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Abstract: Geo-Kompsat-2A (GK-2A) is the third new-generation geostationary meteorological satellite
that orbits Asia and monitors China and its surrounding areas, following the Himawari-8 and
Fengyun-4A satellites. The nadir point positioning and satellite channel parameters of the GK-2A
are better than those of the Himawari-8 and FY-4A, which are more conducive to fire monitoring in
China. In this study, a new fire detection algorithm is proposed based on GK-2A satellite data. That
is, considering the large solar zenith angle correction for reflectance and the proportion information
of background pixels in the existing spatial threshold method, fires under the different underlying
surface types and solar radiation states can be automatically identified. Moreover, the accuracy of
the Himawari-8 fire monitoring algorithm and the present algorithm of GK-2A is compared and
analyzed through the ground truth fire spot data. The results show that compared with the original
fire monitoring algorithm with fixed parameter thresholds, the brightness temperature difference
of this algorithm is reduced by 0.55 K, and the correction coefficient is reduced by 0.6 times, the
fire can be found earlier, and the monitoring sensitivity is improved. According to the practical fire
case, the present fire monitoring algorithm of GK-2A has better monitoring accuracy than the fire
monitoring algorithm of Himawari-8. The present fire monitoring algorithm of GK-2A can meet the
fire monitoring requirements under different sun angles, different cloud cover ratios and vegetation
ratios with good versatility.

Keywords: Geo-Kompsat-2A satellite; geostationary meteorological satellite; forest fire detection

1. Introduction

As one of the major natural disasters, forest and grassland fires can seriously damage
the ecological environment, endangering people’s life and property [1–4]. Thus, timely
and accurate fire information is of great significance for fire monitoring and early warning.
With the development of remote sensing technology, the application skill of polar-orbiting
meteorological satellites in forest and grassland fire detection has been well developed [5–8].
In China, Fengyun series satellites have been used to monitor forest and grassland fires in
the Greater Hinggan Mountains, Inner Mongolia, Sichuan Province and other places for
more than 30 years [9–11]. Numerous cases have shown that algorithms are also used in
the Moderate Resolution Imaging Spectro-radiometer, National Oceanic and Atmospheric
Administration series and other satellites to monitor fires [12–16]. However, due to the
observation frequency of polar-orbiting meteorological satellites and their observation
periods, they have difficulty in capturing rapidly changing forest and grassland fires in
time and continuously and dynamically monitoring the same fire.

In recent years, many satellites for forest and grassland fire detection have been
launched, such as the Himawari-8 launched by Japan [17,18], GOES-R/S/T by the United
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States and Geo-Kompsat-2A (GK-2A) by South Korea. Compared with the previous satel-
lites, these new-generation geostationary meteorological satellites have been improved
in spatial resolution and observation frequency. Thus, they have become an essential
means of forest and grassland fire monitoring and early warning. At present, the main
fire monitoring algorithms used for polar orbit satellites and geostationary satellites are
contextual. Many reports that worked on the improvement of the MODIS fire monitoring
algorithm that had been published since the original MODIS fire monitoring algorithm
released by Kaufman and Justice in 1998 [19,20]. However, most studies were focused on
the brightness temperature threshold of satellite fire point identification and the refined
calculation of background pixel brightness temperature. The fixed threshold method was
used in most algorithms, which might lead to misjudgment when it was used in differ-
ent seasons and climate regions. In addition, the impact of the change of solar angle on
the accuracy of the algorithm was not considered in most studies. With the application
of geostationary meteorological satellites in fire monitoring, some approaches had been
performed to solve the above problems. Based on the observation characteristics of the
Himawari-8 geostationary satellite, Chen et al. used multivariable thresholds to explore
the application of Himawari-8 satellite data in regional fire monitoring in China. Studies
have shown that the it can obtain fire information earlier and has a strong advantage in
fire detection.

The AHI (Advanced Himawari Imager) sensor on Himawari-8 provides high-frequency
satellite data at 10-min intervals. It is suitable for real-time fire monitoring over a large
spatial and temporal scale [21]. Wickramasinghe et al. developed an algorithm based on
data of the Himawari-8 for Western Australia and compared it with MODIS fire monitoring
data in the same area. The results show that the daily AHI-FSA omission error was only
7%. High temporal frequency data also results in AHI-FSA observing fires, at times, three
hours before the MODIS overpass with much-enhanced detail on fire movement [22]. The
influence of the sun angle on the threshold was not included in the algorithm used for
Himawari-8, nor the influence of the underlying surface proportion and cloud coverage on
the background brightness temperature. Therefore, the accuracy of fire point identification
was reduced under the condition with complex underlying surface and cloud coverage.

