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2.1. Flow chart for the development and retrieval process of LST from GK2A/AMI. 4

2.2. Diurnal variation of air temperature and LST in the atmospheric vertical profiles
(blue line: SeeBor profile, red line: diurnal variation of air temperature profiles,
yellow arrow: diurnal variation of air temperature, green arrow: diurnal variation of
LST). = reemmmemme e 10

2.3. Distribution of RMSEs between LST calculated from RTM simulated brightness
temperature and reference LST according to different impacting factors: (a)
brightness temperature differences (BTD) and surface lapse rate; (b) emissivity
differences (Ae) and BTD; (c) satellite viewing zenith angle (VZA) and BTD.
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Acronyms
AHI Advanced Himawari Imager
AMI Advanced Meteorological Imager
ATBD Algorithm Theoretical Basis Document
BSRN Baseline Surface Radiation Network
BTD Brightness Temperature Difference
GK2A GeoKompsat-2 Atmosphere
HITRAN High Resolution Transmission
IR Infrared
KMA Korea Meteorological Administration
LOWTRAN Low Resolution Transmission
LST Land Surface Temperature
MODIS Moderate Resolution Imaging Spectroradiometer
MODTRAN Moderate resolution atmospheric transmission
NDVI Normalized Difference Vegetation Index
NMSC National Meteorological Satellite Center
RMSE Root Mean Square Error
RTM Radiative Transfer Model
SLSTR Sea and Land Surface Temperature Instrument
SoZA Solar Zenith Angle
SST Sea Surface Temperature
SZA Satellite Zenith Angle
USAF United State Air Force
VCM Vegetation Cover Method
VIIRS Visible Infrared Imaging Radiometer Suite
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Off-line On-line

[ To make LST retrieval equations ] Data Read
A
H l GK-2A GK-2A
H = = GK-2A cloud
: Design of RTM simulation Ch. !3 & Ch. 15 Ch. 13 & Ch. 15 mask (L2)
: Radiance (L1b) LSE (L2)
SeeBor SRF of VZ‘CW:]g
V5 profile AMI Fen GK-2A GK-2A
Land / Sea mask calibration tablc
5 X Land Surface
Diurnal variation L
£Ta and LST Bty } . .. _
© (Ch. 13 & Ch.15) Coefficients Solar Zenith Viewing Zenith
l (co~Cs) Angle (SoZA) Angle (8)

RTM simulation using MODTRAN 4

I Output : RTM Simulated LST datasets Land and >
: Naem * Neem * Nemt * Naem Clear pixel? LST = _FillValue

Yes
S(atisti;a] regressipn analysis | Radiance to Brightness Temperature(Ch. 13 & Ch. 15) ‘
between input and simulated LST
LST ~ (BTcn13, BTonas, BTD, VZA, Emissivity) l

Split-window LST retrieval algorithm
H The coefficients of land surface temperature retrieval

equations according to the six conditions (co~cs) ; Day or Night?
(Solar Zenith Angle)

Off-ine ‘ Daytime ‘ ‘ Twilight / Dawn ‘ ‘ Nighttime ‘
Validation process ? BTD = ?
Ground High-quality
observation satellite LST H
dataset data :

@ Calculate LST according to the conditions
i i LST = ¢o + ¢1BTon1s + uBTD + c3(secd — 1) + ¢, (1 — &) + cshe 1

E Spatial-temporal collocation process
between GK-2A and Validation dataset i 1 :

Validation results (bias, RMSE) - Output : GK-2A land surface temperature and QC-flag '

Fig. 2.1. Flow chart for the development and retrieval process of LST from GK2A/AMI.
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Table 2.1. GK2A/AMI primary sensor data used in the LST algorithm.

Center Spatial Temporal
Channel Type Wavelength resolution resolution Description Use
(um) (km) (minutes)
AMI Channel 13 Split-window
13 IR 10.3539 2 10 TOA radiance algorithm input data
15 IR 12 3651 2 10 AMI Channel 15 Split-window

TOA radiance algorithm input data

AxHEE FH] SA 2ol disiMd AEHY] witel] FEEA AbEEol A3A

22 dQsit. 75 B4 AEES FEAAETE 2 kmolH AAEFV]= 1020l g
ARPEES AE] 93 A8 BAF AN E AEd BEEE du Ao
t Mg e F A9 Ay Aud BEE 4wk Ak Awd $EEE T
D FE7E 2 kmol™ AbEF7]s 1do|th Axdel Ased a3 L2 AR 54
S Table 2.2 vERT
Table 2.2. GK2A/AMI derived sensor data used in the LST algorithm.

