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Drivers of Fire Occurrence
Forests of the Russian Far East (RFE), designated by 
UNESCO as a World Heritage site and home to the 
critically endangered Amur tiger, are experiencing 
increasing pressure from growing demands for natural 
resources and the rising threat of large fire occurrence. The 
frequency and intensity of fire events in boreal forests are 
predicted to rise due to global warming.  A conceptual Fire 
Threat Model (FTM) has been developed within this project 
to provide quantitative assessment of fire threat to the Amur 
tiger.  
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MODIS Active Fire Detections reprocessed through  the Fire Spread Reconstruction approach 
(Loboda and Csiszar, in press): Terra (2001, 2002) and Terra and Aqua (2003, 2004, 2005)

Burned Area/Impact Severity 
Automated dNBR based burned area product from MOD09A1 for the full-leaf-out period (May 1–Sept 6) 
and aggregated active fires for leaf-off period (Sept 7 – April 31)  

y = 1.0156x + 2069.1
R2 = 0.9925

0
20,000
40,000
60,000
80,000

100,000
120,000
140,000
160,000
180,000
200,000

0

20
,0

00

40
,0

00

60
,0

00

80
,0

00

10
0,

00
0

12
0,

00
0

14
0,

00
0

16
0,

00
0

18
0,

00
0

20
0,

00
0

Landsat ba

M
O

D
IS

 d
nb

r b
a

0.2-0.255
0.256-0.41
0.411-0.66
> 0.66

dNBR values

MODIS dNBR-based  burned area 
product provides the potential for  
further burn characterization 

Validation of the burned area (above) shows a 
good correspondence between MODIS and 
Landsat/ETM+ burned area estimates in Siberia

The large size and mountainous terrain of the study area and government control of data sources 
make remote sensing the only viable source of data for spatially explicit modeling. The remotely 
sensed data driven FTM is aimed at evaluating probability of wildland fire occurrence, its impact and 
recovery potential for a given resource. This study explores causes and distribution of fire in this 
ecosystem, conditions leading to significant fire events, impacts of these fires on the Amur tiger, and 
habitat recovery potential.  The main goal of this project is to evaluate changes in fire threat to the 
Amur tiger with predicted climate and land use change in the region.  Additionally, possibility of 
mitigating against rising fire threat by implementing changes in land use practices will be 
investigated. 

A reduced version of the model structure includes the major 
components of Fire Threat Modeling:  Fire Danger - the most generic 
(but regionally specific) component and  Values at Risk and Recovery 
Potential - both highly region specific and resource specific 
components.  

Land Cover/ Forest Type created through assimilation of several existing products

Land Cover Map of Russia (Terra Norte)

MODIS Land cover (MOD12Q1)

Russia’s Forests (Terra Norte)

Different colors show 
grouping of aggregated 
active fires into scars

Fire Weather Product (NFImod) calculated from NCEP-NCAR Reanalysis1 4-times daily 
observation data and the Global Precipitation Climatology Project (GPCP) 1degree daily rainfall data. 

modified Nesterov Index: meanNFI(i-1 – i-10) + NFIi retains fire weather history and rapid response to changing weather
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Forest Disturbance (logging) created through visual analysis of Landsat/ETM+ imagery mosaic 
for RFE (1999-2002) and “Hot Spot Areas” of Forest Cover Change

Clear cut logging

Selective logging

Hot Spot Areas of Forest 
Change

Interannual Variability of Fire Occurrence
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Number of fire events is highly variable both 
intra- and inter-annually

The majority of fire events are short-lived.  Mid-
season (summer) fire events tend to be longer.  

Fire spread rate has strong interannual 
variability and is primarily driven by fire weather.  