The GK-2A has similar observation frequency and spatial resolution to the Himawari-8
satellites [23]. However, the sub-satellite point of the GK-2A is at 128.2◦E, which is about
1000 km closer to China than that of the Himawari-8. Therefore, the GK-2A has better
sensitivity and accuracy for fire detection in China.

Moreover, as a new generation of geostationary meteorological satellites, the GK-2A,
has a similar band range to that of the Himawari-8, which covers the visible light band
to the far-infrared band. Therefore, the fire spot identification algorithm of the GK-2A is
similar to that of the Himawari-8 [24–26].

In this study, an automatic fire identification algorithm with large solar zenith angle
correction and fractional vegetation coverage is developed based on the GK-2A satellite data
and the spatial threshold method from the Himawari-8 geostationary meteorological satellite.

Based on this algorithm, the “3.30” forest fire in Xichang City, Sichuan Province, in
March 2020 is used as an example to introduce the application of the GK-2A in forest fire
detection. The research results demonstrate that the GK-2A can continuously monitor
fire information such as fire spot position and fire intensity. Furthermore, the dynamic
development of forest fires can be tracked by analyzing the fire images and fire detection
information continuously observed over multiple times.

2. Date and Method
2.1. Study Area

The geostationary satellite Geo-Kompsat-2A began operating on 4 December 2018.
It is positioned above the equator at 128.2◦E. The study area is the Geo-Kompsat-2A
full-disk data. Since the GK-2A monitors the entire disk area, the ground verification
workload is large. Guangdong, Guangxi and other southern provinces with high forest
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fire incidence were selected. The accuracy of Himawari-8 fire point monitoring algorithm
and GK-2A’s new algorithm is compared based on the ground feedback information of
the China Southern Power Grid Corporation in April 2021. The fire incident in Xichang,
Sichuan Province in 2020 was taken as an example to analyze the fire point monitoring
in minutes.

2.2. Instrument Features

Compared with the traditional geostationary meteorological satellites, the advanced
meteorological imager (AMI) carried by the GK-2A has relatively higher radiometric,
spectral and spatio-temporal resolutions. The GK-2A is a three-axis attitude control satellite
with a length of about 9 m and a mass of about 3500 kg at launch. The main parameters
of the GK-2A are listed in Table 1. The GK-2A/AMI covers 16 channels, including visible,
near-infrared, mid-infrared and far-infrared channels, with spatial resolutions of 0.5 km,
1 km and 2 km. The channel parameters of the GK-2A/AMI are shown in Table 2.

Table 1. Major specifications of the GK-2A.

Index Specifications

Altitude control Three-axis stabilization

Size during operation Launch: 2.9 × 2.4 × 4.6 (m)
Orbit: 3.8 × 8.9 × 4.6 (m)

Mass Launch mass:3.2ton@mission period
3.5ton@max availability

Design lifetime Meteorological Mission:10 years

Geostationary position 128.2 degrees East

Imager Advanced Meteorological Imager (AMI)

Space weather monitor
Particle detector (PD)
Magnetometer (MG)

Charging monitor (CM)

Communication
AMI data transmission

AMI data broadcast system
Command and telemetry

Table 2. Major parameters of GK-2A/AMI channels.

Bands
Center Wavelength Band Width

(max, µm)
Resolution

(km)
Bite Depth

Min (µm) Max (µm)

VIS0.4 0.431 0.479 0.075 1 11

VIS0.5 0.5025 0.5175 0.0625 1 11

VIS0.6 0.625 0.66 0.125 0.5 12

VIS0.8 0.8495 0.8705 0.0875 1 13

NIR1.3 1.373 1.383 0.03 2 12

NIR1.6 1.601 1.619 0.075 2 11

IR3.8 3.74 3.96 0.5 2 14

IR6.3 6.061 6.425 1.038 2 12

IR6.9 6.89 7.01 0.5 2 13

IR7.3 7.258 7.433 0.688 2 13

IR8.7 8.44 8.76 0.5 2 13

IR9.6 9.543 9.717 0.475 2 13
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Table 2. Cont.

