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Abstract: The Global Space-based Inter-Calibration System (GSICS) is an international partnership sponsored
by World Meteorological Organization (WMO) to continue and improve climate monitoring and to ensure
consistent accuracy between observation data from meteorological satellites operating around the world. The
objective for GSICS is to inter-calibration from pairs of satellites observations, which includes direct comparison
of collocated Geostationary Earth Orbit (GEO)-Low Earth Orbit (LEO) observations. One of the GSICS inter-
calibration methods, the Ray-matching technique, is a surrogate approach that uses matched, co-angled and co-
located pixels to transfer the calibration from a well calibrated satellite sensor to another sensor. In Korea, the
first GEO satellite, Communication Ocean and Meteorological Satellite (COMS), is used to participate in the
GSICS program. The National Meteorological Satellite Center (NMSC), which operated COMS/MI, calculated
the Radiative Transfer Model (RTM)-based GSICS coefficient coefficients. The L1P reproduced through GSICS
correction coefficient showed lower RMSE and Bias than L1B without GSICS correction coefficient applied.
The calculation cycles of the GSICS correction coefficients for COMS/MI visible channel are provided annual
and diurnal (2, 5, 10, 14-day), but long-term evaluation according to these cycles was not performed. The purpose
of this paper is to perform evaluation depending on the annual/diurnal cycles of COMS/MI GSICS correction
coefficients based on the ray-matching technique using Suomi-NPP/Visible Infrared Imaging Radiometer Suite
(VIIRS) data as reference data. As a result of evaluation, the diurnal cycle had a higher coincidence rate with the
reference data than the annual cycle, and the 14-day diurnal cycle was the most suitable for use as the GSICS
correction coefficient.
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1. Introduction

The Global Space-based Inter-Calibration System
(GSICS) is an international partnership sponsored 
by World Meteorological Organization (WMO) to
continue and improve climate monitoring and to ensure
consistent accuracy between observation data from
meteorological satellites operating around the world
(Goldberg et al., 2011). This is achieved through
monitoring instrument performances, operational inter-
calibration of satellite instrument, and contains direct
comparison collocated observations between satellite
instruments, and observations are consistently used to
compare, reference, and correct the tendencies of
monitored observation instruments (Hewison et al.,
2013). The objective for GSICS is to inter-calibration
from pairs of satellites observations, which includes
direct comparison of collocated Geostationary Earth
Orbit (GEO)-Low Earth Orbit (LEO) observations. For
GSICS in the visible wavelength range, Aqua/Moderate
Resolution Imaging Spectroradiometer (MODIS) was
used as the calibration reference data and an inter-
calibration algorithm was performed. However, due to
the long operating period of Aqua/MODIS over 14
years, the need for sensors with similar calibration
functions and stable performance to MODIS has
increased. The Suomi-NPP/Visible Infrared Imaging
Radiometer Suite (VIIRS) is a sensor with spectroscopic
characteristics similar to MODIS. In other words,
VIIRS is an ideal instrument to replace MODIS as 
a GSICS reference sensor after MODIS (Xiong et 
al., 2016). Doelling Dave (2018) also recommended 
S-NPP/VIIRS as a GSICS reference sensor in the
visible wavelength range instead of MODIS. The
GSICS inter-calibration has diverse methods with the
same principle. One of the GSICS inter-calibration
methods, the Ray-matching technique, is a surrogate
approach that uses matched, co-angled and co-located
pixels to transfer the calibration from a well calibrated
satellite sensor to another sensor (Doelling et al., 2011).

The National Aeronautics and Space Administration
(NASA) Langley Research Center calibrated the GEO
satellite using this technique as a reference for the
Aqua/Moderate Resolution Imaging Spectroradiometer
(MODIS) data, which is LEO for the visible channels. In
Korea, the first GEO satellite, Communication Ocean and
Meteorological Satellite (COMS), is used to participate
in the GSICS program. COMS/Meteorological Imager
(MI) is a meteorological satellite, which monitors 
and calculates meteorological phenomena and the
environment in East Asia and the Western Pacific (Han
et al., 2015; Lee et al., 2017). The MI onboard COMS
had 5 channels: 1 visible and 4 infrared channels. The
COMS/MI was operated by National Meteorological
Satellite Center (NSMC), Korea Meteorological
Administration (KMA). The NMSC provided the
Radiative Transfer Model (RTM)-based GSICS
coefficient coefficients for COMS/MI. The calculation
cycles of the GSICS correction coefficients for
COMS/MI visible channel are provided annual and
diurnal (02, 05, 10, 14-day), but long-term evaluation
according to these cycles was not performed.
Accordingly, the purpose of this paper is to perform
evaluation depending on the annual/diurnal cycles of
COMS/MI GSICS correction coefficients based on the
ray-matching technique using S-NPP/VIIRS data as
reference data.

