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ABSTRACT

Active fire products from Moderate Resolution Imag-
ing Spectroradiometer (MODIS) satellite observation
during the 16 years from 2000-2015 were analyzed
to estimate spatial and temporal variations of wild-
land fires over East Asia (region of interest: 20°N-
55°N, 100°E-150°E). GLOBCOVER 2009 land cover
data were also used to investigate the trend in wild-
fire occurrence with respect to each land cover type.
Statistical analysis showed that the highest number
of wildland fires occurred in the evergreen and veg-
etation covered areas, and strong seasonal varia-
tions were found in these areas. Total numbers of
fires were 283,683 and 202,543, respectively. In
particular, the wildland fires in croplands occurred
mainly during summer season and distinguishable
increasing trends were found. The correlations be-
tween number of wildland fires and air pollutants,
such as black carbon, organic matter, and carbon
monoxide, were also calculated in order to investi-
gate the intensity of the air pollution caused by the
wildland fires. Positive correlation between total col-
umn carbon monoxide contents and the occurrence
of wildland fire was found. In addition, this correla-
tion was higher than the correlation between fire
occurrence and black carbon or organic matter.
These results indicate that a significant amount of
carbon monoxide originated from the wildland fires
and influenced the regional atmospheric environ-
ment in East Asia.

Key words: Wildland fire, MODIS, Seasonal/annual
trend, Black carbon, Carbon monoxide

1. INTRODUCTION

The wildfire is a significant emission source of air
pollutants and is considered to be a parameter for cli-
mate change (Ramanathan et al., 2005; Crutzen and

Andreae, 1990). For instance, biomass burning can
increase the concentrations of carbon monoxide (CO),
carbon dioxide (CO,), and nitrogen oxides (NOy) down-
wind of the fire (Cheng et al., 1998). These substances
are well known to affect Earth’s temperature and cli-
mate systems by altering their radiative properties
(Hauglustaine et al., 1994). Wildfires also have signif-
icant effects on human health and regional visibility
(Lightly et al.,2000).

East Asia is one of the most substantial natural source
regions of wildfire in the world because large forest,
vegetation, and cropland regions exist. Monitoring
active fires in this region is a challenging task due to
the high temporal and spatial variability of the occur-
rence of wildland fires. However, satellite observation,
with its unique features of global observation coverage,
high spatial resolution, and continuous operation, is a
powerful technique for monitoring wildland fire. It is
able to provide detailed information about wildland
fire occurrence, extent, and short-term variation, as
well as long-term trends. The Moderate Resolution
Imaging Spectroradiometer (MODIS) on the Terra and
Aqua satellites generates a suite of global active fire
products and burned area information (MODIS Level
2 Fire/Thermal data; code names are MOD14 for Terra
and MYD14 for Aqua) (Roy et al., 2008; Justice et al.,
2002).

In this study, statistical analysis was conducted with
MODIS fire products aggregated to a 0.1° X 0.1° grid
for the time period from March 2000 to May 2015 in
order to estimate the spatio-temporal variations in the
occurrence of wildfire over East Asia. Because wild-
land fires are differently prone to occur in different
land cover types, we attempted to determine trends in
the occurrence of wildland fire under the different land
cover types defined by the GLOBCOVER 2009 land
cover data (Sophie et al., 2010). Correlations of wild-
fire occurrence with air pollutants potentially emitted
from the wildland fires were also analyzed to investi-
gate the influence of fire on the atmospheric environ-
ment. The main objectives of this study were to inves-
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tigate the trend of occurrence of wildland fire and the
impact of wildland fire on the atmospheric environ-
ment through an interdisciplinary analysis using com-
bined satellite and model results. This paper is orga-
nized as follows. Section 2 presents the methods used
in this study, and section 3 presents the results of the
statistical analysis. The conclusions of the study are
discussed and finally summarized in section 4.