Bands
Center Wavelength Band Width

(max, µm)
Resolution

(km)
Bite Depth

Min (µm) Max (µm)

IR10.5 10.25 10.61 0.875 2 13

11.2 11.08 11.32 1.0 2 13

12.3 12.15 12.45 1.25 2 13

13.3 13.21 13.39 0.75 2 13

2.3. Data Preprocessing
2.3.1. Channel Calibration and Reflectivity Correction

The initial data in the 16 GK-2A/AMI channels are used as the digital number. The
reflectivity and brightness temperature values on each channel can be obtained through
the official calibration lookup table. The calibration function diagram of the AMI channels
(Figure 1) indicates that the reflectivity calibrations of channels 1–6 are by linear functions,
while the brightness temperature calibrations of channels 7–16 are by nonlinear functions.
The bit depth of digital number values is 11 bit on channels 1, 2 and 6, 12 bit on channels
3 and 5, and 13 bit on channel 4. Thus, channel 4 has the largest bit depth, widest range
and the most detailed reflection information. Channels 7–16 are infrared channels. Among
them, channel 7 has a bit depth of 14 bit, with a maximum brightness temperature of
more than 400 K, containing the most abundant brightness temperature information. The
value ranges of the brightness temperature on channels 8–16 are closer, between 100 K and
350 K [27,28].

Figure 1. Function diagram of the GK-2A/AMI channel lookup table.

Since the solar zenith angle variation causes the differences in observations, the
reflection on each channel needs to be corrected before being used. The traditional solar
zenith angle correction method is shown in Equation (1).

R′ = R/ cos(θ) (1)

where R denotes the original reflectivity from satellite observations, R′ the reflectivity
corrected by the solar zenith angle, and θ the solar zenith angle. The GK-2A satellite orbit
is located at 35,800 km above the equator and remains relatively stationary with the earth,
i.e., in a fixed-point observation mode. This observation mode can realize the all-time
observation, i.e., there is full coverage of the solar zenith angle. When the solar zenith
angle approaches 90◦, cos(θ) is infinitely close to 0, resulting in an anomalous value of R′.
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Therefore, for the large solar zenith angle observation, a correction should be performed by
Equation (2).

R′ = R/ cos(θ ∗ (1.0− 1.3∗ sin(0.05∗θ))) (2)

Figure 2 presents the differences between the results of Equations (1) and (2). Obvi-
ously, when the solar zenith angle is less than 30◦, the correction results from Equations (1)
and (2) are relatively consistent. However, the differences of the two correction methods
gradually enlarge with the increase of the solar zenith angle, especially the solar zenith an-
gle of more than 60◦. Due to the characteristics of fixed-point observation, the GK-2A often
works with the solar zenith angle exceeding 60◦. Thus, the observation results from the
satellite need special treatment. The difference before and after the reflectivity correction by
Equation (1) (blue line) is more than 50 times, while the difference from Equation (2) (green
line) is reduced to about six times. A similar situation can be found from the ratio curves
(red line) of the two methods. Therefore, the reflectivity correction by using Equation (2) is
more scientific.

Figure 2. Comparison of different reflectivity correction methods.

2.3.2. Location Correction

The GK-2A adopts the geostationary satellite normalized projection defined by the
Low/High Rate Information Transmission issued by the Coordination Group for Mete-
orological Satellites, and the geographic coordinates are calculated based on the World
Geodetic System 84 reference ellipsoid [29]. The positioning errors of fire spots are the
largest influencing factor of fire detection by satellite remote sensing, which is influenced
by numerous factors, such as the observation mode of sensors, satellite attitude, projection
mode and elevation. Among them, elevation is the most common factor causing positioning
deviation. The mountainous areas in southern China are far from the sub-satellite point of
the GK-2A, with complex terrain and large topographic relief. As satellite positioning accu-
racy cannot be ignored in fire detection and application, geometric correction is necessary
for processing fire spots from satellite remote sensing [30]. Figure 3 shows that topographic
relief can cause a displacement in satellite image positioning.
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Figure 3. Influence of topographic relief on satellite positioning.

Under the condition of vertical photography, the image point displacement caused by
the topographic relief can be expressed as Equation (3).

δh =
r
H

h (3)

where h indicates the height difference between the ground point corresponding to the
image point and the datum plane, H the height of the platform relative to the datum plane,
and r the distance from the image point to the bottom point.

The 30 m × 30 m elevation data is used to correct the projection errors caused by
topographic changes in high-altitude areas in China. Figure 4 is the elevation correction
effect map of high altitudes (Tibetan Plateau, upper part of Figure 4) and low altitudes
(Hainan, lower part of Figure 4) projected by the GK-2A. The yellow line is the vector
line of the land and water boundary. When the land and water boundary matches the
water and land of the GK-2A satellite image, the positioning is accurate. Obviously, the
higher the elevation, the greater the correction amplitude. In addition, there is almost no
change in the positioning displacement before and after the correction in low altitude areas.
High-precision elevation data can be used to assess the impact of elevation on satellite
positioning, thereby correcting the positioning.

