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Radiometric Cross-Calibration of GF-4/IRS
Based on MODIS Measurements
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Abstract—GaoFen-4 (GF-4) infrared spectrum (IRS) camera has
a special spectral band located in the mid-wave infrared spectrum
with the wavelength ranging from 3.50 to 4.10 µm. It is very
important for forest fire-detection and other quantitative remote
sensing applications at a high spatial resolution of 400 m. Due to the
similarity of the spectral characteristics, the thermal emissive band
20 (3.660–3.840µm) and 22 (3.929–3.989µm) of medium resolution
imaging spectrometer (MODIS) are taken as the reference bands
for the radiometric cross-calibration of the GF-4/IRS camera. The
time difference between selected GF-4/IRS and MODIS images at
the Qinghai Lake and Se lincuo Lake test sites is less than one
hour. After spatial matching, single-band and dual-band spectral
matching methods are proposed in this article. Then, the DN value
of GF-4 image is linearly fitted to the radiance of the corresponding
MODIS image to obtain the radiometric calibration coefficients
of GF-4/IRS camera. The validation results show that the cross-
calibration coefficients calculated by integrating the measurement
of two MODIS bands with the mean value spectral matching
approach has the highest radiometric calibration consistency with
the official calibration coefficients.

Index Terms—Dual-band method, GaoFen-4 (GF-4), infrared
spectrum (IRS), medium resolution imaging spectrometer
(MODIS), radiometric cross-calibration.

I. INTRODUCTION

GAOFEN-4 (GF-4) is the only geostationary remote sens-
ing satellite in China’s high-resolution Earth Observation

System, which was successfully launched on December 29, 2015
[1]. The payloads of GF-4 include both a panchromatic and mul-
tispectral (PMS) camera with the spatial resolution of 50 m and
an Infrared spectrum (IRS) camera with the spatial resolution of
400 m [2]. Since GF-4 operates in a geosynchronous orbit, it can
measure the Earth surface with a higher temporal resolution than
a sun-synchronous orbit satellite. The width of each GF-4 image
can be up to 400 km [3]. Due to its high spatial and temporal
resolution and wide image coverage, GF-4 images are widely
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used in many application fields, such as disaster reduction and
relief, ecological environment monitoring, target tracking and
so on. GF-4/IRS is a camera with a special band located in the
mid-wave infrared spectrum, originally designed for forest fire
monitoring. The wavelength of this special band is from 3.50 to
4.10 µm with the center wavelength of 3.80 µm [3].

Radiometric characterization of remote sensor will change
with the time it travels in space. Therefore, timely on-orbit
radiometric calibration of sensors is very important to ensure
the accuracy of quantitative remote sensing applications. At
this stage, three typical methods are usually used for on-orbit
radiometric calibration of satellite sensors, such as site calibra-
tion, on-board calibrator and cross-calibration method. How-
ever, since no on-board calibrator was designed and installed,
the radiometric calibration of the PMS and IRS cameras of the
GF-4 satellite was performed only once per year through the
site calibration method, because this is a time-consuming and
laborious task and is extremely vulnerable to weather. Due to
limited calibration frequency, it is difficult to eliminate random
errors and to track the radiometric stability of GF-4/IRS sensor.
Thus, we can achieve more frequent radiometric calibration
coefficients of GF-4/IRS through cross-calibration and track the
radiometric consistency in its mission lifetime.

