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Accuracy Evaluation of the FY-4A AGRI Land
Surface Temperature Product

Yiyao Gao , Shanyou Zhu , Guixin Zhang , and Yongming Xu

Abstract—Land surface temperature (LST) plays a key role in
surface-atmosphere interactions and energy exchange processes
and is an important parameter indispensable for earth science
research. The LST accuracy retrieved from the Advanced Geosyn-
chronous Radiation Imager (AGRI) onboard China’s geostation-
ary meteorological satellite FY-4A has not been well evaluated,
which affects its further applications. In this article, the accuracy
of AGRI land surface temperature products is evaluated by a
direct verification method using land surface temperature data
observed at meteorological stations in China. On this basis, the
angle correction kernel model is used to perform angle correction
for AGRI LST products by comparing the angle difference be-
tween AGRI and moderate-resolution imaging spectroradiometer
(MODIS) sensor imaging moments, and MOD11A1 products in
central China are selected to cross-validate the accuracy of AGRI
LST products. The results show that the spatial and temporal
distributions of AGRI land surface temperature and meteorological
station observations are consistent, and the accuracy of AGRI LST
differs somewhat in different seasons, with the lowest correlation of
0.68 and root-mean-square error (RMSE) of 10.92 K in Summer,
and 0.89 and 6.89 K in Winter. The correlation between AGRI
LST and MOD11A1 LST before angle correction is 0.64, and the
RMSE is 5.45 K. After angle correction, the correlation increases
to 0.90, and the RMSE decreases by 2.12 K. There are differences
in the angle correction results for various land cover types and
different terrains, and the accuracy of AGRI LST at the time
of the ascending track (nighttime) is higher than that of the de-
scending track (daytime). The overall results of direct verification
and cross-validation indicate that FY-4A AGRI LST product has
high accuracy and can accurately express the spatial and temporal
distribution characteristics and variation patterns of land surface
temperature.

Index Terms—Angle correction, cross-validation, direct verifi-
cation, land surface temperature (LST), moderate-resolution
imaging spectroradiometer (MODIS).

I. INTRODUCTION

LAND surface temperature (LST) is an important parameter
for the radiative balance of the coupled surface-atmosphere
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system and physical processes at the surface [1]. The Global
Climate Observing System organization and the Climate Change
Initiative of the European Space Agency specify land surface
temperature as one of the essential climate variables for moni-
toring the earth’s climate system. Essential climate variables [2]
and their spatio-temporal variability information are of great
scientific significance and application value in the fields of
weather prediction, climate change, water cycle, geological ex-
ploration, agriculture and forestry monitoring, and urban thermal
environment [3], [4], [5]. Remote sensing, especially thermal
infrared remote sensing, as the main technology to obtain LST
at regional and global scales, has received extensive attention
in recent years. The further application of LST products mainly
depend on their data quality, and understanding the accuracy of
remote sensing retrieved LST products is an important prerequi-
site to ensure the application of LST products in various fields.
Due to the influence of LST retrieval algorithms, atmospheric
conditions, regional land cover types, topographic features, and
climate change, the retrieval accuracy of different LST products
varies in various regions [6].

Zhu et al. [1] summarized the index system and verification
methods for ground verification of LST and emissivity, and
analyzed the error sources of the verification process. Ma et al.
[7] reviewed and compared four kinds of validation methods, and
then some important issues in LST validation were discussed.
Based on previous research, the most commonly used methods
for LST accuracy assessment include the direct validation, cross-
validation, the radiance-based validation, and the time series
analysis.

