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Abstract. Using MODIS standard products, the temporal and spatial distribution characteristics of thermal
anomalies in Henan Province in the past 12 years (2008~2019) were studied. The results found that in terms
of spatial distribution, thermal anomalies were mostly concentrated in Luohe, Zhumadian, Pingdingshan,
Puyang, and Shangqiu. The number of areas under the jurisdiction of Anyang, Hebi, Nanyang and Xinyang
is relatively high. On the inter-annual trend, the number of thermal anomalies continued to increase from 2009
to 2013, with an average annual growth rate of 28.3%, and a continuous decline from 2013 to 2018. The
decline rate was 18.4%, during which the number reached a peak of 5,843 in 2013. In terms of seasonal
changes, the number of summer thermal anomalies is the largest, at 25,361, and thermal anomalies of summer
are mostly concentrated in most areas of Zhumadian, Pingdingshan, Puyang and Shangqiu; the number of
thermal anomalies in winter is the least, 3974, which are relatively mostly distributed in the mountainous
areas of Nanyang and Xinyang. This study helps to understand the forest fires in typical areas in Henan
Province, as well as heat caused by straw burning, industrial emissions, etc. Thermal anomalies changes
provide technical support for regional disaster prevention and environmental monitoring.

1 Introduction
The use of thermal infrared remote sensing technology can
generate thermal anomaly remote sensing information
products that reflect the properties and spatial information
of surface objects. Nowadays, these thermal anomaly
remote sensing information products have been used in
many industries. For example, Sun Shuang et al.1 used
thermal anomaly remote sensing products to explore the
changing law of the radiation intensity of thermal
anomalies and its relationship with industrial energy
consumption and pollutant emissions. Jin Quanfeng et al.2
and Yang Xiajie et al.3 Use MODIS thermal anomaly
remote sensing products to analyze the total discharge of
forest fire pollutants in forest areas and their temporal and
spatial distribution; In addition, the use of thermal
anomaly remote sensing monitoring technology can also
monitor and identify biomass burning. Straw burning is a
kind of biomass burning, and it is a common practice in
biomass management used in many parts of the world to
prepare land for the next round of crop planting4.
However, a large amount of straw burning can cause
serious harm to the environment. For example, It will
cause a waste of resources; it may cause a large area of fire
accidents, which poses a great threat to the lives and
properties of ordinary people; reduce transportation
efficiency and may cause traffic accidents, etc5.
Satellite remote sensing has the advantages of large
*Wenju

area coverage, high time frequency, and less restricted
conditions. It can replace the traditional time-consuming
and inaccurate method of monitoring the open-air burning
of straw on artificial ground6. Because MODIS is suitable
for responding to the characteristics of rapid and sudden
changes in straw burning, it has always been an ideal data
source in the monitoring of large-scale straw burning. The
research idea of this paper is to select Henan Province as
the research area of thermal anomaly points, and use the
MOD14/MYD14 secondary standard data products of
Henan Province for a total of 12 years from 2008 to 2019
as the data source. The research idea of this paper is to
select Henan Province as the research area of thermal
anomalies, and the data are derived from the
MOD14/MYD14 second-level standard data products of
Henan Province from 2008 to 2019, The research idea of
this paper is to select Henan Province as the research area
of thermal anomalies, and the data source is the
MOD14/MYD14 second-level standard data product of
Henan Province from 2008 to 2019, which is a total of 12
years. Therefore, we discuss the temporal and spatial
distribution trend of thermal anomalies in Henan Province.
1.1 Study area
As a major agricultural province, Henan Province is
located at 31°23'~36°22' north latitude and
110°21'~116°39' east longitude. It is located in the
Huanghuaihai Plain and is a typical crop planting area
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T is the Kelvin temperature, and λ is the wavelength.
Equation (1) is the physical basis for inversion to obtain
the surface temperature, and the Wien displacement law
derived from equation (1), equation (2) is the theoretical
basis for selecting thermal anomaly remote sensing
spectral bands9. The thermal anomaly point information
of satellite remote sensing such as MODIS is mainly
extracted and calculated based on the Wien displacement
law:

with two crops a year. The total area of the province is
2
167,000 km , accounting for 1.7% of the total area of the
country. However, the population density is high, with a
permanent population of 94.8 million, accounting for 7%
of the total permanent population of the country7.
1.2 Data sources
This study chose to download the standard product
MOD14/MYD14 of MODIS from 2008 to 2019 in Henan
Province. This product is mainly for monitoring thermal
anomalies-fires on a global scale. It’s spatial resolution is
1km, and it can achieve a monitoring frequency of twice a
day under the condition of double-star coordination.

λm ×T = 2897.9(μm × k)

(2)
Where λm is the center wavelength corresponding to
the maximum blackbody radiation power at the
temperature T , and k is the temperature unit of Kelvin.
It can be obtained from the equation (2) that the peak value
of the energy flux density of the blackbody
electromagnetic radiation is inversely proportional to the
temperature of the blackbody10. Therefore, the threshold
can be judged based on the difference between the fire
pixel and the background pixel, so as to reach the number
of thermal anomaly points.

1.3 Data processing
1.3.1 Extraction principle of thermal abnormalities
According to Planck's law, any object whose absolute
temperature exceeds 0K will radiate energy in the form of
electromagnetic waves. When the temperature is constant,
the black body emits and absorbs the same
electromagnetic wave energy. This law can be expressed
by the Planck equation8:

1.3.2 Thermal abnormality statistics MODIS standard
products provide parameters such as fire point reliability,
day/night identification code, and surface classification,
so that it is convenient for relevant researchers to screen
the fire point data under different conditions. At present,
this study does not set relevant screening conditions, and
aims to analyze the overall situation of thermal anomalies
in Henan province from 2008 to 2019.