2. Measurements

1) COMS/MI
The COMS/MI was located at a longitude of

128.2°E and launched on June 27, 2010, and official
operation began in April 2011. The visible channel of
COMS/MI Level-1B (L1B) has one band, and its center
wavelength was 0.68 µm. The spatial resolution of 
its channel was 1 km. The MI instrument had 2 scan
modes. One mode or continuous Full Disk (FD) 
mode, the MI produced a FD image every 3 hours.
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Another mode was Extended Northern Hemisphere
(ENH) image every 15 minutes. In this study, evaluation
was carried out by comparing COMS/MI L1B directly
with S-NPP/VIIRS L1B. Accordingly, COMS/MI L1B
with dense observation time intervals are required, and
ENH images are used. Also, the Top of Atmosphere
(TOA) reflectance of COMS/MI L1B was used. The
GSICS correction coefficients according to annual/
diurnal cycles and the calibration procedure for
converting Digital Number (DN) to TOA reflectance
of COMS/MI L1B was provided by NMSC. In addition,
for performing a quality assessment of GSICS correction
coefficients, we used COMS/MI L1B from January
2015 to October 2019.

2) S-NPP/VIIRS
The S-NPP/VIIRS was launched on October 28,

2011 as a LEO satellite. The VIIRS L1B instrument
consists of 22 spectral bands (14 visible and Near
Infrared, 7 Infrared, and one Day-Night Band), and 
the scan angle range for observing the Earth is from 
-56.28° to 56.28°. It has a wide-swath of 3000 km. It
has two types of bands: 5 Imaging (I) bands with spatial
resolution 375 m and 16 Moderate (M) bands with
spatial resolution 750 m. In this study, channel data
having a center wavelength of 0.64 µm, which has a
wavelength band most similar to that of COMS/MI
L1B visible channel data among S-NPP/VIIRS L1B I
bands, was used. The data of L1B I bands produced by
S-NPP/VIIRS are provided as a swath product, and the
observation time interval of each scene is 6 minutes.
The L1B Swath product refers to data that has not 
been subjected to geographic correction. It was also
converted to TOA reflectance and used as reference
data and utilized data of overlapping period with
COMS/MI L1B.

3. Inter-Calibration Algorithm

For evaluation of GSICS correction coefficients on the
COMS/MI, this study was performed to the construction
of the collocation dataset between COMS/MI L1B and
S-NPP/VIIRS L1B. The ray-matching technique was
used to construct the collocation dataset. Following the
collocation datasets constructed, COMS/MI L1B was
reproduced as L1P by applying the COMS/MI GSICS
correction coefficient according to the annual/diurnal
cycles, and evaluation was performed through 1:1
comparison with reference data. The evaluation method
was described after the description of the ray-matching
technique.

1) Ray-matching Method
The Ray-matching technique is a surrogate test

approach that calibrates another satellite sensor with a
satellite sensor calibrated based on the pixel of the
matched position and the same angle. It utilizes a
mutual calibration algorithm according to a step-by-
step approach to ensure maximum consistency and
traceability of the two data (Doelling et al., 2011). In
other words, it is a technique that considers an area
where the observation conditions of two data are the
same as possible. The algorithm is largely defined in
four steps, each of which is as follows.

(1) Gridding and Sub-setting data
The COMS/MI on the GEO sensor has a probability

of causing distortion of the channel data as the
observation angle increases based on the center latitude
and longitude, so a certain area (Sub-Satellite Point,
SSP) was set to compensate for this part. SSP was set
to a sea area of ±15.0° for latitude and ±20.0° for
longitude based on the central latitude (0°N) and central
longitude (128.2°E) of COMS/MI, and the conditions
used in Doelling et al. (2011) value was used. The
ocean is less likely to cause distortion of the observed
value due to the surrounding environment compared to
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the land, so only the ocean was used. In addition, a
gridding operation to perform re-projection of the two
data in the bin-resolution area, which is a virtual area,
is also included. The bin-resolution area was set at 0.5°
intervals for latitude and longitude. In this study, not
only the sub-setting data, but also the condition values
used in Algorithm Theoretical Basis Document (ATBD)
(Doelling et al., 2011) were used for the other three
steps.

