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Abstract: Currently, fires (e.g., biomass burning and/or straw burning) are still prevailing and serious
globally. However, the issue of the characteristics, types, and drives of fire occurrence is always a
challenge and varies distinctively worldwide. Using Moderate Resolution Imaging Spectroradiometer
(MODIS) Collection 6 (C6) active fire products during 2001–2020, here, we analyzed the occurrence
frequencies and spatiotemporal characteristics of active fires at the provincial and regional to national
scales and at the monthly and annual scales in China. The accumulated occurrence frequencies of
MODIS C6 active fires in China were up to 184.91 × 104 in the past two decades, and the average
annual level was 9.25 × 104, especially in 2014 (15.20 × 104). The overall trend of active fires was rising
and then falling, but with significant spatial and temporal differences in the last 20-years. Temporally,
nearly 61% of active fires occurred in spring (36%) and autumn (25%), particularly in August (16%),
April (14%), and October (13%). Spatially, about 90% of active fires occurred in the east of the Hu
Huanyong Line, particularly in Northeast China (25%), South China (23%), and East China (20%).
In China, the most active fires were concentrated in the Northeast Plain, the North China Plain, the
southeast hills, and the Yunnan–Kweichow Plateau. In terms of temporal differences across regions,
active fires in Northeast China, North China, and Northwest China were concentrated in spring and
autumn, especially in March, April, and October; in East China, they were concentrated in summer,
especially in June; and in South China and Southwest China, they were concentrated in winter and
spring, especially from December to April of the following year. Our study provides a full analysis of
spatio–temporal characteristics and changes of active fires in China, and it can also assist in supplying
a beneficial reference for higher monitoring and controlling of fires such as straw burning.

Keywords: active fires; MODIS Collection 6; spatiotemporal characteristics; regional variations;
straw burning; China

1. Introduction

Fires, or now detected as satellite-based active fires, including cropland fires, forest
fires, grassland fires, and shrub fires, play a very important role in the interrelationship
between climate change or human activities and carbon cycling [1,2]. Active fires, either
natural or manmade, are one of the most important disturbances of global terrestrial
ecosystems and have had a substantial impact on the climate system and biogeochemical
cycles [3]. Increasingly frequent active fires [4–6], since the Anthropocene, not only exacer-
bate climate change [2,7–10], but also pose a serious threat to public health and human life,
health and safety [11]. Therefore, many countries and regions have implemented stricter
measures and introduced a range of sustainable fire policies [12], such as the National
Development and Reform Commission of China’s issuing of the “Notice on Strengthening
the Comprehensive Utilization of Crop Straw and Banning of Crop Burning” [2]. Thus,
delineating the spatiotemporal characteristics and regional variations in fires is significant
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for the development of national individual or local policies to improve the atmospheric
environment and address climate change.

Since the early 1990s, with the rapid development of remote sensing technology,
satellites have increasingly been used for fire monitoring [13,14]. For instance, the Moderate
Resolution Imaging Spectroradiometer (MODIS) and Visible Infrared Imaging Radiometer
Suite (VIIRS) have shown great potential in monitoring active fires to diagnose their
spatiotemporal variations [15–17]. With over 20 years of active fire products such as the
MODIS Collection 6 (C6) [18,19], these products have made important contributions to
estimating the location, range, frequency, and intensity of active fires [20,21]. Since the
21st century, MODIS active fire products have been applied widely to study global fire
events [22,23], such as fire condition monitoring, economic damage assessment [24], air
pollution evaluation [25,26], and climate change simulation [27]. However, the issue of
the characteristics, types, and drives of fire occurrences is always a challenge and varies
distinctively worldwide. For example, the Asia-Pacific region including China is the most
frequent region of natural disasters (e.g., fires) in the world.

