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Abstract

Cloud optical thickness, also known as cloud optical depth, is an indicator that quantitatively
shows the attenuation effect of solar radiance by clouds in the atmosphere and is calculated
through statistical models or the radiative transfer model of each satellite using its
observation data and ancillary data. Therefore, even for observations performed at the same
location and time, the retrieved COT differ from satellite to satellite. Thus, this study aims to
verify the retrieved COT of the GK-2A and HIMAWARI satellites, which are Korean and
Japanese geostationary satellites, respectively, covering the Korean Peninsula. To verify the
COT data, the method used by Qin et al. (2019) was used, where the COT was indirectly
verified by calculating downward radiation using satellite-retrieved data such as COT, cloud
phase, and cloud top pressure as parameters and comparing this with ground-observed
radiation. In this study, a radiative transfer model, libRadtran 2.0.4, was used to calculate
UV-A radiation and compare it with observed data in Daejeon as the true value for the cloud
phase retrieved from each satellite. When comparing the COT from both satellites directly, the
values from HIMAWARI tended to be larger than the data from GK-2A. A comparison of the
UV-A radiation shows that the observed values are seemingly larger than the satellite results,
indicating that both satellites may overestimate the cloud optical depth. Additionally, when both
satellites were estimated to have the same cloud phase, HIMAWARI showed better parameters
for RMSE and MAE, whereas GK-2A was better when GK-2A and HIMAWARI had different
cloud phase estimates. By comparing the freezing level from the vertical profile and the cloud
top height from each satellite, the actual cloud phase was estimated, which showed that GK-2A
had better performance in estimating cloud phases.

Keywords: At = -4 (Data analysis), 75 g8} S7|(Cloud optical thickness), AT E
4l (Radiative transfer model)
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AOD : Aerosol Optical Depth, of|o]2Z 335+ Z1o]

COT : Cloud Optical Thickness, & &5t 57

CTP  : Cloud Top Pressure, <74 1%=(hPa)

GHI : Global Horizontal Irradiance, 58 A UALF

KST  : Korea Standard Time, 3F= ZA]

MAE : Mean Absolute Error, H Atj 22}

MBE : Mean Biased Error, B+ H&F @}

RTM : Radiative Transfer Model, BAF A& &

RMSD : Root Mean Squared Difference, B+t Al 2}

RMSE : Root Mean Squared Error, vt AlE<t 24}

Rroa : Radiation at Top of Atmosphere, T7] B} EAZHW m™)

Rys  : Radiation of Visible Wavelength Channel, 7FA11d EARKW m™)
Rur  : Radiation of Near Infra—red Wavelength Channel, 22941 2'd EARHW m ™)
Re . Cloud Reflectivity, 75 R

r > Correlation Coefficient, A% A4~

STD  : Standard Deviation, EFHx}

T. . Cloud Transmissivity, 7~ St
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Fig. 1 Typical flow chart for COT retrieval of GK-2A and HIMAWARI satellites
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Fig. 2 Example plot of COT data: normal data (blue circle), outlier data (red circle). Black and blue solid line indicates simple

linear regression line and 95% confidence interval, respectively. The perfect regression is given as red dashed line
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Table 1 Summary of data classification by cloud phase

HIMAWARI
Number . ;
Liquid Ice Uncertain
Liquid 955 0 3
GK-2A Ice 84 1486 442
Uncertain 86 4 27
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Fig. 3 Scatter plot of GK-2A and HIMAWARI COT data taken from Normal data for (a) liquid phase, (b) different phase, and (c)
ice phase

Table 2 Major characteristics of COT of Normal dataset for liquid phase, different phase and ice phase.

All data Normal data Outlier data
Mean RMSD Mean RMSD Mean RMSD

o GK-2A 22.60+17.01 21.58+15.87 36.54 +£24.38

Liquid Phase 17.69 12.17 50.70
HIMAWARI 26.74 +20.32 24.06 + 17.02 63.36+25.68
GK-2A 921+11.00 8.65+10.81 20.45+8.30

Different Phase 16.58 11.17 57.22
HIMAWARI 16.11 £20.78 13.05 £ 15.07 77.28 £ 12.67
GK-2A 11.95 +10.69 10.91 +8.89 33.75+18.72

Ice Phase 14.61 8.39 56.58
HIMAWARI 17.43 £20.02 14.82 £ 14.49 71.80 +35.76
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Fig. 4 Scatter plot of observation for Normal dataset with UV-A irradiance derived by GK-2A in (a) liquid phase, (b) different
phase and (c) ice phase; by HIMAWARI for (d) liquid phase, (e) different phase and (f) ice phase
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Table 3 Major characteristics of UV-A irradiance derived from satellites with observation for liquid phase. The number

inside bracket indicates the number of data for All data, Normal data and Outlier data

Mean RMSE MAE MBE
(Wm?) (Wm?) " (W m?) (Wm?)

GK-2A 10.50 6.66 0.71 4.79 2.98

A(l;fga HIMAWARI 9.66 6.12 0.84 458 3.82
Observation 13.48 - - - -

GK-2A 10.73 6.59 0.73 4.80 312

Nor(‘ggi;iata HIMAWARI 10.01 6.12 0.84 461 3.84
Observation 13.86 - - - -

. GK-2A 7.34 7.49 0.26 4.67 -1.05

Ouﬂ(lg;)data HIMAWARI 4.83 6.17 0.77 4.05 3.55
Observation 8.39 - - - -

Table 4 Same as Table 3 but for different phase

Mean RMSE MAE MBE
(Wm?) (Wm?) " (W m?) (Wm?)
GK-2A 14.29 7.48 0.71 547 432
Al(g‘;‘ta HIMAWARI 13.34 7.61 0.77 5.90 -5.26
Observation 18.61 - - - -
GK-2A 14.58 7.55 0.71 5.49 458
Non(f;l)data HIMAWARI 13.85 7.68 0.75 5.97 531
Observation 19.16 - - - -
. GK-2A 8.60 5.87 0.57 492 0.90
Ouﬂzir)data HIMAWARI 334 628 026 448 435
Observation 7.70 - - - -

Table 5 Same as Table 3 but for ice phase

Mean RMSE MAE MBE
(Wm?) (Wm?) " (Wm?) (Wm?)
GK-2A 13.72 6.59 0.84 476 278
All data HIMAWARI 12.95 6.38 0.87 4.68 3.55
(1469)

Observation 16.50 - - - -

GK-2A 14.08 6.66 0.83 4.83 293

N"a’::)' liata HIMAWARI 1338 6.45 0.87 475 3.63
Observation 17.01 - - - -

. GK-2A 6.31 4.88 0.24 3.22 0.32

Ouﬂ(lgg)data HIMAWARI 4.15 456 0.51 311 -1.84
Observation 5.99 - - - -
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Fig. 5 Vertical soundings of air and dew point temperature measured at Osan, July 10", 2021, 15 KST. Cloud Top Pressure
from HIMAWARI and GK-2A are indicated by red and brown solid lines, respectively

Table 6 Summary of comparison between freezing level and CTP of each satellite

Mean Freezing Level ~ Deviation from Freezing

Success Fail (hPa) Level (hPa)
GK-2A 82 2 630 211
HIMAWARI 10 74 630 -160

o
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