Cross-calibration is an alternative way to acquire the radio-
metric coefficient of the remote sensor. It uses a well-calibrated
sensor as a reference and compares the radiometric response
of two sensors over the same target within a small imaging
time difference. Teillet et al. used the Landsat-5 and SPOT
HRV images acquired on the same day to scale NOAA-9 and
NOAA-10 AVHRR based on the White Sand Test Site in New
Mexico, USA [4]. Calibration coefficients of three remote sen-
sors, AVHRR, SeaWiFS and Vegetation, were obtained with
time series cross-calibration by taking POLDER as the reference
and choosing North Africa and Saudi Arabia as research areas
[5]. Chander et al. analyzed SCIAMACHY hyperspectral data
using Envisat satellite. At the same time, he also used EO-1
satellite Hyperion hyperspectral data to obtain spectral band ad-
justment factor, and found that the former can improve cross cal-
ibration accuracy better than the latter [6]. Thome et al. selected
ETM+ as a reference remote sensor to cross-calibrate Hyperion,
Terra/ medium resolution imaging spectrometer (MODIS), and
IKONOS based on the Railroad test site [7]. Moeller compared
the simulated MODIS radiances with the MODIS observations,
results of which show that Aqua MODIS TIR bands are per-
forming well. The residuals (MAS—MODIS) in most bands
are within or very close to the specifications. The residuals of
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split window (band 11 and 12 µm) are small and very close to
one another (at −0.15 °C and −0.13 °C, respectively) [8]. Based
on this research, Xie et al. proposed that the near-simultaneous
observations from MODIS and atmospheric infrared sounder
(AIRS) sensors on-board the Aqua spacecraft provide a good
opportunity to track the relative calibration stability of both
sensors over their entire mission. The trend results show that the
brightness temperature difference of all the MODIS bands that
can be calculated has a change of less than 0.3 K in 6 years, and is
slightly larger at large scan angles than those near nadir [9]. Wu
et al. research compared the calibration differences between the
Aqua MODIS and NOAA-18 AVHRR bands centered at 11.0
and 12.0 µm using simultaneous nadir overpass observations
obtained in nearly parallel orbits. Results indicated an excellent
calibration consistency between MODIS and AVHRR for both
bands [10].

Before the launch of GF-4, only Huanjing-1B (HJ-1B) in
HJ satellite constellation in China terrestrial observation system
has a thermal infrared band whose center wavelength of about
11 µm. Liu et al. used AIRS hyperspectral measurements to
perform multi-point cross-calibration and verification of HJ-1B
thermal infrared channel. By eliminating the abnormal points
in the time series, using multipoint method and adjusting the
matching factors in the uniform target multipoint method, the
calibration results obtained by the experiment are accurate and
credible [11]. Yang et al. used MODIS to calibrate the thermal
infrared channel of HJ-1B, compared and analyzed observation
angles and imaging time difference to obtain higher calibration
accuracy [12]. On the basis of the calibration of the thermal
infrared radiometer CE312, Liu et al. used CE312 to perform
on-orbit radiometric calibration of the thermal infrared channel
onboard HJ-1B satellite. The experimental results showed that
the accuracy of the calibration coefficient obtained by the two-
point method is higher than that of the single point method [13].
However, this satellite no longer provides observation service.
Therefore, GF-4/ IRS is the only on-orbit sensor with mid-wave
infrared band for terrestrial observation. To our best knowl-
edge, there are few researches on cross-radiation calibration of
GF-4/IRS sensor.

In this article, MODIS, a multiband remote sensor with high
radiometric calibration accuracy, is selected as the reference
sensor to cross-calibrate the GF-4/IRS sensor. In order to ob-
tain calibration coefficients with high precision, five spectral
matching methods with single-band or dual-band measurement
are proposed, and the radiometric discrepancy caused by spectral
differences between two sensors is fully considered. Compara-
tive analysis of the calibration results derived from five methods
confirmed that the calibration coefficients obtained by the dual-
band method with the mean value approach are more accurate
and reliable.

The organization of this article is as follows: reference sensor,
the test sites and datasets are described in Section II. Section III
introduces the basic principle of cross-calibration, and detailed
spatial and spectral matching methods. Results of radiometric
calibration are illustrated in Section IV. Finally, Section V
concludes the article.

II. REFERENCE SENSOR, TEST SITES, AND DATASETS

Before the calculation of calibration coefficients, the basic
preprocessing process must be performed first, including three
important steps.

1) Step 1: Choose a reference sensor which is suitable for
cross-calibrating GF-4/IRS.

2) Step 2: Looking for an ideal place as our test site.
3) Step 3: Search for simultaneous images over test site for

both sensors.

A. Selection of Reference Sensor

According to the theory of cross-calibration, we select
MODIS as the reference sensor to calibrate the GF-4/IRS be-
cause the radiometric calibration accuracy of MODIS is quite
outstanding and frequently used as reference sensor. MODIS
can update the calibration coefficients every two months by
using various calibration techniques such as on-board calibration
and cross-calibration techniques. In the emergency situation,
the higher frequency can be realized to ensure the quality and
stability of the remote sensing measurements. The radiometric
resolution is up to 12 bits, and the radiometric calibration error
in the thermal infrared band is controlled within 1 K, and the
optimal is 0.5 K [9]. Zhang et al. used the MODIS satellite
observation to evaluate and analyze the accuracy of the radio-
metric calibration method for the thermal infrared channel of
the Chinese remote sensing satellite. The results showed that
the calibration accuracy of the hot infrared window channel is
better than 1.0 K [14].