China, as a country with complex and diverse physical geography and climate condi-
tions, is a typical and vulnerable region of active fires. The main source of active fires in
China is cropland fires (e.g., open field burning of crop straw), followed by forest fires [28].
Meanwhile, China has the world’s largest crop production and a major agricultural coun-
try [28]. In particular, cropland fires are common during spring planting and autumn
harvest to remove straws (i.e., straw burning) for subsequent cultivation [29]. Currently,
straw burning is widespread in major farming areas in China, for example, in the Northeast
Plain, North China Plain, and Middle and Lower Yangtze Plain [2,30,31]. Forest fires also
occur frequently in China, mainly in the northeastern, southwestern, and southeastern
forest regions [32–34]. For instance, from 1965 to 2010, thousands of forest fires happened in
Daxinganling, in the northeast of China. Among them, the total of burned forest area was
up to 35,230.19 km2 [35]. To date, many scholars have conducted extensively research on
fires in China, including fire detection algorithms. However, most of the studies focused on
the distribution of fires in a short time or a small regional scale and focused on the analysis
of environmental pollution caused by a single type of fire [36–38]. In particular, there is still
a lack of clear and in-depth understanding of the distribution, temporal, and spatial pattern
and regional differences in active fire spots on a national scale and long time series. Not
coincidentally, MODIS C6 active fire products (1 km, Collection 6) released in 2001 provide
an opportunity to monitor the dynamics and regional differences in active fires.

Here, using MODIS C6 active fire products (2001–2020), we analyzed the occurrence
frequencies and spatiotemporal differences in active fires at the provincial and regional to
national scales and at the monthly and annual scales in China. Our study will provide data
support and a scientific basis for discussing the causes and types of active fires in China, as
well as making policies such as straw burning and forest fire prevention.

2. Study Area, Data, and Methods
2.1. Study Area

China is located in the east of Asia and on the west coast of the Pacific Ocean, with
a land area of about 9.6 × 106 km2. China has a large latitude span and various geomor-
phological types with a complex climate (Figure 1). China’s climate is characterized by a
monsoon climate with high temperatures and a rainy summer and a cold and rainy winter,
and the high-temperature period is consistent with the rainy period (Figure 1b). China’s
land cover types are also bounded by the “Hu Huanyong Line”, which mainly includes
forests, grasslands, and farmland. Forests and farmland are mainly distributed in the east
and grasslands are mainly distributed in the west. The Hu Huanyong Line, as the dividing
line between the population development level and the socioeconomic pattern of China,
starts from Aihui, Heilongjiang Province in the north and reaches Tengchong, Yunnan
Province in the south. On the east side of the Hu Huanyong Line, which accounts for
43.18% of the country’s land area, 93.77% of the country’s population and 95.70% of the
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GDP are gathered. On the west side of the Hu Huanyong Line, the land is vast and sparsely
populated, so the functions of developing the economy and gathering the population are
weak. The complexity and diversity of the topography, climatic conditions, and ecosystems
make China face enormous threats of natural disasters, such as frequent fires. At the same
time, human activities and social development further aggravate the (re-)occurrence of
natural disasters such as fires.
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This study aims to better reflect the regional differences in and characteristics of active
fires in China; thus, the entire country was divided into six regions (Figure 1a), including
East China (the eight provinces Anhui, Fujian, Jiangxi, Jiangsu, Shandong, Shanghai,
Taiwan, and Zhejiang), North China (the five provinces/regions Beijing, Hebei, Inner
Mongolia, Shanxi, and Tianjin), Northeast China (the three provinces Jilin, Liaoning, and
Heilongjiang), Northwest China (the five provinces/regions Gansu, Ningxia, Qinghai,
Shaanxi, and Xinjiang), South China (the eight provinces/regions Hainan, Henan, Hong
Kong, Hubei, Hunan, Guangdong, Guangxi, and Macao), and Southwest China (the five
provinces/regions Chongqing, Guizhou, Sichuan, Tibet, and Yunnan).