2. METHODOLOGY

2.1 Data Processing

The annual and seasonal trends in the occurrence of
wildland fire and the impacts of air pollutants were
analyzed with an interdisciplinary combination of sat-
ellite and model data. Fig. 1 shows the overall pro-
cesses of data analysis used in this study, including
satellite data processing, land cover classification, and
estimation of the compositions and the amounts of air
pollutants. The analytical approach comprised the fol-
lowing steps:

1. Occurrences of wildland fire were counted geo-
spatially from the MODIS data. The accumulated
numbers of fire counts were then arranged statisti-
cally in order to estimate short-term and long-term
trend patterns.
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2.The land cover types in East Asia were classified
based on the GLOBCOVER 2009 data. The trends
of wildland fire occurrence were also determined
according to the land cover type.

3. The amounts and compositions of air pollutants
caused by wildland fire were estimated by using
the Monitoring Atmospheric Composition and
Climate (MACC) global air quality service of the
European Centre for Medium-Range Weather
Forecast (ECMWF) re-analysis data.

4. Finally, a correlation analysis between the wild-
land fire occurrences and the amount of air pollut-
ants was conducted to investigate the impacts of
wildland fire on the regional atmospheric environ-
ment. Additional description of each dataset and
the processes used follow.

2.2 Satellite Data

Global and regional frequencies of fire occurrence
were investigated by using the MODIS satellite datas-
et. The study area of this research (20°N-55°N, 100°E-
150°E), which was selected as the domain for investi-
gation of regional variation in the occurrence of wild-
fire, is shown in Fig. 2. The daily MOD14 fire and
thermal anomaly data for March 2000 to May 2015
were collected from the MODIS web interface of Level
1 and the Atmosphere Archive and Distribution Sys-
tem (LAADS) (available at https://ladsweb.nascom.

Satellite data Land cover data model data
- MODIS L2 Fire/thermal - GLOBCOVER2009 - MACC re-analysis data
data (MOD14)
- Annual/seasonal variation - Variation trend of - Black carbon AOD
trend of occurrences of occurrences of wildland fire - Organic matter AOD
wildland fire according to the type of land - Total column carbon
cover monoxide contents

Fig. 1. Schematic workflow diagram for the interdisciplinary analysis on the variation trend and impact of wildland fire on the

atmospheric environment.
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Fig. 2. The six land cover types derived from GLOBCOVER
2009.

nasa.gov/). The fire detection algorithm for MODIS is
similar to the algorithm developed for the AVHRR and
TRMM VIRS. The brightness temperatures derived
from two infrared channels (for instance, the 11 um
and 4 um channels) are mainly used for this algorithm.
There are two types of strategies for fire detections of
MODIS: (a) absolute detection, if the fire is strong
enough, and (b) relative detection, if the thermal emis-
sion is relatively weak. A pixel is rejected if the MODIS
channel has a reflectance of more than 30% and it lies
within 40 degrees of the specular reflection position
for daytime, when sunlight may cause detection error.
A detailed description of the algorithm of the MODIS
fire product is given in Justice et al.(2002).

2.3 Land Cover Data

GLOBCOVER 2009 data (available from http://due.
esrin.esa.int/files/Globcover2009_V2.3_Global_.zip)
(Sophie et al., 2010) were used to identify the land
cover types in East Asia in order to investigate the dif-
ference in trend of wildland fire occurrence according
to different land cover types. The GLOBCOVER 2009
data were constructed and coordinated by the Europe-
an Space Agency (ESA). Thirteen multispectral input
data with 300 m spatial resolution were recorded by the
Medium Resolution Imaging Spectrometer (MERIS)
instrument aboard the European Environmental Satel-
lite (ENVISAT). It provided information on global land
cover with 22 informational classes (Di Gregorio ef al.,
2000).