(2) Collocating dataset
Collocating GEO and reference data aims to set the

observation environment of COMS/MI which was
GEO sensor and S-NPP/VIIRS which was reference
data as much as possible, and the difference between
the observation time, Solar Zenith Angle (SZA),
Viewing Zenith Angle (VZA) and Azimuth Angle
between the two satellites was utilized. The following
steps were performed for the region where the
observation time difference between the two satellites
was within 5 minutes, the SZA difference was less 
than 5°, the VZA difference was 10°, and the azimuth
angle difference was less than 15°. In addition, to
exclude the area where channel data was distorted by
the sun-glint of the two satellites, the area where the
sun-glint was less than 15° was excluded from the
collocation dataset.

(3) Spectral Transformation of data

Spectral transformation of data is the step of using
Spectral Band Adjustment Factor (SBAF) to correct the
difference in response function for each wavelength
between satellites. The SBAF is a coefficient that
corrects the difference in response function for each
wavelength between different satellite sensors based on
Environmental Satellite (Envisat)’s Scanning Imaging
Absorption Spectraometer for Atmospheric Cartography
(SCIAMACHY) data (Scarino et al., 2016). In this study,
for evaluation of the COMS/MI GSICS correction
coefficient depending on the annual/diurnal cycles, the

reference data, S-NPP/VIIRS, were used to convert the
S-NPP/VIIRS Pseudo data considering the COMS/MI
Spectral Response Function (SRF). The SBAF calculation
area was designated as COMS/MI SSP condition and
All-sky Tropical Ocean, and the regression model 
was set as Force Fit. In this study, to calculate the 
S-NPP/VIIRS Pseudo data, the For Slope in Fig. 1,
which is the SBAF result calculated according to the
conditions, was used. Among the subsets for calculating
SBAF, the date range was set as the entire period of
SCIAMACHY data.

(4) Filtering data

Filtering data is a process of removing outliers 
from observation data of satellites by checking spatial
inhomogeneity. COMS/MI calculated the spatial standard
deviation of pixels within 9-by-9 of a specific pixel and
use it to check the spatial uniformity of the reflectance
of a specific pixel and surrounding pixels, and if 
the value is 3 times larger than the spatial standard
deviation of a specific pixel, the pixel was excluded.
Fig. 2 is an image of reconstructing the collocation
dataset from COMS/MI L1B and S-NPP/VIIRS L1B
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Fig. 1.  The SBAF regressions of SCIAMACHY-based pseudo
scaled radiance for COMS/MI and S-NPP/VIIRS over
the COMS/MI SSP.
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data with SSP bin-resolution.
Table 1 is the conditional elements of the ray-

matching technique used to build the collocation dataset
in this study.

2) Comparison Analysis
R-squared (R2), Root Mean Square Error (RMSE)

and Bias were used as the indices for evaluation of
COMS/MI L1P reproduced depending on the annual/
diurnal cycles. In addition, a time series analysis was
performed to monitor the period in which trends and
outliers appear during the analysis period of the
evaluation index, and the GSICS correction coefficient
depending on the annual/diurnal cycles of the visible
channel was evaluated.

4. Results

Table 2 is the result of evaluation with S-NPP/VIIRS
pseudo reflectance data depending on the annual/diurnal
cycles. Both COMS/MI L1B without GSICS correction
coefficients and COMS/MI L1P with R2 showed high
agreement rates of 0.99 or higher. However, in RMSE
and Bias, the difference between COMS/MI L1P with
GSICS correction coefficients applied depending on
diurnal cycles and reference data was smaller than
COMS/MI without GSICS correction coefficient
applied and annual cycle. This is consistent with the
results of the high accuracy of the GSICS corrected
SST output (Park et al., 2015). As a result of comparing
the absence rate of the GSICS correction coefficients,
the 2-day diurnal cycle showed 14.48% of the absence
rate of the GSICS correction coefficients during the
long-term period analysis, which was higher than that
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Fig. 2.  COMS/MI and S-NPP/VIIRS L1B images and constructed Collocation dataset (Bin-resolution) images: (a)
COMS/MI, (b) S-NPP/VIIRS.