Figure 4. Positioning correction effect of the GK-2A remote sensing images at different elevations.
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2.4. Method
2.4.1. Principle

The basic principle of fire spot identification by remote sensing technology relies on
two conditions, i.e., the enhancement of thermal radiation caused by increasing temperature
and the difference of growth ranges of various thermal infrared channels. According to
the Stefan Boltzmann law, the energy increase is proportional to the fourth power of the
brightness temperature. The temperature change of a high-temperature heat source is
favorable to identify the heat source. Wien’s displacement law indicates that the brightness
temperature is inversely proportional to the central wavelength of radiation, i.e., the
radiation wavelength becomes shorter with the increasing brightness temperature. Suppose
the normal temperature of bare ground surface is 300 K, and the peak wavelength of
radiation is about 11 µm. When the temperature of biomass combustion reaches more than
1000 K, the peak wavelength of radiation is about 3.5 µm. The channels of GK-2A sensors
include 3.9 µm, 11.2 µm and 12.3 µm, which are conducive to fire spot identification.

2.4.2. Algorithm

To realize the automatic fire spot identification by the GK-2A, we improve the fire spot
detection algorithm used by the Himawari-8 satellite in this study based on characteristics
of the GK-2A sensor channels [16]. Moreover, the solar zenith angle and underlying surface
type proportion are taken into consideration in this algorithm. Figure 5 shows the flow
chart of the fire spot identification.
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The main differences of fire the spot identification algorithms between the GK-2A and
the Himawari-8 are reflected in the calculation of brightness temperature at background
pixels and the dynamic threshold of fire spot pixel identification.

Calculation of Brightness Temperature at Background Pixels

The effective background pixels and their brightness temperature are essential physi-
cal quantities for fire spot identification in this study, and appropriate pixels are necessary
for calculating brightness temperature at background pixels. If the brightness tempera-
ture of the pixel is excessively high, it can raise the background brightness temperature,
thus resulting in missing detection. Conversely, low-temperature pixels can reduce the
brightness temperature of background pixels, causing false detection. Therefore, pixels
with excessively high and low brightness temperature are regarded as invalid pixels. To
extract effective pixels, we propose the condition judgment method of underlying surface
type differentiation based on previous studies on fire spot operational identification from
the Himawari-8 and Fengyun-4A satellite images, i.e., if the brightness temperature at
the mid-infrared channel meets Equations (4) and (5), this pixel can be determined as an
effective background pixel.

T7 < Tmax
mean − TTH_bg (4)

T7 > TTH_bg − Tmin
mean (5)

TTH_bg = 2 ∗ T7 − δT7 (6)

where Tmax
mean indicates the average brightness temperature at the mid-infrared channel in

the window area that is higher than the brightness of the identified pixel when the land
type in the window area is not consistent with that of the identified pixel. Tmin

mean is similar
to, and the only difference is that is lower than the brightness of the identified pixel. TTH_bg

denotes the discrimination threshold of the effective background pixels, T7 and δT7 are
the average value and standard deviation of brightness temperature at all mid-infrared
channels in the window area.

Based on the obtained effective background pixels, the average brightness value of the
effective background pixels in the region to be judged can be calculated, i.e., the background
brightness temperature is obtained. 3 × 3 pixels are selected in the initial window area. If
the number of effective pixels is less than 20% of the total pixels in the window area, the
window area will be expanded to continue screening. If the window area has 51 × 51 pixels
(maximum number) and still does not meet the above condition, the pixels to be judged are
marked as non-fire pixels.

Confirmation of Fire Spot Pixels

The fire spot pixels can be obtained by using the growth difference of the brightness
temperature of the identified pixels and background effective pixels at mid-infrared and
far-infrared channels [14,15]. That is, if the brightness temperature satisfies Equations (7)
and (8) at the same time, the corresponding pixel can be determined as a fire spot pixel.

T7 − T7bg > TTH1 (7)

T7_14 − T7_14bg > TTH2 (8)

where T7 and T7bg represent the mid-infrared brightness temperature of the identified pixel
and the background pixel, T7_14 and T7_14bg denote the brightness difference between the
mid-infrared and far-infrared channels in the identified pixel and background pixel, and
TTH1 and TTH2 indicate the dynamic thresholds calculated by Equations (9) and (10).