MODIS is a key instrument designed for the study of atmo-
sphere, land, ocean, etc., [15]. Two MODIS sensors are operating
onboard both Terra and Aqua spacecrafts, respectively, and are
circling around the Earth in a polar sun-synchronous orbit at
the height of 705 km. Since Terra and Aqua are near-polar
sun-synchronous orbit satellites, the former transits at 11:30 a.m.
local time for observation, and the latter transits at 1:30 p.m. local
time. MODIS is a cross-track scanning radiometer with a two-
side scan mirror which rotates within a scan angle range of±55°
for Earth observations, corresponding to a 2330 km-wide-swath
at the surface. Therefore, by integrating measurements from
two MODIS sensors with different local transit times, we can
double the chance of obtaining the simultaneous measurement
pairs. MODIS has 36 spectral bands, including 20 reflective
solar bands and 16 thermal emissive bands, to conduct the Earth
observations within the spectral range from 0.4 to 14.2 µm.
Band 20 (3.75 µm) and 22 (3.97 µm) are two bands whose
wavelength ranges are very close to GF-4/IRS. Moreover, the
spatial resolution of MODIS thermal infrared band is 1000 m and
that of GF-4/IRS is 400 m, which is suitable for spatial match.
Therefore, we select MODIS as reference sensor for calibrating
GF-4/IRS.

B. Test Site

For the selection of GF-4 and MODIS measurements, two
following conditions must be met. First, both GF-4/IRS and
MODIS observe the same test site. Second, considering that the
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Fig. 1. RGB true color images of GF-4/PMS over Qinghai Lake (left) and Se
Lincuo Lake (right).

TABLE I
DETAILED INFORMATION OF THREE IMAGE PAIRS

atmospheric conditions will not change too much to affect the
radiometric response, the transit time between the two sensors
is usually less than 1 h [16]. In our research, we chose Qinghai
Lake and Se Lincuo Lake as the radiometric calibration area
because the water body has a larger specific heat capacity and
will not change significantly in a short period of time. The red,
green, and blue (RGB) true color images of GF-4/PMS over
Qinghai Lake and Se Lincuo Lake are shown in Fig. 1.

C. Datasets Selection

The images we used in this article were taken over Qinghai
Lake on May 10, 2016 and over Se Lincuo Lake on May 11 and
14, 2016. Three image pairs are uncontaminated by either cloud
clusters or snow. The difference in transit time of these image
pairs is less than one hour, which meets the cross-calibration
requirements. The detailed information of three image pairs is
given in Table I. Meanwhile, the number of valid calibration
points extracted from the corresponding image pairs with our
spatial matching method is also given in Table I.

III. METHODOLOGY

A. Principle of Cross-Calibration of GF-4/IRS With MODIS

Principle of cross-sensor radiometric calibration is to cal-
culate the calibration coefficient of an uncalibrated sensor by
comparing simultaneous measurements with those from a well-
calibrated sensor. That is, a relationship is established between
the outputs of the two sensors to obtain calibration coefficients.
In the process of our cross-calibration method, spatial match and
spectral match are two critical steps to decide the accuracy of
calibration coefficients. The flowchart of the cross-calibration
process is drawn in Fig. 2.

B. Spatial Match

In order to achieve a good correlation between GF-4/IRS and
MODIS, spatial match between image pairs should be prepro-
cessed. The initial spatial resolution of the GF-4 thermal infrared

Fig. 2. Flowchart of the cross-calibration process.

Fig. 3. Spectral response function of GF-4/IRS and MODIS band 20 and 22.

band is 400 m, while the spatial resolution of the reference
remote sensor MODIS is 1000 m. The spatial resolution needs
to be unified to perform comparison. The spatial scale of GF-4
thermal infrared image, therefore, is converted to 1000 m by
cubic convolution to match the MODIS image [17].

Then, the sliding windows (5× 5pixels) are selected to extract
the calibration points from the resampled GF-4/IRS image and
MODIS image. Since the valid calibration points should be
the homogeneous surface, the coefficients of variation (CV)
(the radio of standard deviation and mean reflectance) of the
sliding windows on image pairs are both lower than 3% in the
article [18].