The direct validation method compare the LST observed on
the ground with the LST derived from sensors by time-space-
angle matching. Cheng et al. [8] directly validated the FY-3D
MERSI-II LST product using ground truth data from Wuhai
experimental station and Surface Radiation Budget Network
(SURFRAD), and results showed that the root-mean-square
error (RMSE) of the LST retrieved by the split-window algo-
rithm was between 1.6 K and 2.6 K, and the LST retrieval
accuracy reached the expected target and had a high spatial
resolution, which provides a basis for further development of
LST retrieval algorithms and its applications in various research
fields. Malakar et al. [9] performed direct validation of Landsat
LST data with in situ observations from four SURFRAD sites
and two inland water bodies (Salt Lake and Lake Tahoe) in the
US, and results showed the usability of Landsat LST data for
long-term monitoring of temperature trends, land cover, and land
use change. Martin et al. [10] directly validated LST datasets
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obtained from several sensors, including Advanced Along-Track
Scanning Radiometer, Geostationary Operational Environmen-
tal Satellites, moderate-resolution Imaging spectroradiometer
(MODIS), and Spinning Enhanced Visible and Infrared Imager
(SEVIRI) by spatially and temporally matching with LST data
from global sites, results showed an average accuracy typically
within ±2.0 K at night and ±4.0 K during the day. The direct
validation method based on observed LST is simple and can
directly evaluate the accuracy of remotely sensed LST, but
the method requires the selection of a uniform subsurface for
single or multipoint observations and relies on the accuracy of
LST measurements as well as the ability to characterize surface
heterogeneity at the image scale.

Cross-validation is the comparison of the LST inversion re-
sults to be examined with other LST products that have been
validated with high accuracy. To test and quantify the tempera-
ture differences retrieved by different onboard sensors, a set of
overlapping images was acquired and used for cross-validation.
Preliminary statistical analysis showed a correlation between
sensors in the test area and consistency in the mean values.
Gao et al. [11] used the region of 31.671°N to 44.211°N and
10.739°W to 1.898°E as the study area, and performed cross-
validation of FY-3C Visible and Infrared Radiometer LST with
Terra/MODIS LST product. Silvestri et al. [12] cross-validated
Advanced Spaceborne Thermal Emission and Reflection Ra-
diometer data with Landsat 8 Thermal Infrared Sensor data in
the thermal anomaly region. Trigo et al. [13] cross-validated the
LST products from the SEVIRI image on the second generation
Meteosat geostationary satellite with high-resolution AVHRR
data for South America for the years 2015–2018. The average
difference between the SEVIRI LST products is mostly within
±1°C, which meets the high accuracy criteria. Compared with
the direct validation method, this method do not use ground truth
measurements and, thus, is not limited by terrain and subsurface,
but only the relative accuracy with respect to the reference LST
products can be obtained, and the spatio-temporal normalization
process between the data used for cross-validation will affect the
accuracy assessment results to some extent.

The radiance-based validation method gives the accuracy
of the land surface temperature (LST) product by comparing
the retrieved LST with the adjusted and optimized LST by
radiative transfer modeling. Given the atmospheric profile, the
land surface emissivity and LST, the difference between the
forward simulation radiance based on atmospheric radiative
transfer models such as MODTRAN and the image radiance at
the time of transit of the sensor is taken as the optimization target.
The optimal value of LST is iteratively determined to ensure the
minimum radiance difference by continually adjusting the LST
inputted into the radiative transfer model. This method has the
advantage of validating all-weather LST products, and avoids
the direct measurement of surface temperature on the ground,
which provides the possibility of evaluating the sensor retrieved
LST on heterogeneous regions where field measurement LST are
difficult to performed. So the radiance-based validation method
is suitable for large-scale validation on a global scale. However,
this method requires accurate land surface emissivity and the
atmospheric profile data, as well as the accurate radiative transfer

model, which might introduce additional errors in the validation
process.

The time series based validation method first constructs long
time series observations of relatively stable surface types (e.g.,
inland water bodies) [14] to obtain the background reference
value, then it analyzes the time series stability and accuracy
of the LST products according to the degree of their deviation
from the background reference value. This method cannot obtain
the absolute accuracy of the sensor retrieved LST, but it has
the ability to detect observational anomalies of the on-orbit
sensors due to factors such as cloud cover [15] or calibration
drift [14], and it can also recalibrate radiance of the on-orbit
thermal infrared sensors combined with field measurement data.