TTH1 = n1 × δT7bg (9)

TTH2 = n2 × δT7_14bg (10)
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where δT7bg represents the standard deviation of the brightness temperature of the mid-
infrared channel at effective background pixel, δT7_14bg the standard deviation of the
brightness temperature difference between the mid-infrared and far-infrared channels at
the effective background pixel, n1 the correction coefficients of TTH1, and n2 the correction
coefficients of TTH2. Note that identification thresholds are obtained based on numerous
historical real fire spot samples, which vary with observation time and areas.

Treatment of Solar Zenith Angle and Special Underlying Surface

Geostationary satellites have high-frequency and all-time observation characteristics,
and their complex fire spot identification conditions are complex. The mid-infrared channel
is at the junction of reflection and radiation. Therefore, if the radiation signal is strong, the
reflected signal is easy to be captured in this channel as the radiation information. The
reflected signal is affected by the solar zenith angle, clouds and special underlying surfaces.
That is, the solar radiation signal is reflected into the satellite sensor at identified pixels,
which is easy to be regarded as a thermal radiation signal. Therefore, the radiation results
obtained from the satellite images need to be corrected for the effects of solar zenith angle
and special underlying surfaces such as clouds.

(1) Treatment of solar altitude angle and fractional vegetation coverage

By using the underlying surface information, we process the correction coefficients of
the dynamic thresholds in the improved algorithm. In addition, we analyze the influence
law of θs (solar altitude angle of the pixel to be judged) and PV (the proportion of non-
vegetation pixels in the window area) on the correction coefficients to obtain n∗i (the
modified coefficient), as shown in Equation (11).

n∗i =

{
ni × (1 + sin(θs))× (1 + PV)

ni × (1 + 1.2sin(θs))× (1 + PV)
; θs ≤ 45

◦

; θs > 45
◦ (11)

where ni denotes the initial background coefficients, and i = 1 or 2. Under initial conditions,
n1 and n2 are equal to 3 and 3.5, respectively. Note that ni increases with θs and PV to
reduce the false detection caused by the solar reflection signal.

(2) Treatment of cloud interference effects

As a special underlying surface, clouds usually have the characteristics of low bright-
ness, high reflectivity and special geometric structure. When the identified pixel is at the
edges and gaps of clouds, the effective background brightness temperature may be reduced
due to the cloud brightness temperature, which makes the brightness of the identified pixel
easy to meet the fire point identification conditions. Moreover, the specular reflection effect
of solar radiation caused by the unique structure of clouds may result in the false detection
of fire spots. Therefore, an adaptive correction method for the proportion of cloud pixels is
developed, as shown in Equation (12).

δT∗ibg =


2× (1 + Pc)

δTibg × (1 + Pc)
4× (1 + Pc)

δTibg ≤ 2K
2K ≤ δTibg ≤ 4K

δTibg ≥ 4K
(12)

where the value of i ranges from 7 to 14. Additionally, δT∗ibg and δTibg indicate the corrected
standard deviation and the original standard deviation at the window area, and Pc denotes
the proportion of cloud pixels in the window area. The identification threshold increases
with Pc around the identified pixel, i.e., the standard of fire spot identification is raised to
effectively reduce the false detection of fire spots at the edge of clouds.

Elimination of False Fire Spots

Perennial high-temperature sources and flare spots, such as factories, photovoltaic
power plants and cities, are the main factors of the false fire spot detection and need to
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be excluded in the fire spot identification process. Artificial heat sources are the main
components of the perennial high-temperature sources, which are excluded by using
auxiliary data such as land cover type. Flare spots are filtered out by the flare angle
threshold, and the flare angle (θr) is obtained according to Equation (13).

θr = arccos(sinθVsinθscosψ + cosθVcosθs) (13)

where ψ represents the relative azimuth, and θV indicates the observation zenith angle. If
both the visible reflectance and infrared reflectance are greater than 0.3, and the flare angle
is less than 30◦, the pixel is regarded as a flare spot.