Name Spgtlal Tempo_ral Description Use

resolution (km) resolution

dCIOU.d 2 10 minutes AMI cloud mask data Distinguish clear pixel

etection
Lanql sgrface AMI Land Surface Split-window algorithm
emissivity 2 1 day o .

Emissivity channel 13 input data
channel 13
Lanq Sl.”face AMI Land Surface Split-window algorithm
emissivity 2 1day o .
Emissivity channel 15 input data
channel 15
2.3.3 Bz A=

AZXHZEE AMEsH] gl o3 Hx Ans A 44 A58 54 As5E vdth
A4 oY Bz Ane FHAJ] §AH stie disiAARt AnHEET AAEEER S/
F TH AR Dok 7 A 4 26 4B ATWLE AE AS D 7 3o
i 9ARR G, A5) Arolth 4 ¥ nx AR FU% ofhe TR
E g A AFHRE AEA iEHsR Foj7ks 4 HAZe] stk K
AR 542 Table 2.3% -t}
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Table 2.3. GK2A/AMI ancillary data used in the LST algorithm.

Name Description Use
Land/Sea mask Land/Sea mask of each pixel Distinguish land pixel
- Coefficients of LST retrieval algorithm
Coethiclents of LST (Day: Dry/Normal/Wet) Calculate LST
g (Night: Dry/Normal/Wet)
Spectral emissivity Spectral emissivity look-up table of AMI Calculate land surface
look-up table channel 13 and 15 emissivity
Land use/cover data Land use/cover of each pixel Calculate_ Ia_nql surface
emissivity

L(A,T) = e(M)BA,Ty) (2.1)

yj—g = —1,(0,¢) + By(T) (2.2)

A @2)e1M & el Hrx OB 2 gaiw sty 4 (2.3)3 2ok

exp (5’1) d—L’; +Zexp (%) L;(6,¢) = iexp (%) B, (T) (2.3)
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LST > T(K)

Ta-6 Ta+20

Fig. 2.2. Diurnal variation of air temperature and LST in the atmospheric vertical profiles (blue line:
SeeBor profile, red line: diurnal variation of air temperature profiles, yellow arrow: diurnal variation
of air temperature, green arrow: diurnal variation of LST).

Fig. 2.29} o] AxWHEES o WHEE 7&= 7|22 Yo A% LSTqey = Ta—

2K~Ta+20K, ¥ 4% LSTyg =Ta—6K~Ta+2K 2 W2 Lo A8ty gt
7ZF #AS5acM 549 712 (Ta)# 7] 37 otdlel sids= 571 59 &5 L=}
A5 wF HAAE A WES a7] Wil Table 2.49F Ze] & WEE vk 7173k
AR el Agskeitt

Tolxl AmueEel di7jzdel] wE 7] gekelrfe] 74 AE E mAE fe] g B
AARE AAFst7] 18l Table 2.401 G vpol o] vpeyet di7]eh AW FHE i
gote] JARGR D RS FaSglth. A Aol el 15704789 715544 7] Yl
AR e

= 33 SeeBor TR A8 FoA] A A zFo] 50% o|ujel 26947

25 AFESIT And BEES AW 95 FF U 93] wet dEgo

tt27] wio] GK2A/AMI #=999 AY 137 AY 159 WEH9 Bx=

Apdg R aEskgltl. W Alztell= 3,911,688701¢ Ho Ax:
18

r o)
|\
= B
_>|i

SN
22 ol
ol
=
o
!
Jz



(2694 (station) * 12(LST) * 11(e ;) * 11(8e))7F FFHHA2m, ¥k Alzkel] djs)A =

1,629,870702] RoJAF (2694 (station) * 5(LST) * 11(e,,,) * 11(Ae)) 7} 7F = 3ot

SAPAE R e AnH2Ee £ oAdY Axd e, 94 A4 S
2 RO)E T AAtE F AEe] BASERTE Asd Sk 2 Afeld AY 34
J

A5
BAS Ba) ARWLE AE A4S AP

ke

Table 2.4. Input conditions of the radiative transfer model simulations.