Seasonal Specifics of Spatial Distribution of Fire: Three distinct seasons of fire occurrence were identified during burned area mapping:

early season (Jan 1 – Apr 30) mid season (May1 – Sep 6) late season (Sep 7 – Dec 31)

Burned area
2001
2002
2003
2004
2005

• primarily occur 
in coniferous 
forests, wetlands 
and grasslands

• differ in spatial 
distribution

• have 
significant/lasting 
impact on land 
cover 

• occur in agricultural 
landscapes, 
grasslands and 
broadleaf forest 

• burn through dead 
litter 

• do not cause 
significant/lasting 
impact  

Burned area
2001
2002
2003
2004
2005

Burned area
2001
2002
2003
2004
2005

• primarily occur in 
agricultural 
landscapes and 
broadleaf forests 

• very similar in 
spatial distribution

• burn through 
dead litter

• do not have 
significant/
lasting impact  

• spring and fall fires are initiated in close proximity to transportation routs and agricultural areas 
• an increase in the number of fire ignition points in areas with steep slopes in June and July indicates a 
potential increase in contributions from natural fire sources, such as lightning

Map of monthly distribution of the Risk of Ignition in the Amur Tiger 
Habitat

ROI fuzzy 
membership 

values

January February March April May June
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Risk of Ignition based on the FSR processed points of ignitions derived from MODIS active 
fires show a strong connection between human presence and fire ignitions.  

Climate and Weather
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Maps of mean monthly NFI 
(Nesterov Fire Index) for 
July 2001-2004 show the 
correspondence between 
unusually high NFI values 
and an increase in large 
fire occurrence in the RFE.  

The longer-term record of fire 
occurrence in Primorsky Krai of the 
RFE was obtained from the Russian 
Aerial Forest Protection Service 
“Avialesookhrana”.  The comparison of 
trends in fire occurrence and the 
Southern Oscillation Index (SOI) show 
that the amounts of area burned 
correspond with El Nino occurrence.

Mean NFI 
(July)

Fire events > 
4days

MODIS 
active fires

<=0

50-100
100-150

>200
150-200

0-50

This work was supported by NASA Headquarters under the Earth System Science Fellowship Grant NNG04GR15H.  The author would like to thank Drs. C. Justice and  
I.Csiszar of the University of Maryland for discussions.  The author would also like to thank Dmitry Ershov for support in data acquisition. The following products were used in 
this work: 1) The Land cover map of Russia - S. Bartalev, A. Belward, D. Ershov, A. Isaev. Land Cover map of the Northern Eurasia based on the SPOT-Vegetation data. 
Global Land Cover 2000 project. TerraNorte Information System. RAS Space Research Institute (http://terranorte.iki.rssi.ru); 2) the map of Russia’s forest - S. Bartalev, D. 
Ershov, A. Isaev, P. Potapov, S. Turubanova, A. Yaroshenko, 2004. Russia's Forests. TerraNorte Information System. RAS Space Research Institute. 
(http://terranorte.iki.rssi.ru); 3) MODIS land cover - Friedl, M. A., D. K. McIver, J. C. F. Hodges, X. Y. Zhang, D. Muchoney, A. H. Strahler, C. E. Woodcock, S. Gopal, A. 
Schneider, A. Cooper, A. Baccini, F. Gao, and C. Schaaf, 2002.  Global land cover mapping from MODIS: Algorithms and early results.  Remote Sensing of Environment, 83: 
287-302; 4) MODIS active fires - Giglio, L., Descloitres, J., Justice, C.O., Kaufman, Y.J., 2003.  An enhanced contextual fire detection algorithm for MODIS.  Remote Sensing 
of Environment 87, 2-3: 273-282 ; 5) Achard, F., Stibig, H.-J., Laestadius, L., Roshchanka, V., Yaroshenko, A., Aksenov, D., (editors), 2005.  Identification of “Hot Spot Areas”
of Forest Cover Changes in Boreal Eurasia.  Office for Publications of the European Communities, Luxembourg. The Fire Spread Reconstruction approach is described in 
Loboda and Csiszar, Reconstruction of Fire Spread within Wildland Fire Events in Northern Eurasia from the MODIS Active Fire Product. Global and Environmental Change, 
special issue (in press). Roy, D.P., Boschetti, L. And Trigg, S.N., 2006: Remote Sensing of Fire Severity: Assessing the Performance of the Normalized Burn Ratio. IEEE 
Geoscience and Remote Sensing Letters 3: 112-116. van Wagtendonk, J.W., Root, R.R., Key, C.H. (2004),  Comparison of AVIRIS and Landsat ETM+ detection capabilities 
for burn severity. Remote Sensing of Environment 92: 397–408.