3. Results and Discussion
3.1. Improved Fire Monitoring Algorithm

Considering the maturity of the algorithm and the proximity of instrument charac-
teristics, this paper investigates the satellite fire monitoring algorithms of MODIS and
Himawari-8/AHI, respectively. Giglio described the Collection 6 (C6) MODIS fire detection
algorithm which could address limitations of the Collection 5 fire product. It was proved
that C6 could reduce the false alarms caused by small forest clearings and the oversight of
fires hidden by dense smoke. However, there are still limitations in the study of dynamic
threshold [14,31–33]. Na, Li monitored the overall process of grassland fires that occurred
on the border area of China and Mongolia using bands 7, 4, and 3 of the Advance Himawari
Imager (AHI) data, in conjunction with a threshold algorithm and a visual interpretation
method. It was found that the dynamic change of a grassland fire could be tracked and
the spread speed and direction could be predicted based on AHI data [34,35].The dynamic
monitoring of the whole process of fire development based on himawari-8 satellite data
was also realized in our previous report. However, the observation signal of the geosta-
tionary meteorological satellite is greatly affected by the change of solar angle, while the
influence of solar angle change is not considered in previous studies.The above-mentioned
satellite algorithms have insufficient research on the dynamic threshold, and the observa-
tion signal of Himawari-8/AHI satellite changes greatly with the change of the sun angle.
The GK-2A fire point algorithm is designed to solve the problem of dynamic threshold
value monitoring of fire point under the observation of the full solar elevation angle of the
geostationary meteorological satellite. The method based on variable threshold function
under the conditions of different sun angles, cloud coverage and vegetation coverage
improves the misjudgment caused by the sun reflection at the cloud edge and the sparse
vegetation underlying the surface, and improves the all-day fire point of the geostationary
meteorological satellite. The accuracy of monitoring improves the sensitivity of micro-fire
monitoring (Table 3).

Table 3. Fire monitoring algorithm for different satellites.

MODIS(VIIRS) Himawari-8 GK-2A

Potential Fire Test

Daytime:
T4 > 310 & ∆T > 10
Nighttime:
T4 > 305 & ∆T > 10
(T4 > Tmin ∆T > ∆Tmin)

T3.9 > Tth
T3.9 > T’3.9bg_veg + ∆T3.9bg_veg

T3.8 > Tth
T3.8 > T’3.8bg_veg + ∆T3.8bg_veg

Absolute Fire Test
Daytime: T4 > 360
Nighttime: T4 > 320
(T4 > Tabs)

T3.9 > Tmax T3.8 > Tmax
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Table 3. Cont.

MODIS(VIIRS) Himawari-8 GK-2A

Background Fire Test

Daytime:
T4 > 325&∆T > 20
Nighttime:
T4 > 310 & ∆T > 10

T3.9 > T3.9bg + T
T3.8 < Tmax

mean − TTH_bg

T3.8 > TTH_bg − Tmin
mean

Contextual Tests

∆T > ∆Tb + 3.5×δ ∆T
∆T > ∆Tb + 6 k
T4 > T4b + 3 × δ4
T11 > T11b + δ11 − 4 k
δ’4 > 5 k

T3.9 > T3.9bg + n1 × δT3.9bg
∆T3.9_11 > ∆T3.9_11bg + n2 × δT3.9_11bg

T3.8 − T3.8bg > TTH1
T3.8_11 − T3.8_11bg > TTH2

TTHi = fun(ni,θs,Pv,Pc)

Due to the large number of sun angles and rapid changes, the fire monitoring algorithm
of the GK-2A satellite is more complicated than that of the polar orbiting satellite. It needs
continuous improvement. When the zenith angle of the sun is close to 90 in the morning
and evening hours, there is still a big problem in the reflectivity correction, and there is
still a lot of room for improvement in the accuracy of fire point identification. The current
threshold function was tested on samples from China and surrounding areas, so it has
limitations in applicable areas. The threshold function for other regions needs to be studied
further. Due to the low spatial resolution of GK-2A, it is difficult to obtain the underlying
surface information in real time and accurately, which affects the identification results.

3.2. Fire Point Monitoring Algorithm Accuracy of Himawari-8 and GK-2A

In April 2021, different algorithms of Himawari-8 and GK-2A were used to monitor
1011 hot spots in the study area, respectively. Compared with the ground truth fire data,
Compared with the original fire monitoring algorithm of Himawari-8, the present algorithm
discrimination accuracy of GK-2A is increased by 8.4%, the average accuracy is increased
by 9.1%, and the accuracy is increased by more than 9% (Table 4). From the perspective
of time, 47% of the hot spots monitored by GK-2A are earlier than Himawari-8, and the
sensitivity of fire point monitoring has been greatly improved. (Table 5).

Table 4. Fire monitoring algorithm effect for different satellites.