Subject Conditions

2694 SeeBor database (Version 5)

Atmospheric Profile o . .
P (Satellite viewing zenith angle less than 50°)

Diurnal variation of land Day: Ta-2K ~ Ta+20K (a step of 2 K)
surface temperature Night: Ta—6K ~ Ta+2K (a step of 2 K)
904 hPa Ta U =Ta T+ (Ta ™ -Ta )3
. 931 hPa Ta " =Ta  +(Ta -Ta )3
Alr ;irg‘;e[aﬁéf ﬂ:;’der 958 hPa Ta " =Ta +(Ta —Ta )3
g 986 hPa Ta~ =Ta+ (LST - Ta)/3
1013 hPa Ta =Ta+ (LST - Ta)/2
€cn1z - 0.9400 ~0.9900 (astep of 0.005, 11 steps)
Emissivity -0.02 < A& < 0.01 (a step of 0.003, 11 steps)

if (ech15) > 1, €ch15— 0.9999

W
)

of
ofk
o

KellAl (T, +20) K& FFo 2 31¢lal ofgtel= WIZ AW E7F 7|&HET wdow

2 (T,—6) KoA (T, +2) K& ofztos Awalqict. w3l Hejhr| 3 23499

71l gk =7 o) 2 =

3% % A (Brightness Temperature Difference: BTD)7F 0 K ©o]std - <xt4

o7 FF7IF] AAY dojZZEe] SASER ‘HAxE, 7 K oldd AF FF7E0] +

Atz 'S8, 0 KelA 7 K7HA] 'R daglFo® w83tk (Table 2.5). 5, A&
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He2re Abgs Ao S W Ve AEY ] 8
A @A (ERE, oD x 3%, BE, 58)) 2 AlF AEA S st (4 2.10 ~

21 2.15).

LSTaay/ary = —2.484 + 1.009BT 13 + 1.218(BTD) + 0.685(secd — 1) + 49.530(1 —
&) — 79.841A¢ (2.10)

LSTaay/mormat = 2.868 + 0.986BT13 + 1.358(BTD) + 1.148(sect — 1) + 61.566(1 —
§) — 76.448A¢ (2.11)

LSTaay/moist = 55.826 + 0.796BT 413 + 2.003(BTD) + 2.512(sect — 1) + 65.350(1 —
&) — 74.165A¢ (2.12)

LSTygt jary = 4.003 + 0.986BT,p13 + 1.343(BTD) + 0.148(sectd — 1) + 45.216(1 —
&) — 79.232A¢ (2.13)

LSTygt /normar = 1.602 + 0.992BT 13 + 1.170(BTD) + 0.925(sec — 1) + 51.920(1 —
&) — 53.374A¢ (2.14)

LSTygt jmoist = 27.019 + 0.890BT,p13 + 1.897(BTD) + 1.874(sec6 — 1) + 73.339(1 —
&) — 67.972A¢ (2.15)

Table 2.5. Summary of the LST retrieval equations according to the BTD ranges. The number
indicates the equation number in the text.

Conditions BTD ranges LST equation

Dry BTD<-1 (2.10) for Day, (2.13) for Night

Day: weighted sum of (2.10) and (2.11)
Night: weighted sum of (2.13) and (2.14)
Normal 1<BTD<6 (2.11) for Day, (2.14) for Night

Day: weighted sum of (2.11) and (2.12)
Night: weighted sum of (2.14) and (2.15)
Wet BTD>8 (2.12) for Day, (2.15) for Night

Dry-Normal -1I<BTD<1

Normal-Wet 6<BTD<8
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Fig. 2.3. Distribution of RMSEs between LST calculated from RTM simulated brightness temperature
and reference LST according to different impacting factors: (a) brightness temperature differences
(BTD) and surface lapse rate; (b) emissivity differences (Ag) and BTD; (c) satellite viewing zenith
angle (VZA) and BTD.
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Fig. 2.4. (a) Scatter plot (left) and (b) histogram (right) of difference between the reference LST and
estimated LST using GK2A/AMI retrieval algorithm.
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Table 2.6. Summary of LST retrieval algorithm output data.

Product name | Type Name Description
LST short long_name AMI L2 Land Surface Temperature
_Unsigned TRUE
_Fillvalue 65535
Valid_max 33000
Valid_min 21300
scaling_factor 0.01
add_offset 0
units K

DQF_LST byte long_name AMI L2 Land Surface Temperature data quality flags

_Unsigned TRUE
_Fillvalue 255
Valid_max 4
Valid_min 0
units none

flag_meanings | 0: normal
1: abnormal — satellite data receiving error
2: abnormal — auxiliary data error