C. Spectral Match

Due to the spectral characteristics (e.g., the central wavelength
(CW), bandwidth, and spectral response function] of the refer-
ence remote sensor and the to-be-calibrated remote sensor are
generally different, spectral match must be carried out before
calculating the calibration coefficients. In other words, it is nec-
essary to eliminate the radiometric calibration error caused by
the inconsistent spectral characteristics between corresponding
bands. Spectral response function of GF-4/IRS and MODIS
band 20 and 22 are plotted in Fig. 3. The x-axis represents the
wavelength with the unit micrometer, and y-axis represents the
relative spectral response which is unitless with the value range
from 0 to 1. It is clearly shown that spectral response function is
quite different between GF-4/IRS and a single band 20 or band
22. GF-4/IRS is a wide wavelength range band which covers
the spectral range of both MODIS band 20 and 22, two narrow
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TABLE II
SPECTRAL CHARACTERISTICS OF GF-4/IRS AND MODIS BAND 20 AND 22

wavelength range bands. The detailed spectral characteristics of
GF-4/IRS and MODIS band 20 and band 22 are given in Table II.

So far, the commonly used spectral methods for cross-
calibration are ray matching method [19]–[21] and radiation
transfer model method [22], [23]. The radiation transmission
model method fully considers the radiometric difference be-
tween two sensors at various conditions, and can obtain a more
accurate calibration coefficient. However, the radiation transfer
model method requires more atmospheric parameters and in
situ real-time measured data. The basis of the ray matching
method is the single-band method, i.e., matching measurement
of one un-calibrated band to that of another well-calibrated band.
The advantage of the single-band method is that the calibration
process is simple and calibration coefficient obtained is rela-
tively reliable, especially for long-term time series. However,
the single-band method does not take into account the spectral
difference between two sensors, so that the calibration accuracy
is not as good as radiation transfer model method.

In this article, based on the single-band method, we proposed
the dual-band method to take the spectral difference between
two sensors into account. In the dual-band method, we use three
different approaches to calculate the weighting factor according
to spectral response function.

1) Single-Band Method: The theory of single-band method
is to calibrate the GF-4/IRS with one single MODIS band by
ignoring spectral characteristic difference between bands. After
spatial match, the valid calibration points are extracted from
image pairs. Then the calibration coefficients are calculated by
a linear fitting between GF-4/IRS DN and MODIS apparent
radiance by using

Li
MOD = a×DNIRS + b (1)

where DNIRS is the DN of GF-4/IRS at the test site. a and b
are two critical coefficient parameters, i.e., gain and offset, to be
obtained for GF-4/IRS. Li

MOD is apparent radiance of MODIS
band 20 or band 22, and can be calculated by

Li
MOD = gaini × (

DNi
MOD − offseti

)
(2)

where DNi
MOD and Li

MOD represents digital number and ap-
parent radiance of MODIS band i, respectively, while gaini
and offseti are well-calibrated coefficient parameters of MODIS
band i, and can be abstracted from MODIS science data set.

2) Dual-Band Method: Since the wavelength ranges of both
MODIS band 20 and 22 are located within spectrum range of GF-
4/IRS, the dual-band method is proposed to calibrate GF-4/IRS
by treating two MODIS bands as reference band jointly. The
difference between the single-band method and the dual-band
method is that LMOD is the measurement combination of band

20 and band 22, which is calculated by (3).

LMOD = C1 × LB20
MOD + C2 × LB22

MOD (3)

where LB20
MOD and LB22

MOD represent the apparent radiance of
MODIS in band 20 and band 22 and are calculated by (2), respec-
tively. C1 and C2 are the weight factors for two MODIS bands
used in the dual-band method. For analysis purpose, we applied
three approaches to compute weight factors for spectral match,
including mean value approach, intersection value approach, and
CW distance approach.

a) Mean Value Approach: The mean value approach is the
simplest way to combine measurements of MODIS in band 20
and in band 22, by assuming two bands has the same contribution
in final MODIS apparent radiance. Thus, the weigh factors C1
and C2 are both set to 0.5, and (3) is transformed to the following
expression

LMOD = 0.5× LB20
MOD + 0.5× LB22

MOD. (4)

b) Intersection Value Approach: Because the spectral re-
sponse function of MODIS band 20 and 22 are not identical
and allocated equally in two sides within GF-4/IRS spectrum
segment, the calibration coefficients accuracy may increase if
we treat two weight factors C1 and C2 unequally. From the
spectral response function diagram, it is clear that the CW
of MODIS band 20 and band 22 intersect with the spectral
response function of GF-4/IRS at the intersection points. If we
use qB20 and qB22 to stand for two corresponding values in
y-axis, two weight factors C1 and C2 are calculated by formulas
C1 = qB20/(qB20 + qB22) and C2 = qB22/(qB20 + qB22),
respectively. Finally, qB20 and qB22 are equal to 0.4771 and
0.5229, respectively.

