CLIMATE CHANGE AND WILDFIRES
IN THE WESTERN US:
A STATISTICAL MODEL

Haiganoush K. Preisler
Pacific Southwest Research Station
USDA Forest Service

ETY.

Talk presented at:

2007 AAAS Annual Meeting

15-19 February — San Francisco, CA
Session title:

Anthony L. Westerling
UC Merced , NOAA OGP and
California Energy Commission

Current Controversies in Forest Fire Suppression and Management m‘ AAA



USF & NPS Large Forest Fires per Year

Since the mid-1980s

frequency
frequency

1970 1975 1980 1985 1990 1995 2000

Large Forest Wildfires
Have Increased ~300%

BLM Large Forest Fires per Year

frequency
10 30 50
10 30 50
frequency

1970 1975 1980 1985 1990 1995 2000




population (millions)

Population has increased ...
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... but total ignitions have not.
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USF & NPS Large Forest Fires per Year
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Grass/Shrub Fires and Temperature
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Most forest fires
occur in years with
early Springs...

... at elevations
around 7000 feet
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Late Snowmelt Years Early Snowmelt Years

1972 - 2003, NPS, USFS & BIA Fires over 1000 acres



—
1.1 0.5 0 0.5 1,

forest area—scaled difference (percent of average)



Forest Vulnerability: Early — Late Moisture Deficit
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Why Has Forest Wildfire Increased?

« Management e Climate

— Grazing and fire — Forest fire activity
suppression reduced driven by drought
burned area — Warming and Earlier

— Reduced burned Springs have
area led to biomass extended and
accumulation in iIntensified the fire
some forests season in mid-

— Increased biomass elevation forests

reduced the
effectiveness of
suppression efforts
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Consequences?
1867




Consequences? Fuel accumulation reduces effectiveness of suppression
1993 American River




Forest Vulnerability: Early — Late Moisture Deficit
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Forest Vulnerability: Early — Late Moisture Deficit
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Purpose of a statistical model

Quantify relationships between distributions of
fire sizes and various explanatory variables (e.qg.,
climate variables)

A guantitative statistical model may be useful for
forecasting future scenarios of wildfire activity



Data used to estimate statistical model

Response variable:

Total area burned in
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Data used to estimate statistical model

Explanatory variables:

Moisture deficit
Temperature
Timing of Spring
% forested area
Elevation
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Response variable was
grouped into 5 size

Area burned - size classes
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Statistical Model

Y; =k Iffire of size class k at location | year | k=1, 2, 3,4,5

Y;; ~ Multinomial { 1, 7,(6, )} with T, + ... + T, = 1

&, = linear predictor

=+ ng(xmij)+ g(year;):h(lon;,lat;)

Xy = value of m" explanatory variable at location i year |

g() and h() ~ smoothing functions
e.g. basis splines and thin plate splines



Multinomial probabilities

. = exp(6,)> exp@,)

Ordinal responses

p. =PrlY =k |Y >k -1]
=1-exp(-exp(y,))

Ty = pk[l_pl_"'_pk_l]



RESULTS

Analysis of Deviance Table: Percent explained

X Deviance AlIC Ml
1. Spring 0.9 0.7 0.6
2. Moisture 21.1 22.9 25.5
3. Temp. 6.3 6.4 6.4
4. Yforest 4.3 4.3 3.1
5. Elev. 6.3 6.4 3.1
6. Year:loc 38.3 34.3 40.1

AIC ~ Akaike Information Criteria
MI ~ Mutual Information statistic
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Estimated odds of large fire in 1994 After removing effects of
relative to odds in 1974 changes in climate variables




Summary

» Apparent shift in distribution of wildfires (towards larger fires) in
recent decades in Western US Forest Service lands.

* No apparent increase in number of wildfire starts.

« Apparent increase in estimated probabilities of fires in the
largest size classes with warming and early spring through
moisture deficit.

» Effect of moisture deficit seems to be mostly in the North
Western regions (Northern Rockies, Northern California,
Oregon and Washington).



References

1. Westerling, A. L., Hidalgo, H.G., Cayan, D.R. and Swetnam, T.W. (2006). ‘Warming
and earlier spring increase western US forest wildfire activity’. Science, Vol. 313, 940-
943.

2. Preisler, H.K. and Westerling, A.L. (In press). ‘Statistical model for forecasting monthly
large wildfire events in Western US’. Journal of Applied Meteorology and Climatology.

3. Preisler, H.K., Ager, A.A. and Hayes, J.L. (In press). ‘Probabilistic risk models for
multiple disturbances: An example of forest insects and wildfires’. Encyclopedia of
Forest Environmental Threats.



	Why Has Forest Wildfire Increased?