2.2. MODIS Active Fire Datasets and Preprocessing

MODIS C6 active fire products, furnished by means of the Fire Information for Resource
Management System (FIRMS), are in three formats, namely, the Shapefile (.shp), Google Earth
Keyhole Markup Language, and Comma-Separated Text (.csv) [39]. These products addition-
ally furnish associated records on active fires such as the timing and dates of occurrences (e.g.,
second/minute/hour), locations (i.e., latitude and longitude), and confidence levels as well as
fire radiative power [1]. The MODIS C6 is mainly processed according to the standard active
fire and over fire area products obtained by Terra and Aqua satellites. The revisiting period
of the near-equatorial double-star combination is 4 times/d, and the daily observation times
increase from low latitude to high latitude. The Terra satellite passes through the equator
at 10:30 and 22:30 Greenwich Mean Time (GMT) every day, and the Aqua satellite, at 1:30 and
13:30 (GMT) every day, ensuring observation at least four times a day. MODIS C6 active fire
products are responsible for the longest fire records at a global scale [40]. Since the beginning
of the 21st century, MODIS fire products have been used widely in the research of global
fire events for many years [22,23] and are very suitable for the study of dynamic changes in
long time series. In this paper, we mainly used the fire collection, date, time, and location
information corresponding to the active fire products to analyze the occurrence frequencies
and spatiotemporal differences in active fires in China, which have been analyzed since 2001
based on ArcGIS 10.x (https://www.arcgis.com/index.html: accessed on 1 March 2022). The
Geographic Information System (GIS) is a computer system for inputting, storing, querying,
analyzing, and displaying geographic data. The MODIS C6 fire products used in China
(Shapefile format) during 2001–2020 were ordered, bulk processed, and downloaded for
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analysis from the NASA FIRMS portal (https://firms.modaps.eosdis.nasa.gov/download/
accessed on 1 March 2022).

Based on the MODIS C6 fire products, the fire occurrence frequencies of different spa-
tiotemporal scales from 2001 to 2020 were calculated. We initially used the total fire counts
to analyze interannual variations and to reveal the spatial differences in fire occurrence fre-
quencies or intensities nationally as well as in the six different regions, namely, East China,
North China, Northeast China, Northwest China, Southern China, and Southwest China,
respectively. Annually and monthly available active fire counts were then further used to
display temporal variations and regional differences. Finally, spatiotemporal changes in
the occurrence frequencies of active fires in three typical areas (i.e., Heilongjiang, Anhui,
and Yunnan) were finally analyzed.

3. Results and Analysis
3.1. Spatial Characteristics of Active Fires in China

The 20-year (2001–2020) sum of active fire occurrences was as high as 184.91 × 104

in China based on the MODIS data products. Comparative analyses indicated that the
cumulative frequency of active fires in Northeast China, South China, East China, North
China, Southwest China, and Northwest China in 2020 was 2.51 × 104, 1.17 × 104,
1.22 × 104, 1.53 × 104, 1.13 × 104 and 0.62 × 104, respectively, accounting for 30.62%,
14.25%, 14.97%, 18.70%, 13.87% and 7.59%, respectively.

From the provincial scale (Figure 2a), Heilongjiang was the province with an average
annual active fire number of more than 10,000 in the last 20 years. There were four
provinces with an average annual number of active fires of 5000–10,000, namely, Yunnan,
Inner Mongolia, Guangdong, and Guangxi, in sequence. There were ten provinces with
an average annual fire number of 2500–5000, which were Hunan, Jilin, Anhui, Liaoning,
Hebei, Shandong, Jiangxi, Henan, Fujian, and Jiangsu. There were seven provinces with an
average annual fire number of 1000–2500, which were Sichuan, Xinjiang, Shanxi, Hubei,
Guizhou, Zhejiang, and Tibet. Furthermore, the average annual number of active fires
in the other 12 provinces was below 1000. The statistical results showed that there were
fifteen provinces with more than 2500 annual active fire spots, accounting for 80% of the
whole country, mainly distributed in Northeast China, South China, and East China. The
yearly average number of active fires in Heilongjiang ranked first, reaching 1.55 × 104 and
accounting for 16.72%, followed by Yunnan and Inner Mongolia, with an average number
of active fires per year being 0.66 × 104 and 0.64 × 104 and accounting for 7.11% and 6.91%,
respectively. The six regions showed that the active fire spots were mainly concentrated in
Northeast China, South China, and East China, while the active fire spots in Northwest
China were few.

