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Abstract: Forest fires are considered an important disturbance factor for forest ecosystems. Forest fires are influenced by
ecological factors. There are different relationships between diverse ecological factors and forest fires in disparate vegetation
regions in China. The objectives of this study were two-fold: i) to assess relationships between ecological factors ( NDVI
and weather elements) and probability of occurrence of fires (i.e. fire risk) and ii) to establish fire probability models
in four contrasting vegetation regions across China.

This study covers the monsoonal region where plenty of rainfall is received but significant seasonal variation within dry
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and wet seasons are characterised by air mass transitions between inland air and oceanic air. The study area was divided
into four sub—regions according to their distinct biomes: i) north China plain with a dominant vegetation of deciduous broad—
leaved trees; ii) north-east of China dominated by cool temperate coniferous forest; iii) southeast of China dominated by
mixed evergreen broadleaf and deciduous broad-leaved forest and iv) southwest of China dominated by tropical rain forest.

Fire data were extracted from the Along Track Scanning Radiometer of the European Space Agency. Daily values of weather
elements from 245 stations covering majority of the four climatic regions above were obtained from China Meteorological
Administration. Normalized Difference Vegetation Index ( NDVI) was applied as a measure of vegetation status. We linked
vegetation with location time altitude weather elements  and fire characteristics during 1998—2007 in the four regions
above using semi-parametric logistic ( SPL) regression models. Non-inear relationships between different ecological factors
and fire risk ( i. e. probability of fire ignition and occurrence of large fire events) were assessed by semi-parametric logistic
regression models.

We analyzed characteristics of forest fire activity in the four contrasting vegetation regions across China. NDVI was
found to be a significant indicator of probability of fire ignition in all the four forest regions except tropical rain forest. On
the other hand NDVI had a significant effect on probability of occurrence of large fire events in all the three forest regions
except for evergreen broadleaf region. There was a significant correlation between probability of fire ignition and altitude.
Location was found to have a highly significant effect on fire risk in all the four regions except for the cool temperate
coniferous forest. Mean monthly values of ecological factors had more effect on probability of fire ignition than monthly
maximum values of those ecological factors. On the contrary maximum monthly values of ecological factors had more effect
on probability of large fire events than mean monthly values of the ecological factors. For each of the four regions of China
a different model of probability of fire ignition and occurrence of large fire events was established. Graphs of observed versus
estimated probabilities of large fire events and fire danger maps were produced from the probability models to assess
robustness of these models. The results of these final models with selected ecological factors as explanatory variables seem
reasonable. The analysis presents some of the dynamics of ecosystem-fire interactions and their value for management

systems.

Key Words: vegetation regions; ecological factors; NDVI; forest fire risk probability; semi-parametric logistic regression
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Table 1 Data collection and description
Data type Data source Data description Time
“ spot vegetation NDVI 1998 4 —2008 7
Vegetation index " ( http: //westdc. westgis. ac. cn) GIMMS-NDVI-China 1996 1 —2006 12
ERS-2 1996 1 —2008 12
Fire data ( http: //dup. ) esrin. esa. int/ionia/wfa/index. asp 1998 4 —2007 12
245 ( RH) 1996 1 —2008 12
Environment 1996 1 —2008 12
data (PT) 1996 1 —2008 12
(TX) 1996 1 —2008 12
(7 1996 1 —2008 12
(WP) 1996 1 —2008 12
ligit( p,) =By +g( lon, lat,) +g,( month;) +¥ 4, (X,) (1)
ko 1x1 / P ; (lon lat) 1x1
 month P X,
NDVI ). gl) h() g, thin
plate splines "
o &  periodic splines
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logit
o AIC
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AIC AIC
AIC o
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B )
logit(p,) +By+&,( lon, lat,) +g,( month) (2)
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Fig.2 The average monthly burnt areas and number of fires
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Fig.3 Estimated partial effects of significant variables on the probability of fire ignition in (a) NC
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4
Fig.4 Estimated partial effects of significant variables on the probability of large fire event
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Table 2 The threshold value of the selected factors as the probabilities of fire risk higher than average in the 4 regions

Study area Type of ﬁ‘r‘? risk 'Mor?th with hlg},l Selected factors Threshold value of the P
; probability fire risk probability
selected factors
Pi 311 WS >5m/s 0.025
North China plain with MaxT >20°C <0.0001
deciduous broadHeaved forest PT <2mm 0. 0006
AvgT -15—10C 0.004
NDVIgimms -0.5—0.4 0.005
P2 10 11 RH <50 0.001
P 412 AvgT -5—15C 2x1071
North-east of China with cool RH <60 0.0008
temperate coniferous forest NDVIspot 0.1—0.8 <0.0001
D1 1231112 PT <2mm 0.0004
Southeast of China with RH <70 <0.0001
evergreen broadleaf forest MaxT >23°C <0.0001
AvgT <17°C <0.0001
NDVlIspot >0.2 <-0.5 <0.0001
P2 4 11
P 4 12 WS >2m/s 0.01
Southwest of China with PT <2mm 0.001
tropical rain forest RH <60 <0.0001
MaxT <5C >25%C <0.0001
AvgT 0—20C <0.0001
J2 12 RHX <35 0.023
MaxT <15C  >33%C <0.0001
AvgT 10—25°C <0.0001
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Table 3 The selected factors in the regression models for the probabilities of fire occurrence and large fire event in the 4 regions

Study region Selected factors in fire occurrence probability model Selected factors in large fire event probability model

N N WS PTMaxT.AvgT-NDVIgimms N N +RH MaxT-NDVIspot
N N “RH . AvgT NDVIspot “MaxT'\AvgTNDVIgimms
N N PT.RHMaxT.AvgT-NDVIgimms N WS.RHX MaxTX.AvgT
. . WS PT.RH .MaxT-AvgT N RHX \MaxT. AvgTNDVIgimms

5 ( 95% ).

N 95% o
95% o N N N

0—0.95.0—0.96.0—0.87.0—0. 94,

2.3 GIS
2003 9—12 6
1x1
o 1x1
2003 9.10.11 12 9
11
o 4
12
X 2003 10.11.12 3 9
; 2003 11.12 9.10
o o 2003 11.12
9.10
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Fig.6 Fire risk maps with estimated fire occurrence probability ( p,) estimated conditional probability of a large fire event( p,)

estimated large fire events probability( p;) and observed fire and large fire events ( dots) for each month in 2003
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