3: abnormal — cloud mask data error

4: abnormal — exceeds the valid range of LST

24



GK—2A_LST_2019

Q?JOZ?)O_(UTC) 533
i & i
o 313
............................... 309N

........................ 20%N~ sy,

. 2 4 293
,,,,,,,,,,,,,,,,,,,,,, S 10RN R
SN

B T30 ‘?‘i@?‘ﬁ _1§0°Ei‘/j:0°.\E. ; 4 573

JRe A l&s 5 }_: £
253
233
(K

Fig. 2.6. Sample images of the GK2A land surface temperature from GK2A full disk scan data for the
selected day (June 5, 2019, 0230 UTC).
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(a) Himawari-8 LST (Nov. 21, 2016, 1300 UTC) ~ (b) MODIS LST (Nov. 21, 2016, 1300 UTC)
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Fig. 3.1. (a) Spatial distribution of Himawari-8 LST (top left), (b) MODIS LST (top right), (c) their
differences (bottom left) and (d) scatter plot (bottom right) for the selected day (Nov. 21, 2016, 1300
uTC).
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(a) Himawari-8 LST (Jan. 25, 2017, 0300 UTC)  (b) MODIS LST (Jan. 25, 2017, 0300 UTC)
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Fig. 3.2. Same as Fig. 3.1 except for the selected day (Jan. 25, 2017, 0300 UTC).
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(a) Himawari-8 LST (Apr. 5, 2017, 0100 UTC)

(b) MODIS LST (Apr. 5, 2017, 0100 UTC)
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(a) Himawari-8 LST (Jul. 6,2017, 1800 UTC) (b) MODIS LST (Jul. 6,2017, 1800 UTC)
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Fig. 3.4. Same as Fig. 3.1 except for the selected day (Jul. 6, 2017, 1800 UTC).
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Table 3.1. Comparison results of Himawari-8 LST data and MODIS LST product (collection 6) for
months (November 2016, January, April, and July 2017).

Day Night Total (Day+Night)
Month
# of Bias RMSE # of Bias RMSE # of Bias RMSE
scene Corr. [K] [K] scene Corr. [K] [K] scene Corr. [K] [K]

2016.11 | 40 091 | -0.23 | 2,53 35 0.90 | -0.10 | 1.02 75 091 | -0.18 | 1.97

2017.01 | 24 089 | 0.20 | 2.22 18 087 | -0.19 | 1.18 42 088 | 0.05 | 1.82

2017.04 | 38 094 | 0.68 | 2.02 31 0.87 | -0.27 | 1.08 69 092 | 045 | 1.79

2017.07 | 46 096 | 059 | 1.72 33 0.90 | -0.12 | 1.23 79 095 | 042 | 1.60

Total

and Ave. 148 | 093 | 0.35 | 2.06 117 | 0.89 | -015 | 112 | 265 | 092 | 0.20 | 1.78
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Fig. 3.5. Scatter plot between Himawari-8 LST and Tateno station from upward longwave radiation
(red square symbol: daytime; blue circle symbol: nighttime).
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Fig. 3.6. Scatter plot between Himawari-8 LST and Boseong observatory from (a) 2.6 m upward
longwave radiation and (b) 60m upward longwave radiation.
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Table 3.2. Comparison results of GK2A LST data and MODIS LST product (collection 6) for the
selected three months (July, August and September 2019).

MOD11 L2 MYD11 L2
Month

RMSE . . RMSE

# of pixel Corr. | bias [K] K] # of pixel Corr. | bias [K] K]

2019.07 59,606,383 0.987 0.692 2.109 58,863,637 0.992 0.575 2.007
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2019.08 | 101,727,374 | 0.986 0.883 2.379 91,286,816 | 0.991 0.676 2.231

2019.09 84,339,291 | 0.990 1.064 2.364 74,601,907 | 0.993 0.844 2.181

TO;?\II:nd 245,673,048 | 0.987 0.899 2.308 | 224,752,360 | 0.992 0.706 2.156

# of pixel : 470,425,408, Corr. = 0.990, bias = 0.806 K, RMSE = 2.235 K
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(a) GK2A LST (July 26, 2019, 1340 UTC) (b) MODIS LST (July 26, 2019, 1345 UTC)
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Fig. 3.7. (a) Spatial distribution of GK2A LST (top left), (b) MODIS LST (top right), (c) their
differences (bottom left) and (d) scatter plot (bottom right) for the selected day (July 26, 2019, 1340
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(a) GK2A LST (July 26, 2019, 0130 UTC) (b) MODIS LST (July 26, 2019, 0135 UTC)
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Fig. 3.8. Same as Fig. 3.7 except for the selected day (July 26, 2019, 0130 UTC).
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(a) GK2A LST (July 26, 2019, 1540 UTC) (b) MODIS LST (July 26, 2019, 1540 UTC)
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Fig. 3.9. Same as Fig. 3.7 except for the selected day (July 26, 2019, 1540 UTC).
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Fig. 3.10. Scatter plot of LST between GK2A and Tateno station from upward longwave
radiation.
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