FY-4A satellite main load includes an advanced geostationary
radiometer, interferometric atmospheric vertical sounder, light-
ning imager, and space environment monitoring instruments,
which can monitor various meteorological elements, such as the
atmosphere, clouds, surface, ocean, and space environment in
real time. FY-4A AGRI scanning imaging radiometer has 14
channels, it can observe clouds, water vapor, vegetation, and
surface, and it also has the ability to capture aerosols and snow
and to clearly distinguish between different phases of clouds
and high- and mid-level water vapor. The National Satellite
Meteorological Center of China Meteorological Administration
has released the FY-4A AGRI L2-level LST product, which
has provided services for multiple fields, such as meteorology,
resources, agriculture, and forestry. However, there are relatively
few studies on how accurate the AGRI LST products are in differ-
ent regions and at different times, and further evaluation work
is needed. In this study, direct validation and cross-validation
methods were conducted to evaluate the accuracy of FY-4A
AGRI LST data by selecting the station-measured LST and the
MODIS LST data at synchronization time, which can provide a
reference role for the in-depth application of AGRI LST in more
fields.

II. DATA AND METHODS

A. Data

1) FY-4A ARGI Land Surface Temperature Products: FY-
4A geostationary meteorological satellite, a new generation of
Chinese geostationary orbiting meteorological satellites, was
successfully launched on December 11, 2016, from the Xichang
Satellite Launch Center by the Long March 3B rocket. From May
8, 2018, users in China and the Asia-Pacific region can officially
receive data from FY-4A. The imager acquires 40 full-disc cloud
maps and 165 Chinese regional cloud maps daily, with Chinese
regional observations ranging from 3°–55°N and 60°–137°E.

The real-time LST products provided by FY-4A AGRI in-
clude both Chinese regional/nominal and full-disc/nominal
products, which have been released to the public by the
Feng Yun Satellite Remote Sensing Data Network (https://
satellite.nsmc.org.cn/portalsite/default.aspx). The AGRI LST
is retrieved from two thermal infrared channels by using the
split-window algorithm. The coefficients of the split-window
algorithm are determined by the least squares simulation method
based on thermal infrared radiance simulated from the radiative

https://satellite.nsmc.org.cn/portalsite/default.aspx
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transfer model MODTRAN. In order to cross-validate with the
MODIS land surface temperature at the synchronous moment,
and considering the missing data in some angle files, a total of
38 sets of AGRI LST products at 11:00 A.M. and 22:00 P.M. of
Beijing Time for every 16 days from January 3 to December 21,
2021, have been selected for this study.

AGRI LST has a spatial resolution of 4 km in NetCDF format,
the longitude of the subsatellite point of 104.7°E. This study
also uses the FY-4A L1 GEO data, which is the 4 km posi-
tioning information obtained from the multichannel scanning
radiometer data after geolocation processing. The nominal satel-
lite zenith data (NOMSatelliteZenith), nominal satellite azimuth
data (NOMSatelliteAzimuth), nominal solar zenith data (NOM-
SunZenith), and nominal solar azimuth data (NOMSunAzimuth)
in the GEO dataset are also used. Due to the distorted images
cause difficulties in quantitative analysis and position alignment,
full-disk 4 km GEO data was used to construct a latitude and
longitude lookup table to reproject the disk data to equal latitude
and longitude projection, and then batch geometric correction
of the AGRI LST data were performed.

2) Land Surface Temperature Observation Data: Ground-
based observations are the basis for direct accuracy assessment
of LST products. Meteorological station observations are one
of the most commonly used data, which provide high-quality,
high temporal resolution of land surface temperature, air temper-
ature, visibility, radiation, humidity, and other meteorological
elements. Chinese national meteorological stations are located
in 12 temperature zones, 24 wet and dry zones, and 6 climate
zones [16], [17]. Stations are located in places that can better re-
spond to the characteristics of a larger range of local geographic
elements, shallow mountainous, and hilly areas. The station site
is selected in the top of a relatively flat mountain, the desert Gobi,
grasslands, and forested areas, and other single-geomorphic site
is generally located in response of the natural conditions of the
local subsurface with a good representation. Chinese meteo-
rological stations mainly use platinum resistance temperature
sensors to measure LST. According to the specification for
surface meteorological observations, when LST observations
are carried out, platinum resistance temperature sensors must
be placed horizontally on the surface of the ground, with the
temperature-sensing portion generally buried in the soil and the
other portions exposed to the air. The data are automatically
transmitted from each station to the National Meteorological
Information Center of China Meteorological Administration and
released to the public through appropriate channels.