Spatially, more than 90% (166.39 × 104) of active fires in China were distributed in the
area east of the Hu Huanyong Line (Figure 2b). Notably, the occurrence and development
of active fires are highly correlated with human activities and socioeconomic level. The
MODIS C 6 active fires from 2001 to 2020 were mainly distributed in the following areas:
(1) The hinterland of Daxinganling and the Northeast Plain, especially in the west and
northeast of Heilongjiang, the west of Jilin, and the middle of Liaoning; (2) the North
China Plain, especially the Huanghuai Plain (e.g., northern Anhui); (3) the southeast hills,
especially in Guangdong, eastern Guangxi, and southern Hunan; (4) the Yunnan–Kweichow
Plateau, most of southern Yunnan, and parts of northern Yunnan. It can clearly be found
that these areas are mainly grain-producing areas (e.g., rice paddy, maize, and wheat)
and/or important forest areas in China.
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3.2. Temporal Characteristics of Active Fires in China
3.2.1. Annual Analyses

Temporally, Chinese active fires showed significant annual changes from 2.54 × 104

in 2001 to 8.18 × 104 in 2020, with an annual average of approximately 9.246 × 104.
According to Figure 3a, the active fires in China have maintained a trend of first increas-
ing and then decreasing during 2001–2020. More importantly, between the maximum
frequencies of active fires in China and the El Niño event from 2014 to 2016, the time con-
sistency was found coincidentally [41]. It can therefore be inferred that a peak fire number
(15.20 × 104) was seen in 2014, closely connected with the strong El Niño phenomenon [42],
which usually causes severe droughts and little rainfall and provides convenience for the
(re-)occurrence and development of active fires such as straw burning and forest wild-
fires [43]. It is noted that the frequency of active fires decreased significantly after 2014,
which has a lot to do with the increasing emphasis on the straw burning ban at the national
level. For example, the National Development and Reform Commission of China issued
the “Notice on Further Accelerating the Comprehensive Utilization of Crop Straw and
Banning of Crop Burning” in 2015 [2].

From the regional scale of view, according to MODIS C6 active fire products, there
were obvious regional differences in six regions of China during 2001– 2020. As far as the
cumulative frequency of active fires, the average proportions of Northeast China, South
China, East China, North China, Southwest China, and Northwest China were 24.88%,
23.12%, 19.57%, 13.80%, 13.46%, and 5.13%, respectively. Since 2001, active fire occurrences
of 46.00 × 104 occurred in Northeast China, showing significant annual changes, with an
annual average of approximately 2.30 × 104. The active fires in Northeast China have been
increasing at first and then decreasing and a peak fire number (5.26 × 104) was in 2014
(Figure 3b), which was consistent with the whole country. It showed that active fire events in
Northeast China played a very important role in China. The active fires in Northeast China
were additionally affected by the El Niño phenomenon and the straw burning ban. Notably,
the active fires in Northeast China rebounded in 2017, reaching 5.05 × 104. The research
showed that due to the extremely cold weather in winter, after the autumn harvest in 2016,
a large number of crop straws in the Northeast Plain was difficult to degrade naturally,
and the centralized burning was postponed until the following spring [35]. Therefore, the
policy of comprehensive utilization measures of straw should be strictly implemented and
popularized to control the rebound trend of crop straw burning in recent years.
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In the same period, the cumulative frequency of active fires in South China reached
42.74 × 104, which was second only to Northeast China (2.30 × 104). According to Figure 3c,
the average annual frequency of active fires in South China has been about 2.14 × 104,
and the overall trend has first increased and then decreased, with a peak fire number
(3.99 × 104) seen in 2008. Compared with Northeast China, the active fires in South China
have been declining since 2009. The reduction in fires may be closely related to the local
fire management policy of China [34]. The 20-year sum of active fire occurrences was
36.19 × 104 in East China, showing significant annual changes, and the overall trend first
increased and then decreased (Figure 3d) with a peak fire number (2.71 × 104) seen in 2012.
With the release of the State Council’s “Air Pollution Prevention and Control Action Plan”
in 2013, the policy of prohibiting straw burning in East China was introduced on a large
scale, and the number of active fires showed a downward trend [2]. During 2001–2020, the
total occurrences of active fires amounted to 25.52 × 104 in North China, with an annual
average of approximately 1.28 × 104. The active fires in North China have maintained
an increasing trend with a peak number of fires (1.99 × 104) in 2013 (Figure 3e). As the
main area of North China, the North China Plain is an important agricultural production
base in China, with dense straw burning sites, and its overall active fires increased year by
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year, which deserves high attention. The cumulative frequency of active fires in Southwest
China was 24.89 × 104, which was generally low (Figure 3f). The two frequency peaks
in 2010 and 2014 were in the characteristic years of the El Niño phenomenon, while the
other years were relatively stable and had no obvious regularity. The land in Southwest
China was covered by major forests, which provide convenience for the occurrence and
development of forest fires [9]. Moreover, the frequency of active fires in Northwest China
has been the lowest, accounting for less than 6% in the past 20 years, but it has been on the
rise (Figure 3g).

