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Wildfire is the dominant natural disturbance in boreal 
regions, which acts as a catalyst for regulating successional 

processes, under the control of weather and climate. 



Objective The ultimate goal of this research is to assess the 
viability of large-scale (1°) data to be used to define fire 

weather danger and fire regimes, so that large-scale data can 
be confidently used to predict future fire regimes using large-
scale fire weather data, like that available from current IPCC 

climate change scenarios 

Structure of Talk
* Briefly compare and contrast large-scale reanalysis and 
station data that is used to estimate fire weather 
components
(temperature, precipitation, wind speed and relative humidity)

* Provide time series and spatial analyses of Canadian Fire 
Weather Indices (FWI) at station, regional and continental scales



Two basic data sets 
are used to derive the Fire Weather Index (FWI) component of the 

Canadian Forest Fire Weather Index System (CFFWIS).
(temperature, precipitation, wind speed and relative humidity)

Station-interpolated NCDC
Canadian Forestry Service 

Ground-based station interpolated dataset using National Climatic 
Data Center (NCDC) station data (CFS 1987; Van Wagner 1987). 

GEOS-4 derived (large-scale 1°) 
National Institute of Aerospace / National Aeronautics and Space 

Administration Langley Research Center (NIA/LaRC) 
Goddard Earth Observing System version 4 (GEOS-4) 

large-scale reanalysis and 
NASA Global Precipitation Climatology Project (GPCP) data



Reporting criteria:
75% of daily obs. and 
75% of days in month; 

meeting (red) 
not meeting (green).

1989
51% of stations meet criteria, 
total stations 1484.

1999 
42% of stations meet criteria, 
total stations 896.

National Climate Data Center (NCDC)  surface station data



Density scatter 
plots

average 
2-meter 
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Comparison of GEOS-4 reanalysis versus NCDC station in an average 
fire year March-October 1999 and an extreme fire year, 2002.  

2002 

Less than 17% of the data, which is shown in dark blue, resides distant 
from the 1:1 line. 

1999 

GPCP
precipitation

3-day mean & 
standard 

deviation; 
1:1 line in

dashed black. 



GEOS-4  &
NCDC

Relative 
Humidity (RH),  

mean & 
standard 
deviation

in blue, 1:1 dashed black. 

Comparison of GEOS-4 reanalysis versus NCDC station in an average 
fire year March-October 1999 and an extreme fire year, 2002.  

GEOS-4  &
NCDC 

10-meter 
wind speed, 

mean & 
standard 

deviation in blue, 1:1 line in dashed  black

2002 1999 



Danger Class FWI Range

Very Low 0-1

Low 2-4
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High 9-16
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FWI time series for the Republic of Sakha

Fire Weather Index (FWI)
Canadian Forest Fire Weather Index System 

(CFFWIS) (CFS 1987; Van Wagner 1987).

Cumulative FWI

Regional mean FWI 

no data > 30 in 1999, 

not sustained 
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FWI values > 20 
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Canadian Forest Service (CFS) Fire Weather Index time series 
black dots - station locations; Xs represent stations that did not meet the 

75/60% reporting criteria (648 stations, 232 do not meet criteria).

GEOS4/GPCP 1°derived FWI NCDC station-interpolated FWI

Fires 
are

shown
in red.



Canadian Forest Service (CFS) Fire Weather Index time series 
black dots - station locations; Xs represent stations that did not meet the 

75/60% reporting criteria (648 stations, 232 do not meet criteria).

Fires 
are

shown
in red.

GEOS4/GPCP 1°derived FWI NCDC station-interpolated FWI



Canadian Forest Service (CFS) Fire Weather Index time series 
black dots - station locations; Xs represent stations that did not meet the 

75/60% reporting criteria (635 stations, 209 do not meet criteria).

GEOS4/GPCP 1°derived FWI NCDC station-interpolated FWI

Fires 
are

shown
in red.



Canadian Forest Service (CFS) Fire Weather Index time series 
black dots - station locations; Xs represent stations that did not meet the 

75/60% reporting criteria (635 stations, 209 do not meet criteria).

GEOS4/GPCP 1°derived FWI NCDC station-interpolated FWI

Fires 
are

shown
in red.



* The GEOS-4 and NCDC FWI 
correlate well spatially and 
temporally resulting in 
overall R2 values of 0.93 in 1999, 
0.90 in 2002 and 0.96 in 2004. 

* NCDC mean domain consistently 
larger.

Daily time series 
of the 
mean domain 
GEOS-4-reanalysis and 
NCDC-interpolated 
FWI (1999 – all years 
similar)

Scatter Plot

Danger Class FWI Range

Very Low 0-1

Low 2-4

Moderate 5-8

High 9-16

Very High 17- 29

Extreme 30 +



Mean area burned 

per 1° cell for all 

years (1999, 2002 

and 2004) based on 

GEOS-4 data.  

International Geosphere-Biosphere 
Programme (IGBP) ecosystems 
[relabeled open shrubland (07) to forest tundra 
and woody savanna (08)- N deciduous needleleaf].  

In general, in both normal and 

extreme fires seasons, area 

burned increases with increasing 

FWI, although there are 

annual, regional and ecosystem 

differences. 



Mean percent grid cells that 
contain fire in each 
ecosystem. 

* GEOS-4 data contain more 
total FWI category 5 cells, so 
the fraction of FWI cat 5 
burned is lower than the 
NCDC-interpolated.

* Need to further separate the 
data geographically (larger 
number of GEOS-4 FWI cat 5 
reside at the southern boundary)

* The source (of established 
relationships) and base (data 
used for estimate) FWI 
datasets must be consistent.

(1999, 2002 and 2004)

(% 
ecosystem)

(% 
ecosystem)

(1999, 2002 and 2004)



EGU2010-14410
Photos from the Republic of Tuva –poster session today

Improvements
•Upgrade the ecosystems map used;
•Break down the analysis from continental to 
regional;
•Incorporate the influence of human proximity;
•Add additional years to analysis;

•Verify the model works in a known historic fire year 
that was used in developing the model 

•Validate the model in a known historic fire year that 
was NOT used in developing the model 

•Estimate future fire emissions

Directions 
Forward



Photos from the Sayan Mountains, Southern Siberia

Tuvan

Conclusions

* Large-scale 1° data are able to accurately simulate 
fire weather, quantitatively, spatially and temporally.

* While station data would provide more accurate 
local fire weather assessments, large-scale data are 
better able to simulate fire weather in remote regions

* Given current (or future) ecosystems and 
current (or future) weather data, large-scale 
area burned and emissions can be estimated;

* The source (of established relationships) and base 
(data used for estimate) FWI datasets must be 
consistent.



We are greatly appreciative of the attention of this audience and 
your comments, as well as our funding sources for providing the 
funding necessary to investigate the interactive and driving forces of 
fire that feedback to and influence Land Cover Land Use Change 
(LCLUC), atmospheric chemistry and climate dynamics. 

NASA LCLUC program under the solicitation NNH05ZDA001N-LCLUC; 

Northern Eurasian Earth Science Partnership Initiative (NEESPI);

Siberian Branch of the Russian Academy of Sciences,Krasnojarsk;

Russian Foundation for Basic Research 24 Grant 06-05-65127; and

Dr. Mian Chin under NASA Research Announcement NNH06ZDA001N-
EOS "A global model study of emissions and long-range transport of 
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Poster - EGU2010-5597
FWI data can be viewed on-line at http://www.nianet.org/soja/.

http://www.nianet.org/soja/