In this study, the ground LST observations of 2454 stations
across China were selected to verify the FY-4A AGRI LST
accuracy. The temporal resolution of LST observation is 10 min.
The ground LST measured on January, April, July, and October
of 2021 with a quality control code of 0 (no data anomaly is
found through quality control, or the data are anomalous but the
data are finally confirmed to be correct) is chosen.

3) MODIS Data: The MODIS data included a total of 38 sets
of daily land surface temperature products (MOD11A1) imaged
at 11 A.M. and 22 P.M. of Beijing Time every 16 days from Jan-
uary 3 to December 21, 2021, the geolocation product (MOD03)
and the global land cover product of 2021 (MCD12Q1), with

spatial resolutions of 1 km, 1 km, and 500 m, respectively.
The LST_Day_1 km, LST_Night_1 km, QC_Day, QC_Night,
Day_view_time, Night_view_time data in the MOD11A1 LST
product dataset, and the Sensor Zenith, Sensor Azimuth, Solar
Zenith, Solar Azimuth data in the MOD03 dataset were used
in cross-validation. Due to the presence of clouds and other
interfering factors, the quality of every image element in the
MODIS product is not always reliable, so quality control files
are provided in the product describing the level of confidence.
When using MODIS LST to participate in cross-validation, LST
image with quality values of 0 and 1 in the LST quality control
file were selected (representing LST error less than 1 K and less
than 2 K, respectively).

Considering the completeness of the required data of satel-
lite observation angles and the synchronous solar angles,
MOD11A1 data used for LST cross-validation are located in
the region of 36°13′N-39°57′N, 101°49′E-106°29E, as illus-
trated in Fig. 1. According to the 17 land cover categories
defined by the IGBP Global Vegetation Classification Scheme,
the MCD12Q1 dataset of the experiment area contains twelve
land cover types, that are evergreen needleleaf forests, decid-
uous broadleaf forests, mixed forests (MF), open shrublands,
woody savannas (WSA), savannas, Grasslands (GRA), perma-
nent wetlands (WET), croplands (CRO), urban and built-up
lands (URB), barren sparse vegetation (BSV), and water bodies.
In the experiment region, the top three land cover types are BSV,
GRA, and CRO. MODIS data are raster data organized in a
tessellated manner, and the projection is a sinusoidal projection.
The coordinates need to be uniformly converted to the WGS84
coordinate system, and geometric correction was performed.
Since the spatial resolution of the MODIS daily LST product and
geolocation product is 1 km, the aggregated averaging method
was used to unify the spatial resolution of MODIS data to 4 km.

B. Direct Verification Method

In this article, ground temperature data are linearly interpo-
lated based on the satellite transit time to obtain measurements
corresponding to the imaging time, and the field stations located
on the AGRI image are found based on geometric matching by
using the geographical position of these two kinds of data. When
there is only one station observation data in the AGRI pixel [18],
the station LST is used as the contrast value to directly verify the
accuracy of the LST product. While if there are multiple stations
located within one AGRI pixel, the grid value of AGRI LST is
compared with the arithmetic mean value of these stations. Four
indicators, namely, the correlation coefficient, mean absolute
error (MAE), RMSE, and mean bias error (MBE) are used to
evaluate the AGRI LST accuracy.

C. Cross-Validation Method

For cross-validation, the differences between the two datasets
need to be considered, and the temporal, spatial, and angular
matching process of the two datasets need to be performed. The
cross-validation study was carried out by selecting a common
area, and the FY-4A AGRI LST have no missing values and
imaged within 5 min before and after the observation of the
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Fig. 1. Cross-validation experiment area and corresponding data. (a) Location of the experiment area. (b) MODIS LST at 22:00 on November 3, 2021. (c) DEM
distribution. (d) Land use types distribution.

MOD11A1 LST. Rasmussen et al. [19] investigated the differ-
ences in LST due to angle differences at a specific savanna site in
West Africa by building a geometric-optical model and extended
the results to areas with denser canopy cover. The results showed
that the effect of angle on LST is greater than 1 °C and varies
seasonally when two sensors are cross-validated for LST. To
reduce the effect of angle on LST cross-validation, the kernel
method (kernel model) proposed in [20] was used to correct the
angle influence on the FY-4A AGRI LST.