In this study, we simplified the land cover types in
East Asia into six classes (e.g., grassland, vegetation,

evergreen, mixed crop, rain-fed cropland, and irrigated
cropland). The trend of wildland fire occurrence was
investigated according to each of these classes. The
land cover map that was used in this study is shown in
Fig. 2.

2.4 Air Quality Model Data

The MACC data provide reanalysis data for global
atmospheric composition, including the major air pol-
lutants. The MACC model can be downloaded at the
web page of the ECMWF (http://apps.ecmwf.int/data
sets/data/macc-reanlysis/). These reanalysis model data
based on an assimilation of satellite-observed air pol-
lutants are operationally corrected by a global model
departed from integrated observation data (Bellouin et
al., 2013; Inness et al., 2013). At present, MACC re-
analysis data are available only from 2003-2012. The
reanalysis data provide aerosol optical depth (AOD) of
various aerosols such as mineral dust, black carbon,
and organic and total columnar trace gases contents.
Total AOD (t+,;), black carbon AOD (tgc), organic
matter AOD (Tgy), and total column carbon monoxide
content (CO) from the MACC reanalysis data were
used to determine the variation of air pollutants. These
parameters could be emitted from wildland fire, and
the correlations between these parameters and the
variations of wildland fire were investigated in order
to estimate the influences of wildland fire events on
the atmospheric environment.

3. RESULTS

3.1 Temporal Variation of Wildland Fires

During the 16 years of MODIS observation, wild-
land fire occurrences were counted over the study area
shown in Fig. 2. These wildland fires were detected on
the basis of MODIS satellite observation with the fire
detection algorithm, as described in section 2.1. Fig. 3
shows time series of fire counts by monthly occurrence
for wildland fires in the world and in East Asia during
2000-2015 (May). The proportion of wildland fire
count in East Asia to the count in the world is also pre-
sented in Fig. 3. At the global scale, the wildfire occur-
rence series shows two distinct peaks, the first occur-
ring in 2002 and the second occurring in 2003. The
occurrences of wildfire in 2004, 2009, and 2010 are
lower than those of 2002 and 2003, although the trend
in occurrence of wildland fire varies with respect to
each corresponding time series.

At the regional scale, the wildland fire occurrences
in East Asia differ slightly from the trend of occurrence
around the world. In general, the occurrences of wild-
land fire in East Asia were lower than the global occur-
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Fig. 3. Time series of the occurrence of wildland fire around the world (red), in East Asia (20°N-55°N, 110°E-150°E) (blue), and
proportion of the occurrence of wildland fire in East Asia to that for the world (olive) during 2000-current (May 2015). The green
solid lines indicate the average values, respectively, during 2000-2015.
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Fig. 4. Occurrence of wildfire in each classified land cover type during 2000-current (May 2015). (a) grassland, (b) vegetation,
(c) evergreen, (d) mixed cropland, (e) rain-fed cropland, and (f) irrigated cropland.
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rences. However, East Asian wildland fires occurred
remarkably in the middle of 2000-2003, 2007, and
2012-2013. The number of wildland fires in East Asia
in these years accounts for more than 10% of the con-
tribution to the global occurrence record. It is clear that
the occurrences of wildfire were varied with respect to
time and space. Nevertheless, it is difficult to identify a
distinguishable long-term trend in wildland fire occur-
rence.

3.2 Variation of Wildland Fire According to
Land Cover Type

We analyzed the occurrence of wildfire in East Asia
separately according to each land cover type. Fig. 4
shows the distribution of wildfire occurrences for each
land cover type in East Asia during 2000-May 2005.
The wildfire occurrences corresponding to each indi-
vidual land cover type are also summarized in Table 1.