3.2.2. Monthly Analyses

Compared with the annual analysis, the monthly average occurrence frequencies of
active fires were about 7.70 × 103, 1.92 × 103 (24.88%), 1.78 × 103 (23.12%), 1.51 × 103

(19.57%), 1.06 × 103 (13.80%), 1.04 × 103 (13.46%), and 0.40 × 103 (5.15%) throughout this
study period in China, Northeast China, South China, East China, North China, Southwest
China, and Northwest China, respectively. Active fires in China tended to be relatively
temporally concentrated in spring and autumn during 2001–2020, especially within March
(15.53%), April (13.45%), and October (12.67%) (Figure 4a).

At the six regional scales, the frequencies of active fires in Northeast China, North
China, and Northwest China were consistent with the whole country, showing the charac-
teristics of high incidence in spring and autumn, concentrated in March, April, and October
(Figure 4). Specifically, in Northeast China, October (27.27%) was the highest, followed
by April (23.11%) and March (16.75%) (Figure 4b). In North China, March (18.12%) was
the highest, followed by October (14.75%) and April (13.36%) (Figure 4e). In Northwest
China, October (16.55%) was the highest, followed by April (12.92%) and March (11.92%)
(Figure 4g). Compared with North China and Northwest China, Northeast China had
strong seasonality, with nearly 70% of active fire spots, which were concentrated in March,
April, and October. On the one hand, the low temperature in winter in Northeast China led
to a long period of snow accumulation and more precipitation in summer, which made the
air very humid, resulting in almost no fire spots in winter and summer. On the other hand,
in Northeast China, spring and autumn are the driest seasons, with strong winds and little
precipitation, which leads to the greatest risk of forest fire. Straw burning often occurred in
farmland [28], especially in the Sonnen Plain, Liaohe Plain, and Sanjiang Plain, which are
important farming areas in China and led to concentrated fire spots in spring and autumn.

The frequencies of active fires in South China and Southwest China were concentrated
from December to April of the following year, showing a high incidence in spring and
autumn. Specifically, in South China, March (14.04%) was the highest, followed by February
(14.02%), December (13.24%), and January (13.22%) (Figure 4c). In Southwest China, March
(23.43%) was the highest, followed by February (22.48%) and April (15.24%) (Figure 4f).
The results showed that Southwest China had strong seasonality, with nearly 60% of
active fire spots, which were concentrated from February to April. Active fire spots in
Southwest China were mainly distributed in most parts of Yunnan, southwest Guizhou,
and southern Sichuan. The climate of these places is a subtropical monsoon climate, which
is completely different from that in Northeast China, and the temperature changes only a
little in all seasons. In addition, the land cover in this area is mainly semi-humid, evergreen,
broad-leaved forest, and its fire risk rating is serious during the winter and spring.

The frequencies of active fires in East China were characterized by a high incidence in
summer, which occurred in June (Figure 4d), accounting for nearly 1/4 of the total number of
fires in the whole year, especially in the Huanghuai Plain at the junction of Shandong, Anhui,
and Jiangsu. East China is an important farming area of China and its land cover type is
mainly farmland. Among them, winter wheat is one of the most important crops in this area.
The peak of active fire in June was closely related to the winter wheat harvest [28]. To increase
the soil fertility of the next tillage, many wheat stubbles were burned after harvest.
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3.3. Analysis of Active Fires in Typical Provinces of China
3.3.1. Spatiotemporal Patterns of Active Fires in Heilongjiang Province