The main principles and processes of the angle correction
kernel model are briefly described as follows.

Statistical methods show that the dependence of LST on the
observation angle and solar angle can be expressed as

T (θv, θi,Δϕ)

T0
= 1 +AΦ(θv) +DΨ(θv, θi,Δϕ) (1)

where θv, θi, and Δϕ are the satellite zenith angle, the solar
zenith angle, and the sun-satellite relative azimuth angle, re-
spectively; T0 is the LST when the observed zenith angle is 0, A,
and D are coefficients estimated from the satellite observations;
Φ(θv) is the “emissivity kernel”; Ψ(θv, θi,Δϕ) is the “solar
kernel,” which can be calculated by

Φ (θv) = 1− cos (θv) (2)

Ψ (θv, θi,Δϕ)

= sin (θv) cos (θi) sin (θi) cos (θi − θv) cos (Δϕ) .
(3)

The emissivity kernel is only related to the variation in the
observed zenith angle. As complex land surface, the emissivity
kernel is based on the assumption that the surface emissivity
changes significantly from the subsurface point to a larger ob-
servational zenith angle (e.g., greater than 40°). Many features
have a small change in emissivity with the observed zenith angle,
and bare earth emissivity typically decreases with increasing
observed zenith angle. A decrease in emissivity with increasing
zenith angle will result in a larger LST retrieval error, with a
negative value of A in (1). The “solar core” simulates the effect
of shadows and sunlight irradiation on the different surface
nonuniform heating in the field of view of the sensor, which
is related to the observation angle and solar angle.

Because LST is usually observed for nonsubsurface points,
according to (1), LST relationship at two different observation
times and observation angles can be expressed as

T1

T2
=

1 +AΦ1 +DΨ1

1 +AΦ2 +DΨ2
. (4)
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Fig. 2. Scatterplot of ground-measured site temperature compared with FY-4A
LST. (a) Comparison scatterplot at 11:00 on January 19, 2021. (b) Comparison
scatterplot at 22:00 on January 19, 2021.

For the correction of the angle difference of LST observations,
synchronous, or quasi-synchronous data of nighttime observa-
tions can be selected. Because the nighttime moment Ψ = 0,
(4) can be converted to (5). Φ1 and Φ2 can be determined based
on (2) by using the zenith angles observed by both sensors,
and parameter A is then calculated from (5) by inputting the
nighttime LST Tn1 and Tn2 of each sensor

Tn1 − Tn2 = A (Φ1Tn2 − Φ2Tn1) . (5)

And then, parameter D can be calculated using (6) according
to the simultaneous LST data Td1 and Td2 observed by both
sensors

D =
Td1 − Td2 −A (Φ1Td2 − Φ2Td1)

(Ψ1Td2 −Ψ2Td1)
. (6)

Once the parameters A and D are determined, the angle-
corrected LST T can be obtained by (1). In the case of higher
observed zenith angles (e.g., greater than 50°), the thermal
infrared sensor retrieved LST has a large uncertainty, and these
observations should not be substituted into (5) and (6) for the
calculation of parameters A and D.

TABLE I
ACCURACY EVALUATION RESULTS OF THE DIRECT VERIFICATION METHOD

Furthermore, Fig. 2 gives a scatter plot between the ground
truth site temperature and the FY-4A AGRI LST for two in-
stances on January 19, it presents a more visual comparison and
can be used to analyze the relationship between two kinds of
data to verify the accuracy of the AGRI LST.

Finally, the accuracy of the cross-validation was evaluated
using the error evaluation indicators.

III. RESULTS AND ANALYSIS

A. Results of Direct Verification Method

To match the MODIS data dates in the cross-validation, the
ground truth data with the dates shown in Table I were selected
for direct validation of the AGRI LST for 16 instances in 2021.
According to Table I, the mean value of the correlation coef-
ficient between the ground measurement LST and the FY-4A
AGRI LST is 0.80, the MAE is 7.1 K, the RMSE is 8.39 K,
and the MBE is 6.04 K, which means the FY-4A AGRI LST
is underestimated by about 6 K on average. In terms of diurnal
distribution, the nighttime AGRI LST product is closer to the
site truth data, and the correlation between them is 0.85, and
the MAE and RMSE of the AGRI LST is 4.23 K and 5.58 K,
respectively.