The number of wildland fire occurrences differed
according to land cover type. The most frequent occur-
rences were recorded for the land cover types of ever-
green and vegetation because the total areas of ever-
green and vegetation are widely distributed in East
Asia. The number of wildland fire occurrences in ever-
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green and vegetation areas was 283,683 and 202,543,
respectively. The higher occurrences of wildland fire
in these areas are caused by the large amount of fuel.
There are sufficient sources of burnable materials,
including trees, plants, bushes, etc. Although the occur-
rences of wildfire in cropland areas were lower than
those in the evergreen/vegetation areas, the number of
occurrences of wildland fire in cropland areas was dis-
tinguishably higher than the number of occurrences in
grassland areas. Field burning of crop straw after har-
vest in rural agricultural regions and pre-urban areas
of China could be responsible for this result.

Fig. 5 shows the annual wildland fire count in East

Table 1. Number of fire occurrences by land cover type dur-
ing 2000-current (May 2015) over East Asia.

Land cover type Number of fire occurrences

Grassland 38,923
Vegetation 202,543
Evergreen 283,683
Mixed crop 91,563
Rainfed cropland 103,907
Irrigated cropland 53,219
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Fig. 5. Annual variation of wildland fire in each classified land cover type in East Asia during 2000 to current (May 2015). The
polynomial fitted line is also shown as the black solid line.



Asia during 2000-May 2015 for each land cover type.
For the grassland, vegetation, and evergreen land cover
types, wildland fires were maximum in 2003. Then, the
frequency of wildfire occurrence decreased from 2004
but increased again in 2008 as a second peak. The fre-
quency of wildland fire occurrence also increased from
2012. The figure clearly shows an increasing trend of
wildland fire occurrence for cropland. The occurrence
of wildfire in cropland areas increased continuously
since 2004, although the values varied slightly with
respect to the different time series. It is believed that
cropland areas have increased with the growth of the
agricultural industry in China. Wildfires in cropland
following harvest were directly linked to this increas-
ing trend of wildfire occurrence. For instance, Streets
et al.(2003) reported that approximately 122 Tg of
crop residues are burned annually in China and this
amount has increased steadily.

We also investigated the seasonal variation of wild-
land fire according the classification of land cover
type. Fig. 6 shows the variation of wildland fire occur-
rence with respect to season for each land cover type.
For the grassland, vegetation, and evergreen land cover
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types, wildland fire occurred most frequently in the
spring season. It is well known that brush fires are
much more common in spring because of the combi-
nation of high wind and low humidity. The higher num-
bers of occurrences of wildfire in the regions classified
as grassland, vegetation, and evergreen are in good
agreement with this climatic circumstance. However,
the occurrence of wildland fire in cropland areas show-
ed a different seasonal trend. In the case of wildland
fire in the rain-fed cropland and irrigated cropland
areas, wildland fire occurred most frequently in the
summer season. We initially assumed that the occur-
rence of wildland fire would be less in the summer
season because of meteorological condition such as
summer monsoon and high humidity during the sum-
mer season. Wheat is the most widely cultivated crop
in East China (e.g., Hebei, Henan, Shandong, and Anhui
provinces), and the wheat is sown around mid-October
and reaped at the end of May or the beginning of June.
In June, after the harvest, the straw of the wheat is
burned (Huang et al., 2012). This opposite trend may
be attributable to the crop residue fires set in June in
East China.
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Fig. 6. Seasonal variation of wildland fire in each classified land cover type in East Asia during 2000 to current (May 2015).
MAM (March to May), JJA (July to August), SON (September to November), and DJF (December to February) indicate the

spring, summer, fall, and winter season, respectively.
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Fig. 7. Annual variation of the occurrence of wildland fire along with total, black carbon, and

CO total column contents
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3.3 Influence of Wildland Fires on
Atmospheric Environment

Fig. 7 shows the annual variation of the occurrence
of wildland fire and the Ty, Tgc, Tom, and CO during
the same period. The correlations between wildfire
occurrences and the AOD of each aerosol and the total
columnar carbon monoxide content also are revealed
in this figure and were used to investigate the relation
between the increment of wildland fire occurrence and
the amount of air pollutants emitted from wildland
fires.