c) CW Distance Approach: From the Table II, the CW of
MODIS band 20 is closer to the CW of GF-4/IRS than that
of MODIS band 22. If the response combination of MODIS
band 20 and band 22 is used to replace GF-4/IRS response,
the response contribution from band 20 may larger than that
of band 22.Therefore, the center wavelength distance approach
is applied to calculate the weight factors by formulas C1 =
d2/(d1 + d2) and C2 = d1/(d1 + d2) where d1 and d2 are the
absolute values of the CW difference between reference bands
and GF-4/IRS, with the value of 0.9372 and 0.0628, respectively.

IV. RESULT ANALYSIS AND DISCUSSION

A. Cross-Calibration Results

After spatial match, the spatial resolutions of image pairs are
all scaled to 1000 m. According to the linear fitting method,
all of the matching points extracted from three image pairs
given in Table I are put together to obtain the cross-calibration
coefficients with five schemes including single-band method
using MODIS band 20, single-band method using MODIS band
22, dual-band method with the mean value approach, dual-band
method with the intersection value approach, and dual-band
method with the CW distance approach. The detailed results
with five schemes are plotted in Fig. 4. The cross-calibration
results of the article and the official calibration coefficients are
given in Table III.
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Fig. 4. Linear fitting results using five schemes. (a) Single-band method using
MODIS band 20. (b) Single-band method using MODIS band 22. (c) Dual-band
method with the mean value approach.

TABLE III
CROSS-CALIBRATION RESULTS USING FIVE SCHEMES AND THE OFFICIAL

CALIBRATION COEFFICIENTS OF GF-4/IRS SENSOR

Fig. 4. (Continued.) Linear fitting results using five schemes. (d) Dual-band
method with the inter-section value approach. (e) Dual-band method with the
CW distance approach.

B. Validation With the Official Calibration Coefficients

The official calibration coefficients, published in 2016 by the
China centre for resources satellite data and application, with
the site calibration method at Qinghai Lake are treated as the
reference information, which has a sufficiently high accuracy to
validate the cross-calibration result [16], [18], [24], [25].

Since the calibration coefficients are consist of gain and offset,
the apparent radiance is treated as the investigated targets. Thus,
the next step is to extract the valid validation points. In our valida-
tion process, integrating the negative offset of cross-calibration
results and the official calibration coefficients, the DN range
of typical surface features and the possible nonlinear response
effects of GF-4/IRS sensor, the homogeneous surfaces satisfying
the following two restrictive conditions are treated as the valid
validation points. The CV of the sliding window (5 × 5pixels)
in the original GF-4/IRS image is calculated. If the CV is lower
than 3%, the corresponding homogeneous surface is treated as
the candidate validation points. The range of the average DN
value of the sliding window is from 820 to 3500.

According to the above filter condition, the valid validation
points are extracted from five images to validate the calibration
accuracy. The relative errors of the apparent radiance calculated
with our cross-calibration results and the official calibration
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TABLE IV
INFORMATION OF VALIDATION IMAGES AND THE STATISTICAL RESULTS

coefficients respectively are obtained. The relative error is de-
fined as the value of “the apparent radiance calculated with
the cross-calibration results / the apparent radiance calculated
with the official calibration coefficients – 1.” The information
of validation images and the statistical results including the mean
error and standard deviation are given in Table IV. Fig. 5 shows
the corresponding relative error distribution.

According to Fig. 5 and Table IV, it can be found that the
mean values of the scheme (c) in the five validation images are
the minimum, approximately 3.668% and that of the scheme (b)
in the five validation images are the maximum, approximately
15.042%. Meanwhile, the standard deviation of the scheme (c)
in the five validation images are the minimum, approximately
0.0336, and that of the scheme (b) are the maximum, approxi-
mately 0.1374. The smaller mean value and standard deviation
mean the cross-calibration results are higher radiometric cali-
bration consistency with the official calibration coefficients. So,
it can be concluded that the scheme (c) is the more suitable for
the cross-calibration of GF-4/IRS sensor.