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000
sp

ru
ce

-fi
r

fo
re

st
s

la
rc

h
fo

re
st

s

br
oa

dl
ea

f
fo

re
st

s

m
ix

ed
fo

re
st

s

fo
re

st
-

na
tu

ra
l v

eg

w
et

la
nd

s

sh
ru

bl
an

ds

gr
as

sl
an

ds

cr
op

la
nd

s

ot
he

r 

aggregated land covers

ar
ea

 b
ur

ne
d 

(h
a)

2001 2002 2003 2004 2005

May fires are found in croplands, grasslands and 
wetlands.  June-August fires are concentrated in 
coniferous (spruce-fir and larch) forests.
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Early season fire events are mainly concentrated 
in croplands.  However, the largest fire events 
occur in broadleaf forests prior to leaf-out season.

Late season is characterized by low intensity 
surface fires in grasslands and broadleaf 
forests.  

Fire Occurrence and Burned Area by Land Cover Types
early season (Jan 1 – Apr 30) mid season (May1 – Sep 6) late season (Sep 7 – Dec 31)

Impact of Logging  on Fire Occurrence and Spread

Impact of Severity Assessment was done  through dNBR which shows the impact of fire on living vegetation.  The dNBR retains the 
variability of surface reflectance signature post fire.  Although this index may not be optimal (Roy et al, 2006), it was linked to field measurements of 
burn severity (van Wagtendonk et al, 2004).  The product will be validated during the 2006 field campaign.

Fire Danger Mapping/Modeling

Values at Risk Mapping

Modeling Current and Future Fire Threat to the Amur Tiger

Recovery Potential Assessment/Modeling

Jack pine seedling sprouting following a fire, Wisconsin.  © Jim 
Brandenburg / Minden Pictures

• dNBR based impact severity will validated during 2006 field 
campaign
• Vegetation re-growth:

- Approximate duration of rehabilitation to the pre-burn conditions 
(literature) 

- Vegetation replacement – connect burn severity with vegetation  
replacement and tree cover restoration – field observations (2006)  

mstu.cz/~bozek/obrazky/Animals/index.php

Potential fire impacts on the Amur 
tiger and its main prey will be 
evaluated through:
• fire spread rate vs. species/their 
young mobility
land cover ranking according to 
tiger and its prey habitat 
preference
fluctuations in prey densities with 
the emergence of edge habitatwww.eskimomedia.co.uk/Wildlife%

20Page.html

www.amosklasterec.cz/ 
lov/de-index.html

Climate change impact on Fire Threat:  
• IPCC Climate Model Scenarios or  higher resolution regionally parameterized climate models will be 
used to assess future fire threat to the Amur tiger

Land use change impact on Fire Threat:  
• A set of land use change scenarios for the RFE will be developed and applied to assess potential 
changes in fire threat due to land management

Mitigating potential impact of climate change on fire threat through land use management: 
• The FTM outputs incorporating both land use and climate change scenarios will be evaluated.  
• A set of land use scenarios aimed at minimizing anthropogenic influence on wildland fire will be 
developed

• Fire Danger Module of the FTM will be parameterized based on the coefficients developed during the 
characterization of fire regimes

• The model performance will be tested during the 2006 fire season
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The severity of burning during years of fire 
fire activity (2003) increases equally for all 
burn categories to those observed during the 
years of low fire occurrence (2001-2002, 
2004-2005). 

Broadleaf forests show the most consistent 
levels of impact severity during 2001-2005.  
Dark coniferous (spruce-fir) forests have the 
highest average levels of impact severity

Needleleaf forests (spruce-fir and larch) have 
considerably higher percentage of severely 
damaged area compared to other land 
covers.  
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Forests
Non-forests
Clear cut logging
Selective logging
Potential logging

Types of  logging activities 
depend on the types of 
forests stands:

• Clear cut logging is found 
in spruce-fir and larch 
forests

• Selective logging 
targets Korean 
pine in (mixed 
forests)

The importance of land cover disturbance through 
logging rises with the increase of forest fire activity.  
Fire occurrence in logged areas (particularly clear 
cut) increase dramatically during 2003 – the year of 
extreme fire activity.  Koef represents value per units 
area and is calculated as:

%fire in a given zone from all fires in the forests 
%area occupied by the zone from total forested area          

Fire spread rates in logged areas are 
generally higher than in all forested areas 
(2002-2004).  In 2001 and 2005 fires 
occurred mainly in broadleaf forests which 
experience little disturbance from logging.     