The annual variation of wildland fire is relatively
well matched to the annual variations of the AOD of
each aerosol and the total columnar carbon monoxide
content. The Ty, Tges Tom, and CO were highest in
2003, and the occurrence number of wildfire was also
high in this year. It is considered that significant amo-
unts of atmospheric pollutants were emitted from
wildfire, and this is reflected in the increments of the
atmospheric pollutants. The positive correlation of the
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occurrence of wildfire with the AOD and the columnar
carbon monoxide contents indicates the impact of
wildland fire on the atmospheric environment. Atmo-
spheric pollution is increased with the occurrence of
wildland fire, which is one source of emission of the
atmospheric pollutants. As a result, the values of Ty,
Tom, and CO were all increased.

Wildland fire is significantly linked to the atmos-
pheric environment. The correlations between wildfire
occurrence and the values of AOD differed with res-
pect to the different types of aerosols, although we did
not find significant correlation between wildland fire
occurrences and AOD (see Fig. 8). The correlation of
wildfire with T, was relatively weak. This weak cor-
relation (R*>=0.1478) is considered to be due to the
fact that the Ty, reflected not only the amount of air
pollutants emitted from wildland fire but also the amo-
unts of various atmospheric pollutants emitted from
anthropogenic activities, such as industry and automo-
biles, and natural sources. The correlation of wildland
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fire with Ty is relatively better than that for ty,. The
correlation coefficient for this case was 0.2724. This
better correlation between Tty and wildfire is consid-
ered to reflect that the emission of black carbon is sig-
nificantly related with wildfire. Wildland fire is well
known to be a main source of black carbon deposition
in such plumes. A better correlation between occurrence
of wildland fire and CO also resulted (R>=0.2807)
because carbon monoxide is also a well-known emis-
sion from burning.

The spatial distributions of the mean AOD values
during 2003-2013 are shown in Fig. 9. Higher AOD is
distributed mostly over the industrialized/densely pol-
luted regions of China. It is clear that the emission of
atmospheric pollution over East Asia is determined
mainly by other sources. The poor correlations betw-
een wildland fire occurrence and pollution computed
by the MACC model were likely caused by the effect
of emissions of atmospheric pollution from other
sources. We believe that it is necessary to assess atmo-
spheric pollution with respect to each corresponding
wildland fire event in order to more accurately investi-
gate the influences of wildland fire on the atmospheric
environment.

4. SUMMARY AND CONCLUSION

In this study, the trend of East Asian wildland fires
was constructed from historical satellite observation
records for the period from 2000 to 2015, and the fre-
quency of fire occurrences was analyzed by using the
MODIS dataset. The results from this trend analysis
showed that the wildland fires were controlled mainly
by land cover type on quasi-seasonal timescales. When
the total counts in East Asia were compared to the total
fire counts globally, a greater than 10% ratio between
the two scaled data was found.

The highest frequencies were found for the evergreen
and vegetation land cover types, 283,683 and 202,543
occurrences, respectively. For these land cover types,
wildland fire occurred most frequently in the spring
season. Increasing trends in wildland fire were found
for cropland. Wildland fires in the rain-fed cropland
and irrigated cropland areas occurred mostly in sum-
mer season. The agricultural burning activities follow-
ing harvest in China (which usually occurred in early
June) influenced this increment of increase of wildfire
in cropland areas.

When we compared the variations of wildland fire
with those of the air pollutants examined, the annual
trends of AOD and CO were similar to the trend of fire
occurrence. The correlation between wildland fire oc-
currence and Ty was better than those for the other

types of aerosols. A higher correlation between wild-
land fire occurrence and CO was also confirmed, and
wildland fire events are suspected to be the most im-
portant source of emission of black carbon and CO.
The aforementioned results can be used as worthwhile
information for assessment of the effects of strong
emissions from wildfires on the atmospheric environ-
ment and on climate change.
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