From 2001 to 2020, the cumulative frequency of active fires in Heilongjiang Province
reached 30.91 × 104, accounting for 67% of Northeast China, mainly distributed in the Sanjiang
Plain, Songnen Plain, and Daxinganling area (Figure 5e). Heilongjiang has vast farmland and
virgin forests (Figure 5f), which provide abundant combustible materials for open fires and are
easily affected by human activities and an arid climate, especially in spring and autumn [33].
In the past 20 years, the annual average frequency of active fires in Heilongjiang Province
was about 1.55 × 104, which was consistent with the trend in Northeast China and generally
showed a trend of first increasing and then decreasing, but the highest peak was 3.48 × 104 in
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2017 and the second peak was 3.38 × 104 in 2015 (Figure 5a). In recent years, the growing area
of grain crops in Heilongjiang Province has been expanding, which has led to a continuous
increase in the total amount of straw burned in the open air in spring and autumn [44],
making the active fire point reach the first peak in 2015. In 2016, Heilongjiang Province
intensively introduced the straw burning ban, which resulted in a decrease in the total number
of active fires. This included, for example, the “Notice of the General Office of the People’s
Government of Heilongjiang Province on Printing and Distributing the Implementation Plan
of Banning Burning Straw in the Field to Improve the Quality of Atmospheric Environment
in Heilongjiang Province”. However, due to the extreme cold weather in Heilongjiang in
winter 2017 [35] and the measures for the comprehensive utilization of straw not having
been implemented and popularized at a large scale, a large amount of straw produced in the
harvest period was not effectively treated, which led to a large-scale return to straw burning
in 2017, reaching its highest level in history; after that, it began to decline significantly.
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difference in hotspot density of active fires during 2001–2020, and (f) spatial difference in land cover
in Heilongjiang in 2020.

At the monthly level, the active fires in Heilongjiang Province were characterized by
a high incidence in spring and autumn, mainly in October and April (Figure 5b). A large
amount of dry biomass, especially fallen leaves, coupled with the high temperatures in
spring and autumn, exacerbated the occurrence of wildfires (Figure 5d). At the same time,
as a major agricultural province and the province with the highest grain output in China
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since 2011, the phenomenon of unauthorized open burning of straw during spring plowing
and autumn harvest frequently occurred in Heilongjiang Province [44].

3.3.2. Spatiotemporal Patterns of Active Fires in Yunnan Province

According to MODIS C6 active fire data products statistics, the cumulative frequency
of active fires in Yunnan from 2001 to 2020 reached 13.14 × 104, accounting for 52.79% of
Southwest China, mainly distributed in the forest areas in the southern and northern parts
of Yunnan Province (Figure 6e). From 2001 to 2020, the annual average frequency of active
fires in Yunnan Province was about 0.66 × 104, which showed a general fluctuation trend,
with the highest in 2010 (1.44 × 104) and the smaller peaks in 2005 and 2014 (Figure 6a). It
is worth noting that these years were the characteristic years of the El Niño phenomenon in
the 21st century, which showed that the active fires in Yunnan Province were sensitive to
the El Niño event. After 2015, the active fires in Yunnan Province decreased and remained
at a low level due to the forest fire prevention policy. For example, the Standing Committee
of Yunnan Provincial People’s Congress issued “Regulations on Forest Fire Prevention
in Yunnan Province”. At the monthly scale, the active fires in Yunnan Province were
characterized by a high incidence in spring and winter, mainly in between January and
April (Figure 6b). The climate of Yunnan Province is a subtropical monsoon climate
(Figure 6d) and the land cover is mainly forest (Figure 6f). The wet and dry seasons are
distinct in Yunnan Province, and the wet season (rainy season) is from May to October,
with 85% of concentrated rainfall. The dry season (dry season) is from November to April
of the following year and precipitation only accounts for 15% of the whole year. In winter
and spring, the climate is relatively dry and the temperature is high and thus, there is a lot
of dry biomass, which makes fires more likely to occur [45].
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(c) average rainfall and temperature, (d) geographical position of Yunnan in China, (e) spatial
difference in hotspot density of active fires during 2001– 2020, and (f) spatial difference in land cover
in Yunnan in 2020.