C. Stability of the Cross-Calibration Method

In the above cross-calibration process, all of the calibration
points extracted from three image pairs are used to get the
cross-calibration results given in Table III. In this part, we will
discuss the stability of the proposed dual-band cross-calibration
method with the mean value approach. Thus, each group of the
calibration points extracted from single image pairs given in

Fig. 5. Relative errors distribution based on five schemes in (a) Hai nan, (b)
Tai Lake, (c) Ordos, (d) Bohai Sea, and (e) Korea Strait.

Table I is used to get the cross-calibration results given in Table V
with the proposed dual-band cross-calibration method with the
mean value approach. The relative errors of gain and that of offset
between the cross-calibration results and the official calibration
coefficients are also given in Table V. The relative error of
gain is defined as the value of “the gain of the cross-calibration
results / the gain of the official calibration coefficients – 1.” The
relative error of offset is defined as the value of “the offset of
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TABLE V
STABILITY ANALYSIS RESULTS OF THE PROPOSED DUAL-BAND

CROSS-CALIBRATION METHOD WITH THE MEAN VALUE APPROACH

TABLE VI
VALIDATION RESULTS USING THE NEW DN OF GF-4/IRS IMAGE

the cross-calibration results / the offset of the official calibration
coefficients – 1.” Table V gives that the relative error of gain
is lower than 5.601% and the relative error of offset is lower
than 5.634%. It indicates that the proposed dual-band cross-
calibration method with the mean value approach has a high
stability, which can provide a suitable cross-calibration method
for GF-4/IRS to implement the time-series cross-calibration of
GF-4/IRS and detect radiometric degradation throughout the
whole period of operation.

D. Influence of Geometric Matching Errors on the
Cross-Calibration Results

In our cross-calibration process, it is very important to ac-
curately extract the information of calibration points including
DNs of GF-4/IRS images and the corresponding radiance of
MODIS images based on the geometric position. However, the
geometric matching errors of calibration image pairs will affect
the cross-calibration accuracy. Therefore, the shifted sliding-
window method is used [26]. The sliding window (5 × 5pix-
els) of the resampled GF-4/IRS image is shifted by one pixel
(1000 m) to extract the new DN of GF-4/IRS image. Then
the original apparent radiance of MODIS images and the new
DNs of GF-4/IRS images over the calibration points are used
to recalculate the new cross-calibration results with the pro-
posed dual-band cross-calibration method with the mean value
approach. The same validation images given in Table IV are used
to validate the cross-calibration accuracy. The validation results
using the new DN of GF-4/IRS image are given in Table VI.
Compared with Table IV, it is found that the mean error is slightly
reduced from 3.668% to 3.550%, but the standard deviation
is slightly increased from 0.0336 to 0.0498, which illustrates
the geometric matching errors of the calibration image pairs
have very little impact on the cross-calibration accuracy in the
article.

V. CONCLUSION

GF-4 satellite operates in a geostationary orbit, observing
the Earth with very high temporal resolution. Both PMS and
IRS cameras are calibrated with site calibration method once
per year at this stage, and may be affected by unexpected

change. Therefore, we selected MODIS as the reference sensor
to perform cross-sensor radiometric calibration of GF-4/IRS
because MODIS has the outstanding radiometric calibration
accuracy. Since the spectral response function of MODIS band
20 and 22 are both located within the spectral response range of
GF-4/IRS, the single-band method and the dual-band method
are proposed to compensate the relative spectral responses
differences in this article. Then, the results from three sets of
data imaging over Qinghai Lake and Se Lincuo Lake test site
are obtained and analyzed.

With the statistical analysis, spectral matching using the
dual-band method with the mean value approach by integrating
measurements of two MODIS bands has a good correlation and
can provide the highest radiometric calibration consistency with
the official calibration coefficients than other spectral matching
methods. The mean value of the apparent radiance difference
when using the dual-band method with the mean value approach
to obtain the cross-calibration results is approximately 3.668%.
Meanwhile, the proposed dual-band cross-calibration method
with the mean value approach can obtain the stable cross-
calibration results. Additionally, the analysis results indicate
the geometric matching errors between GF-4/IRS and MODIS
image pairs have very little impact on the cross-calibration
accuracy in the article.

In the future, we will implement long time-series of cross-
calibration of GF-4/IRS based on MODIS measurements and
discuss the radiometric attenuation of GF-4/IRS sensor during
the entire period of operation.
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