Table II shows the comparison of land surface temperature
accuracy in different seasons, which indicates the FY-4A AGRI
LST products in winter are closest to the measured values at
the site, followed by autumn, and summer has the biggest MAE
and RMSE. In northern China, the vegetation cover is relatively
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TABLE II
COMPARISON OF ACCURACY IN DIFFERENT SEASONS

Fig. 3. Spatial distribution of cross-validation errors at 22:00 of Beijing Time
on January 19, 2021.

lower in autumn and winter due to the seasonal influence, so the
spatial heterogeneity of a certain area around the measured site is
smaller, and the spatial representativeness of the measured LST
at the site is better. Moreover, the cloud amount is usually smaller
in autumn and winter and it has fewer influence on satellite
imaging, so there are little missing data for AGRI LST products.

By analyzing the spatial distribution characteristics of FY-4A
AGRI LST products, in general, the satellite derived LST are
consistent with the station measured LST. The areas with better
AGRI LST accuracy are mostly concentrated in Hainan and
Guangxi of southern China, and in Xinjiang and Tibet of western
China, where have a relatively homogeneous land surface type,
corresponding to the spatial heterogeneity within the AGRI
pixels. The AGRI LST precision in Fujian, Zhejiang, and Jiangsu
of the east coast and in Sichuan, Chongqing, Guizhou, Hunan,
and Hubei of the central China are relatively poor, mainly due
to the combination influence of local heterogeneous surface
cover and atmospheric conditions such as frequently occurring
overcast and rain. It is found that the land surface covered with
lower vegetation is more prone to drastic temperature changes,
while the surface with high vegetation cover has larger heat
capacity and thermal inertia, and the warming process is more
slower. Cheng et al. [8] used the Wuhai experimental station to
validate the LST products of Fengyun satellite in southwestern
Inner Mongolia and found that the dry surface is more sensitive
to surface emissivity compared to the wet surface, and LST with
large errors are mainly distributed in sparse shrubland and bare
ground areas. Gao [21], similarly, evaluated microwave global

Fig. 4. Average values of parameters A and D for different land use types.

LST products from the Fengyun-3C satellite and summarized
similar conclusions, and LSTs were underestimated to a greater
extent for desert and sparse vegetation, depression, and sparse
scrub and to a lesser extent for woodlands such as deciduous
coniferous and evergreen broadleaf forests.

The reasons for the mean absolute error and RMSE are, on the
one hand, the low signal-to-noise ratio of the Fengyun satellite
data itself [22], which leads to its low LST retrieval accuracy,
and the accuracy is also affected by the uncertainty of the land
surface emissivity and atmospheric water vapor content. On
the other hand, because the spatial resolution of the satellite
data is 4 km, the actual measured value of the site is point
to point, the ground instrument observation scale is mostly a
single type of homogeneous surface, while the image metric
scale usually covers not less than one surface type, which brings
great uncertainty and error for the nonuniform subsurface. That
means the ideal ground temperature validation site should be
homogeneous ground with less spatial heterogeneity [23].

The spatial heterogeneity of LST is often more pronounced in
daytime than in nighttime due to the surface heterogeneity, the
warming effect of different components, and the temperature
difference between light and shadow components affected by
solar irradiation angle [24], [25]. It has been noted that LST
differences between different land cover types may reach 10 K
on a spatial scale of less than a few centimeters [26], while
LSTs in the same region can vary by more than 1 K within one
minute [27].