C1
C
λ 5 (exp( 2 ) - 1)
λT
(1)
In the equation, C1 and C2 are physical constants,
Βλ =
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Figure 1. Spatial distribution of thermal anomalies in Henan Province from 2008 to 2019.
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Figure 2. Seasonal and inter-annual changes in the number of thermal anomalies in Henan Province from 2008 to 2019.

summer is the largest, and the distribution of thermal
anomalies is the most obvious; The number of thermal
anomalies in winter is the least, and it is the same all year
round. In terms of inter-annual changes, the number of
thermal anomalies decreased from 2008 to 2009, and the
number of thermal anomalies continued to increase from
2009 to 2013, with an average annual growth rate of
28.3%, and the number of annual thermal anomalies
peaked at 5,843 in 2013. From 2013 to 2018, it continued
to decline, with an average annual decline rate of 18.4%,
and then the number showed an upward trend from 2018
to 2019. These are closely related to the implementation
of the burning ban policy and regional characteristics11.

Using the MODIS thermal anomaly product data from
2008 to 2019, a total of 46,176 thermal anomaly points
were monitored in Henan Province. Figure 1 shows the
spatial distribution of thermal anomalies in Henan
Province from 2008 to 2019, and Figure 2 shows the trend
of the inter-annual number of thermal anomalies in Henan
Province from 2008 to 2019. From Figure 1 and Figure 2
comprehensive comparison found that the overall thermal
anomaly points are concentrated in Luohe, Zhumadian,
Pingdingshan, Puyang, and Shangqiu. In addition, Anyang,
Hebi, Nanyang and Xinyang city also have a relatively
concentrated number of thermal abnormalities.
We can clearly see the seasonal and inter-annual
changes of the thermal anomaly from Figure 2. Compared
with other seasons, the number of thermal anomalies in
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Figure 3. Spatial distribution of annual mean values of thermal anomalies in Henan Province from 2008 to 2019(a: 2008~2010; b:
2011~2013; c: 2014~2016; d: 2017~2019).

From the spatial distribution of the annual mean value
of thermal anomalies in Henan Province in Figure 3, it can
be seen that the number of thermal anomalies in Henan
Province from 2008 to 2010 was relatively small, mostly

concentrated in parts of Luohe, Pingdingshan, Xuchang,
and Shangqiu. The number of thermal anomalies increased
significantly from 2011 to 2013. Except for Luohe,
Pingdingshan city, and Shangqiu, Zhumadian, Xinyang,

3

https://doi.org/10.1051/e3sconf/202125203026

E3S Web of Conferences 252, 03026 (2021)
PGSGE 2021

and Zhoukou city also had a large number of thermal
anomalies. From 2014 to 2016, there has been a
continuous increase in the number of thermal anomalies
compared to the previous period. Except for Sanmenxia,
Luoyang, Nanyang, and Xinyang City, which have fewer
thermal anomalies, other regions have a large number of
thermal anomalies. From 2017 to 2019, the number of
thermal anomalies in Henan Province decreased
significantly, and only in some areas of Anyang, Xinxiang,

Zhengzhou and Xuchang city have thermal anomalies. In
order to curb the phenomenon of straw burning, the Henan
Provincial Government held a video and telephone
conference in Zhengzhou on September 22, 2015. The
content of this meeting is an important factor leading to
the inter-annual change trend of the above-mentioned
thermal anomaly.
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Figure 4. Distribution of the seasonal mean value of the number of thermal anomalies in Henan Province from 2008 to 2019 (Spring
(3 to 5), Summer (6 to 8), Autumn (9 to 11), Winter (12 to 2)).

Figure 4 shows the seasonal average distribution of
heat anomalies in Henan Province from 2008 to 2019. In
general, there are relatively more heat anomalies in
summer, 25361. The distribution is less in spring, autumn
and winter, with 10565, 6276 and 3974 respectively.
Summer thermal anomalies are mainly distributed in
Zhumadian, Pingdingshan, Puyang, Shangqiu city. The
number of thermal anomalies in autumn and winter is
small and scattered, and the number of thermal anomalies
in winter is relatively more distributed in the mountainous
areas of Nanyang and Xinyang city.

first increased and then decreased, reaching the highest
number in 2013. In the seasonal distribution, thermal
anomalies are most frequently distributed in summer,
concentrated in most areas of Zhumadian, Pingdingshan,
Puyang, Shangqiu city; the distribution of heat anomalies
in other seasons is less and scattered. Since the beginning
of the 21st century, the management and control of straw
burning in Henan Province has also achieved good
practical results. However, in order to prevent the rebound
of straw burning, the environmental protection department
of Henan Province and the local government can carry out
precise prevention and control by region and time period
based on the spatial and temporal distribution of thermal
abnormalities. Moreover, this approach also saves
manpower, material resources and other costs, and
significantly reduces the environmental pollution caused
by straw burning.

3 Conclusion
After extracting thermal anomalies from the
MOD14/MYD14 secondary standard data products
received on the ground, we discusses the temporal and
spatial distribution of thermal anomalies in Henan
Province from 2001 to 2018. The results show that:
From 2008 to 2019, the thermal anomaly spots in
Henan Province were concentrated in Luohe, Zhumadian,
Pingdingshan, Puyang, and Shangqiu city; during the
inter-annual changes, the number of thermal anomalies
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