(a)                                                                                                       (b)

Table 1.  Conditions of ray-matching factor between COMS/MI and S-NPP/VIIRS
Collocation Condition Index Condition Value

COMS/MI vs. S-NPP/VIIRS Parameter Ray-Match threshold
Latitude Domain 15°N to 15°S ocean only
Longitude Domain ±20° of GEO sub-satellite
Bin resolution 0.5° by 0.5° lat/lon

Time match difference < 15 minutes
Solar Zenith Angle difference < 5°

View Angle difference < 10°
Azimuth Angle difference < 15°

Sun Glint Angle > 15°
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of other diurnal cycles.
Fig. 3 is a time-series analysis of the monthly

evaluation results with COMS/MI visible channel 
and S-NPP/VIIRS pseudo data. The analysis results 
on the time series of the COMS/MI GSICS correction
evaluation showed that the difference between the
reference data and the COMS/MI L1P applied diurnal
cycles during study period was small. In the case of the
bias shown in Fig. 3(b)), for COMS/MI L1B to which
the GSICS correction coefficient was not applied, it
was confirmed that the reflectance bias value decreased

over time. This can be estimated that the degradation
of COMS/MI L1B was progressing over time. In the
diurnal cycles, time series analysis results can be seen
that the difference in evaluation results was very slight.
Fig. 3(c)) is an image showing the days in which the
GSICS correction coefficients were absent in terms of
monthly percentages for diurnal cycles. In the case of
the bias shown in Fig. 3(c)), the 2-day diurnal cycle
showed a high absence rate of up to 70%, which means
that when calculating L1P, there may be restrictions on
continuous calculation. In the calculation cycle, 5-day
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Table 2.  0.64 μm COMS/MI and S-NPP/VIIRS pseudo quality assessment results depending on the annual/diurnal cycles

GSICS correction 
coefficie1nt 

calculation cycle

GSICS correction
coefficient Absence 

Rate (%)
RMSE Reflectance Bias 

[MI – VIIRS] R2 Slope & offset

None – 0.0519 -0.0298 0.99134 Y = 1.12697 * X + 0.0037
Annual – 0.0446 0.01905 0.99134 Y = 0.9083 * X + 0.0037

Diurnal (2-day) 14.48 0.0399 0.01363 0.99143 Y = 0.9311 * X + 0.0039
Diurnal (5-day) 4.22 0.0395 0.01351 0.99153 Y = 0.9288 * X + 0.0041
Diurnal (10-day) 1.19 0.0394 0.01345 0.99153 Y = 0.9278 * X + 0.0041
Diurnal (14-day) 0.44 0.0394 0.01349 0.99151 Y = 0.9274 * X + 0.0042

Fig. 3.  The time series of monthly evaluation for COMS/MI data; (a) RMSE, (b) Bias (COMS/MI-S-NPP/VIIRS), (c) Absence
rate for GSICS correction coefficient.

(a)

(b)

(c)

14진동현(169~176)ok.qxp_원격37-1_2021  2021. 2. 24.  오전 11:21  페이지 174



diurnal cycle also represented a maximum absence
ratio of 60%, and when considering the absence ratio,
it can be seen that the diurnal 14-day represented 
the lowest absence ratio in the GSICS correction
coefficient. Given that the evaluation result with S-
NPP/VIIRS pseudo data and the absence rate of GSICS
correction coefficient, the diurnal 14-day is the most
suitable for applying the GSICS correction coefficient.

5. Conclusions

GSICS has an important objective to ensure the
comparability of satellite measurements provided at
different times, different instruments, and GEO-LEO
inter-calibration is an important process for completing
that objective (Wu et al., 2009). The NMSC provided
GSICS correction coefficients depending on annual and
diurnal (2, 5, 10, 14-day) cycles for COSM/MI, but
long-term evaluation of correction coefficients was not
performed. Therefore, this study performed evaluation
on the GSICS correction coefficients of COMS/MI
visible channels from January 2015 to October 2019.
The S-NPP/VIIRS L1B data were used as reference
data, and the collocation dataset of two satellites was
constructed based on the ray-matching technique for
inter-calibration. The results showed that diurnal cycles
were more similar to S-NPP/VIIRS than annual cycles.
The difference in diurnal cycles of 2, 5, 10, and 14-days
was very small when compared with S-NPP/VIIRS.
Although the difference was very small, when additionally
considering the presence or absence of the daily GSICS
correction coefficient, it was determined that 14-days
is more suitable GSICS correction coefficient than
other coefficients for the COMS/MI. This analysis can
be helpful when using the appropriate GSICS correction
coefficient for COMS/MI.
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