Considering the research can only collect field observation
LST data on January, April, July, and October, and need to
consider MODIS imaging time to perform cross-validation, only
16 moments of AGRI LSTs were selected to participate in the
direct validation. While these data are generally representative
of the daytime and nighttime conditions in different seasons, the
validation results might have some suspicious. If more station
observations were obtained, the accuracy of AGRI LST can be
further analyzed by the direct validation method to make the
conclusions more reliable.
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TABLE III
COMPARISON OF ACCURACY BEFORE AND AFTER ANGLE CORRECTION FOR

DIFFERENT DATE

Fig. 5. Scatter plot of FY-4A LST before and after angle correction and
MOD11A1 LST. (a) Comparison scatterplot at 11:00 on January 19. (b) Com-
parison scatterplot at 22:00 on January 19. (c) Comparison scatter plot at
11:00 on September 16. (d) Comparison scatter plot at 22:00 on September 16.
(e) Comparison scatterplot at 11:00 on December 21. (f) Comparison scatterplot
at 22:00 on December 21.

B. Results of Cross-Validation Method
The LST products after cloud masking and quality control

have some missing data due to clouds, fog, rain, snow, and other
weather disturbances, and the dates with missing value points
greater than 80% are not involved in the cross-validation process.
For RMSE and MAE reflect the same error trend and pattern
based on the result of direct validation, so RMSE was chosen to
carry out the subsequent analysis of the AGRI LST error.

The cross-validation results show that the average correla-
tion coefficient between the two LSTs is 0.64, the spatial and
temporal distribution trends are consistent, and the RMSE of the
AGRI LST is 5.45 K, which has reasonable accuracy. Compared
to the MOD11A1 LST product, the AGRI LST product appears
to be underestimated. The nighttime assessment is better than the
daytime assessment, especially in terms of the RMSE, with an
average RMSE of 7.10 K during the daytime and 4.00 K at night.
This is because there is less water vapor in the atmosphere and
no influence of solar irradiation, and the land surface behaves
almost uniformly at night. This is in agreement with the results
of Guillevic et al. [28].

Taking the cross-validation error at 22:00 of Beijing Time
on January 19, 2021 as an example, the spatial distribution of
LST difference between MODIS and AGRI is given in Fig. 3.
Based on Fig. 3, the maximum LST difference is 8.8 K, and
RMSE is 1.97 K. According to Figs. 1 and 3, it can be found
that AGRI LST has larger underestimation in BSV and CRO
covered regions, while AGRI LST is higher than MODIS LST
where are covered with GRA type. Moreover, AGRI LST is
overestimated at the southwest region with higher altitude. The
error distribution in Fig. 3 illustrates that land cover types and
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Fig. 6. Spatial distribution of FY-4A AGRI LST before and after angle correction, compared with MOD11A1 LST at 22:00 on November 3. (a) MOD11A1 LST.
(b) AGRI LST before angle correction. (c) AGRI LST after angle correction.

the topography have large effect on LST distribution and LST
retrieval algorithm from different sensors.

Remotely sensed LST is related to directionality [29], and
due to the high spatial heterogeneity of the surface, this di-
rectionality may lead to significant differences between LST
products obtained over the same area and observation time but
at different observation angles [30], [31]. When cross-validating
LST products derived by different sensors, the differences in
observation angles of various satellite sensors need to be taken
into account.

According to (1)–(6), the angle correction parameters A and
D were determined to correct the angle influence on AGRI LST.
Combined with the MCD12Q1 global land use type products
in the study area, Fig. 4 illustrates that the average parameters
A and D in the angle correction are influenced by the land use
types.

According to Fig. 4, the absolute value of parameter A
mostly tends to be 0. The maximum value appears in the MF,
the minimum value is in the BSV, GRA, WSA, and CRO are
closer. This may be related to the dependence of the emissivity
on the viewpoint, where a negative value of A is consistent with a
decrease in the emissivity with the viewpoint. For surfaces with
uniform bare ground, the emissivity decreases with increasing
zenith angle, but for other surfaces, such as grasslands, this
change is expected to be negligible. The parameter D is strongly
influenced by the tree cover on the land and is positively
correlated with it, with high values of D in areas with tall trees,
with maximum values occurring in broadleaf forest areas and
low values in water and bare ground areas. Similar conclusion
was reached in [20] when cross-validating MODIS and SEVIRI
LST products in Mediterranean Europe and North Africa.

The cross-validation results between the research selected
FY-4A AGRI LST before and after angle correction and the
MOD11A1 LST product are shown in Table III.

