix whose columns are 
transformations of X. 
For example, 
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2) Use linear regression with the transformed variables
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Estimated effects of covariates on 
Pr[Yi >1000 | Ni > 0]



http://www1.ncdc.noaa.gov/pub/data/cirs

Monthly averages for each climate division

PDSI values 1895-2005

http://www1.ncdc.noaa.gov/pub/data/cirs
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One-month-ahead forecasts 
using 1895 – present data 
and autoregressive models 



Forecast for May 2005

Below normal
Normal
Above normal
Extreme



Forecast for May 2005

Below normal
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Above normal
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Estimates using one month ahead forecasted covariate values
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3) km x km x day level 
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Model : spatial-temporal point process

dxdydtHtyxdNtyx t /}|1),,({obPr)|,,( ==θλ

Assume a conditional intensity function 

N = number of fires in (x,x+dx] x (y,y+dy] x (t,t+dt]
Ht = history up to time t



Estimation

Let 
Nx,y,t = 1     if there is a fire in (x,y,t) - voxel

= 0 otherwise.

voxel size =  km x km x day

Bernoulli log-likelihood
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Data for US Forest lands one year:
sum over 730x106 voxels



Bob Burgan (Missoula, MT)
Jacie Klaver (EROS)



Pr[ large fire (> 100 acres) | ignition ] = π(lon,lat,day,FPI)

FPI (1000hr)
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Effect of FPI (1000hr) on probability of a fire burning >100 acres
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Observed and estimated probability of large fires

The odds of a fire 
becoming  large is 
estimated to 
increases by 2 fold
(1.84-2.25)
when FPI increase by 
40 points.

■ Observed proportion of large fires

Fitted probability   (model with FPI alone)

Fitted probability  (model with FPI, spatial location and day)



Fire Behavior Models

Characterize propagation and spread of fires under

various environmental conditions.

Two common approaches used to model fire spread:

1. Discrete approach

2. Continuous approach

4) At the fire level



Fire Behavior Models 

1)   Discrete approach

Forest is divided into a set of cells arranged on a

regular grid with each cell having a probability 

of burning that depends on conditions in the cell 

and in surrounding cells. 



Fire Behavior Models (cont.)

2.   Continuous approach

Based on Huygen’s principle concerning propagating light 
waves:
All points along a wave front act as if they were point sources for 
a new wave

■

■

■





Stochastic partial differential equations
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Rt(s) = rate of spread in 
direction normal to 
perimeter

Kt(s) = rate of spread in 
tangential direction

B(t) = Brownian process



Fire perimeter map for Bee Fire, San Bernardino National Forest,
California, USA. June 30 to July 30, 1996.



The maps are based on MODIS data 
two passes per day.
Maps created by Ming Tsou



FireMapper measures the 
radiance of emitted 
thermal-infrared light, 
which readily penetrates 
smoke 

Phillip Rigan
PSW Forest Service
Riverside Fire Laboratory





Summary

1. Probability models useful for forecasting and studying 

goodness-of-fit (usefulness of Fire Danger Indices)

2.   R statistical package (analysis and mapping)

3.   Local regression techniques (loess, splines, basis function)

4. Space-time point processes – basic to all fire models 

(marked point process – acres or cost)

5.   Data management and acquisition (automate  

updating data from the web)

6. State-space and interacting particle system 

models for fire spread


	
	
	
	