3.3.3. Spatiotemporal Patterns of Active Fires in Anhui Province

During 2001–2020, the cumulative frequency of active fires in Anhui Province reached
7.30 × 104, mainly distributed in the agricultural area of the Huanghuai Plain (Figure 7e,f).
From 2001 to 2020, the annual average frequency of active fires in Anhui Province was
about 0.36 × 104, which showed a general trend of first increasing and then decreasing,
with the highest in 2012 (0.95 × 104) (Figure 7a). Since the State Council issued the Air
Pollution Prevention Action Plan in 2013, Anhui Province, as a major grain-producing
province in East China, has closely followed the central policy and intensively introduced
straw treatment policies. This has included, for example, the Implementation Opinions on
Returning Crop Straw to the Field in 2014, the “Notice on Further Improving the Burning
and Comprehensive Utilization of Straw” in 2015, and the Notice of the General Office of
the People’s Government of Anhui Province on Doing the Burning and Comprehensive
Utilization of Straw in 2016. Under the continuous influence of relevant policies, since 2013,
the number of active fire occurrences in Anhui Province had been declining in a cliff-like
way and had not rebounded. It can be seen that the straw treatment policies in Anhui
Province effectively control the forms of straw burning in the province.
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(c) average rainfall and temperature, (d) geographical position of Anhui in China, (e) spatial difference
in hotspot density of active fires during 2001– 2020, and (f) spatial difference in land cover in Anhui
in 2020.

At the monthly level, the frequencies of active fires in Anhui Province were charac-
terized by a high incidence in summer, mainly in June (Figure 7b), accounting for 48.25%.
The harvest season of winter wheat in summer and the high concentration of active fires in
June were closely related to straw burning in this area [46].

4. Conclusions and Discussion

In this study, using MODIS Collection 6 (C6) active fire products (2001–2020), we
analyzed the occurrence frequencies and spatiotemporal differences in active fires at the
provincial and regional to national scales and at the monthly, seasonal, and annual scales.
The results revealed that the accumulated occurrence frequencies of MODIS C6 active fires
in China were up to 184.91 × 104, and the average annual level was 9.25 × 104, especially
in 2014 (15.20 × 104). The overall trend of active fires was rising and then falling, but with
significant spatial and temporal differences.

In terms of temporal level, nearly 61% of active fires occurred in spring (36%) and
autumn (25%), particularly in August (16%), April (14%), and October (13%). Spatially, the
frequencies of active fires in Northeast China, North China, and Northwest China were
consistent with the whole country, showing the characteristics of a high incidence in spring
and autumn, concentrated in March, April, and October. The frequencies of active fires
in South China and Southwest China were concentrated from December to April of the
following year, showing a high incidence in spring and autumn. The frequencies of active
fires in East China were characterized by a high incidence in summer, which occurred
in June. More importantly, more than 90% of active fires in China were distributed in
the east of the Hu Huanyong Line in the last 20 years, particularly in Northeast China
(25%), South China (23%), and East China (20%). Active fires were mainly distributed
in the Northeast Plain, the North China Plain (particularly in the Huanghuai Plain), the
southeast hills (especially in Guangdong, eastern Guangxi, and southern Hunan), and the
Yunnan–Kweichow Plateau (most of southern Yunnan and parts of northern Yunnan).

Although this research has achieved some expected results, it still has some limitations.
Firstly, the uncertainty of this study may come from the remote sensing data. Because the
spatial resolution of MODIS products is 1 km, some active fire points may not have been
detected because of rapid burning, cloud cover, or just because of limited spatial scale.
Secondly, this study failed to combine the potential impacts of active fires with air quality,
and further research is needed to quantify the potential impacts of active fires on different
social, ecological, and economic issues at the national and regional scales. Therefore, more
detailed remote sensing data are needed to monitor active fires. MODIS data are also an
optical remote sensing product, and it is difficult for it to make observations effectively in
rainy weather or severely hazy weather, which leads to the number of detected fires being
less than the actual number of fires; this is also a traditional and difficult problem. In the
future, we will pay attention to the following aspects. The scale and time differences in the
active fires of the different vegetation types in China require further discussion. Moreover,
comparative analyses of active fire occurrence frequencies at the provincial, regional, and
national scales derived from VIIRS and MODIS sensors are necessary. Finally, it is necessary
to further study the types, occurrence probabilities, and intensities of active fires in China.

Furthermore, the characteristics of active fires are closely related to natural factors
(e.g., topography, climate (temperature, precipitation, wind speed), vegetation (NDVI))
and human factors (e.g., land cover, population density, road density, residential density).
In the next step, we will further study the influence of natural and human factors on the
characteristics of active fires and deeply explore the action and driving mechanism of the
main influencing factors on the occurrence and development of active fires. Meanwhile,
we will further study the environmental effects caused by active fires, including estimating



Remote Sens. 2023, 15, 54 13 of 15

the related emissions and assessing their effects on the ambient air quality at the national
and regional scales.
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