According to Table III, the differences between AGRI LST
and MODIS LST decrease for all dates, the average correlation
coefficient increased to 0.90 after angle correction, and the
RMSE decreased to 2.12 K. The maximum and minimum RMSE
after angle correction is 6.47 K and 0.29 K, respectively. The

TABLE IV
COMPARISON OF ANGLE CORRECTION EFFECTS IN DIFFERENT SEASONS

average correlation coefficient before and after angle correction
at daytime increased from 0.66 to 0.92, and the RMSE decreased
from 6.99 K to 1.87 K, while the average RMSE at night only de-
creased by 1.32 K. This is due to the fact that during the daytime,
the directionality of the solar irradiation with various solar zenith
and azimuth angles results in a mix of shaded and illuminated
surfaces that imaged by AGRI sensor at different observation
angles, whereas at night there are no solar irradiation.

The cross-validation results before and after the angle correc-
tion for different seasons are tabulated in Table IV. According to
Table IV, there are some differences in the angle correction effect
in different seasons. The largest RMSE after angle correction
decreases by 4.06 K in Spring, followed by 3.83 K, 3.03 K, and
2.44 K in summer, autumn, and winter, respectively.

Taking some random moments as the example, Fig. 5 shows
the cross-validation scatter plots of the FY-4A AGRI LST before
and after angle correction with the MOD11A1 LST. From Fig. 5,
the correlation coefficients increase and RMSEs decrease a lot
for all data.

Moreover, the spatial distributions of FY-4A AGRI LST be-
fore and after angle correction compared with MOD11A1 LST
at 22:00 on November 3, 2021 are illustrated in Fig. 6. Before
angle correction, there is large difference between AGRI LST
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[see Fig. 6(b)] and MODIS LST [see Fig. 6(a)], especially at
regions with the land use type of BSV. Compared Fig. 6(a)
with Fig. 6(c), the LST spatial distribution characteristics of
these two LSTs are more consistent after angle correction. The
maximum, minimum, mean, and standard deviation of the LST
before AGRI angle correction are 276.39 K, 262.73 K, 271.90 K,
and 2.61 K, respectively, while the values change to 283.02 K,
249.83 K, 273.28 K, and 3.21 K after correction, which are closer
to the MODIS LST image statistics of 279.78 K, 256.00 K,
272.78 K, and 3.07 K. LST in the area with sparse vegetation
cover and large topographic relief had a larger error due to the
angle difference between two sensors.

IV. CONCLUSION

In this article, the direct validation method and the cross-
validation method were used to carry out accuracy assessment
on ARGI LST products to evaluate the accuracy and the usability
of LST products in different regions, seasons, and land use types.
Based on the processing of spatio-temporal normalization, the
angle correction model is applied to the ARGI LST products to
improve the reliability of the ARGI LST product evaluation.

The accuracy of the FY-4A AGRI LST products is high.
Through the time series analysis of the ARGI LST products
compared with field measurement LST, it is found that they can
reflect the LST trends more accurately in terms of daily and
seasonal changes. The spatial distribution analysis of the ARGI
LST products revealed that the accuracy was lower in areas with
small vegetation cover, while the LST underestimation of was
smaller in areas with higher vegetation cover, such as deciduous
coniferous forests, evergreen broad-leaved forests, and other
woodlands.

Using the more mature MOD11A1 daily LST product cross-
validated with the FY-4A AGRI LST product, the validation
results show that the correlation between the two datasets is high
and that the error produced by the algorithm is within acceptable
limits. The angle correction model was then applied to the AGRI
LST product, and the results indicate that the average correlation
between the corrected MOD11A1 product and the ARGI LST
product improved from 0.64 to 0.90, and the RMSE decreased
from 5.45 K to 2.21 K. The angle effect on LST of the two
sensors was well reduced, and the accuracy and reliability of the
ARGI LST product was improved.

There are still some shortcomings in the accuracy assessment
of the FY-4A AGRI LST products that need to be further ad-
dressed. The direct validation method compares point-by-point
filed measurement with satellite grid LST corresponding to
multiple land use types, the errors caused by station represen-
tativeness and subsurface heterogeneity still need to be further
investigated. In addition, the cross-validation can also be verified
by comparison with other internationally recognized satellite
LST products with high quality.
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