Satellite Province Total Unconfirmed Confirm Discrimination
Accuracy (%)

Average
Precision (%)

Himawari-8

Guangdong 142 32 110 77.5

77.3
Guangxi 303 64 239 78.9

Yunnan 444 97 347 78.2

Guizhou 91 29 62 68.1

Hainan 31 8 23 74.2

GK-2A

Guangdong 142 19 123 86.5

86.4
Guangxi 303 38 265 87.3

Yunnan 444 58 386 86.9

Guizhou 91 17 74 80.9

Hainan 31 5 26 84.5
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Table 5. Fire monitoring algorithm effect for different satellites.

Percent (%) T3.8 (K) ∆T3.8 (K) T11 (K) ∆T11 (K)

Early 47.1 294.3 6.72 287.4 0.27

Same 33.2 299.7 8.12 291.2 0.44

Delay 19.7 296.8 7.57 286.7 0.11

Compared with Himawari-8, the new algorithm of GK-2A has a good performance
in fire point monitoring, but about 20% of the fire point has a lag phenomenon compared
with Himawari-8. The accuracy and the timeliness of monitoring will be improved based
on the joint fire point monitoring of the above two satellites.

3.3. Application

At 3:00 p.m. on 30 March 2020, a forest fire broke out in Xichang City, Liangshan Yi of
the Autonomous Prefecture, Sichuan Province, and the fire spread rapidly towards Lushan
Mountain. By 4:00 p.m. on 31 March, the burned area exceeded 1000 hm2, and the destroyed
area was more than 80 hm2. By 2 April 2020, all open fires were extinguished. The Xichang
forest fire was monitored and analyzed dynamically from 3:40 p.m. to 6:00 p.m. on March
30 by using GK-2A data. The specific steps are as follows. Firstly, the fire spot identification
method of the human-computer interaction is used to identify fire spots from the 15-time
subsatellite images from 3:40 p.m.–6:00 p.m. Figure 6 presents the original mid-infrared
images from the GK-2A, with high brightness temperature in white and low brightness
temperature in black. No obvious bright spot can be found in the infrared cloud image
at 3:40 p.m., and a faint bright spot (red arrow) was visible in the infrared cloud image at
3:50 p.m. The fire spot was maintained faintly from 4:00 p.m. to 4:40 p.m., i.e., there was no
noticeable change in the fire spot intensity during this period. From 4:50 p.m., the bright
spot changed from a single point to a multi-point surface, with significantly increased
brightness. This situation was maintained until 6:00 p.m. That is, the fire area started to
expand outward during 4:50 p.m.–6:00 pm, and fire intensity increased significantly.

Figure 6. Cont.



Remote Sens. 2022, 14, 2655 13 of 17

Figure 6. GK-2A mid-infrared images of forest fire detection in Xichang from 3:40 p.m. to 6:00 p.m.
on 30 March 2020.

The physical parameters of satellite monitoring from 3:40 p.m. to 6:00 p.m. on 30 March
(Table 6) suggest that at 3:40 p.m., the brightness temperature of the fire spot pixels was
310.2 K, and the background brightness temperature was 307.9 K. In addition, the brightness
temperature differences between the fire spot pixels and background pixel did not reach
the threshold value at that moment. Thus, neither algorithm identified the fire spot pixels.

From 3:50 p.m. to 6:00 p.m. (Table 6), the brightness temperature of the fire spot
pixels increased from 314.5 K to 401 K. From 4:10 p.m., the brightness temperature at
fire spot pixels increased more, and the difficulty of identifying the heat source pixels
decreased in terms of both algorithms. The analysis of the situation at 3:50 p.m. and
4:00 p.m. reveals that the difference between the two algorithms lies in the change of the
correction coefficients of background brightness temperature, and the correction coefficient
of the original algorithm is larger than that of the new algorithm by 0.55 K (0.6 times).
Thus, a higher brightness temperature difference is required for fire spot identification
in the original algorithm than in the new one. Figure 6 demonstrates that the brightness
temperature differences of pixels are not obvious. The main reason is that the fire spots were
located around Xichang City, and the underlying surface type includes artificial buildings
such as roads and houses, whose temperature increase rate is faster than that of forests.
The introduction of correction information such as solar angle and forest coverage ratio
parameters can effectively eliminate the impact of such interference on the background
pixels of fire spots, improving the sensitivity and accuracy of fire spot identification.
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A comprehensive analysis of the Xichang fire is conducted based on the GK-2A data
at 10-min intervals for a total of 385 times from 3:40 p.m. on 30 March to 9:00 a.m. on
2 April 2020. Figure 7a shows the observation time of fire spots, Figure 7b presents the
durations of fire spots, and Figure 7c indicates the variation of fire impact range with time.

As shown in Figure 7a, the main fire area can be obtained by the detection on 30 March,
which spreads to the southeast. The burned area was mainly maintained within the main
fire area on 31 March, 1 April and 2 April. Figure 7b shows that the maximum duration
was more than 60 h, indicating that this fire has a large influence area and a long burning
duration. Moreover, from Figure 7c, it can be found that the fire intensity has a cyclic
variation, with five peaks on the afternoon of 30 March, the early morning, evening and
night of 31 March and the night of 1 April, and a maximum instantaneous influence area of
more than 20 hm2. The periods of low fire intensity were mainly in the morning. Overall,
the GK-2A satellite can monitor the positioning and fire intensity of fire spots at each time.
Also, the GK-2A satellite data can be used to analyze the impact range and duration of the
fire through the high-frequency observation of the minute interval of the satellite in order
to obtain the highest risk area of the fire. The evolution of high-frequency fire intensity
with time enables us to extract different high and low-risk periods and provide real-time
and fine decision-making information for firefighters.

Table 6. Monitoring parameters of the “3.30” forest fire in Xichang.

Time Solar Zenith Angle Pixel Temperature (K)
The Temperature of

Background (K)
Correction
Coefficient

Fire
(Yes/No)

New Original New Original New Original

15:40 41.71 310.2 307.9 308.1 4.1 4.3 × ×
15:50 43.72 314.5 307.8 308.2 4.2 4.7

√
×

16:00 45.71 315.4 307.9 308.6 5.1 5.8
√

×
16:10 47.74 323.4 309.2 310.4 5.2 5.8

√ √

16:20 49.70 322.7 309.4 310.5 5.1 6.0
√ √

16:30 51.88 335.4 311.4 313.7 5.6 6.9
√ √

16:40 53.98 341.8 313.3 315.2 5.9 6.8
√ √

16:50 56.10 355.9 312.2 314.8 6.0 7.2
√ √

17:00 58.24 383.4 314.7 316.9 6.3 7.6
√ √

17:10 60.39 387.4 312.8 315.6 6.4 7.8
√ √

17:20 62.55 392.2 316.2 320.1 6.5 7.7
√ √

17:30 64.72 394.6 313.7 316.8 6.5 7.8
√ √

17:40 66.90 401 314.8 317.5 6.6 7.9
√ √

17:50 69.09 400.1 315.1 318.4 6.6 7.9
√ √

18:00 71.28 397.9 318.5 322.1 6.5 7.8
√ √
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Figure 7. Dynamic monitoring of the “3.30” forest fire in Xichang, Sichuan Province by the GK-2A
satellite. (a) the observation time of fire spots, (b) the durations of fire spots, (c) the variation of fire
impact range with time.

4. Conclusions

The data from the GK-2A satellite, the most advanced geostationary meteorological
satellite, can be effectively applied to forest fire detection. This data can help us quickly
and accurately obtain fire information such as fire spot location, area and temperature, and
it plays an essential role in fire detection.

The fire spot identification algorithm of the GK-2A satellite is more scientific and
reasonable than that of the Himawari-8 satellite. In this new algorithm, a new reflectivity
correction method for solar angle is adopted during the data preprocessing, effectively
ensuring the authenticity of the reflectivity information obtained at the large solar zenith
angle. The proportional correction coefficient of the underlying surface type is introduced
into the fire spot identification algorithm, which can effectively improve the accuracy and
sensitivity of fire spot monitoring, especially for the complex underlying surface and the
initial stage of fires.
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The dynamic threshold problem of the fire point under the observation of the full
sun elevation angle of the geostationary meteorological satellite is solved based on the
GK-2A fire point monitoring algorithm in this study. This method considers different
sun angle, cloud cover and vegetation coverage conditions based on the algorithms of
MODIS and Himawari-8. It improves the misjudgment caused by the sun reflection at
the edge of the cloud and the underlying surface of sparse vegetation. The accuracy of
the present fire point monitoring algorithm v of GK-2A is more than 9% higher than the
original Himawari-8 fire monitoring.

Moreover, due to the high timeliness of remote sensing technology, the GK-2A satellite
can perform high-frequency and timely observation during fire detection. The multi-time
and continuous observation can be used to evaluate the influence range and intensity of
fires in real time and obtain continuous and dynamic fire information, which is of great
significance for the real-time observation, fire development and rapid assessment of forest
fires. The detection of the 3.30 Xichang forest fire in 2020 further demonstrates the critical
role of the GK-2A satellite data in forest fire detection, which can provide a basis for the
forest and grassland fire prevention departments to take fire prevention measures in time.
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