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2.1. Flow chart for the development and retrieval process of LST from GK-2A/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 profiles, yellow arrow:
diurnal variation of air temperature, green arrow: diurnal variation of LST).
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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
GK-2A 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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[ To make LST retrieval equations ] Data Read
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SmtiStiFa] regressi.on analysis | Radiance to Brightness Temperature(Ch. 13 & Ch. 15) ‘
between input and simulated LST

LST ~ f(BTcy3, BTenss, BTD, VZA, Emissivity) l

Split-window LST retrieval algorithm

The coefficients of land surface temperature retricval

equations according to the six conditions (co~cs) Day or Night?
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Spatial-temporal collocation process ]
between GK-2A and Validation dataset

I
'

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 GK-2A/AMI.

2.3 8=

o] Ao GK—2A/AMI A8 E2 AFE3le] A XHLEE AE3= 3140 "3t o
Ame) S4= Vet dads 48 A5 GK-2A/AMIC) Level-1B A=
A

B AEE, 18 BE g7

2.3.1 L1B
ARHZES AFESY] 8] GK-2A/AMIS] Ad 1393 AE 15W& ARty F3b
AEEE 2km, BEFVE 10 2otk F AL 542 Table 2.1l vebsich,



Table 2.1. GK-2A/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

< Table 2.2 YEF

ST
o

Table 2.2. GK-2A/AMI derived sensor data used in the LST algorithm.

Name Sl Temporal Description Use
resolution (km)  resolution
dCIOU.d 2 10 minutes  AMI cloud mask data Distinguish clear pixel
etection
Lanq SL_Jrface AMI Land Surface Split-window algorithm
emissivity 2 1 day o .
Emissivity channel 13 input data
channel 13
Lanq sm_mface AMI Land Surface Split-window algorithm
emissivity 2 lday o .
Emissivity channel 15 input data
channel 15

AFHEEE AEe] 8l Fed nx Anes A4 44 Ame $4 ARE vdd
A4 91y Bx ARs AL &4 Fadd deiMnt Axde st AEHEE §A4/6E
F T AE7 ety 7F AbE A Zde wE ARWERE AE AF 2 7 Fad
ek AFR (91, %) Amolth. §4 948 Bz Ane F13 oRghE 7]
A wy A7 AmEe AbEal dEReR Solvke 9 WA Ao B
ZA RS 54 Table 2.337 2t



Table 2.3. GK-2A/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
(Day: Dry/Normal/Wet)
(Night: Dry/Normal/Wet)

Coefficients of LST
retrieval equations

Calculate LST

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 Calculatg Ianq surface
emissivity
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2.4.1 BAPAEG R 2o 9 7y

. Fa(U.S. Air Force)ellAl  71ts MODTRAN  4.2(moderate resolution
transmission model) & WMERE HE53tE 285t HAPdE R d (Radiative Transfer
Model, RTM) 2 7] Fah& 3l HARSE, JAREAS 294l spge g e o
(0.2 ~ 10,000.0 nm)7FA A4 = dok(Berk et al, 1999). MODTRAN4.2:
HITRAN (high—resolution transmission molecular absorption database) 2 7]HFO. &
MdEdon g Ealsel 0122 F4HAY. LOWTRAN(ow resolution
transmission model) 7]¥to] AR EgrEo] Qlow Rapitedk &, <, v 5 &
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Fig. 2.2. Diurnal variation of air temperature and LST in the atmospheric vertical profiles (blue line:

SeeBor profile, red line: diurnal variation of profiles, yellow arrow: diurnal variation of air temperature,
green arrow: diurnal variation of LST).

N

Fig. 2.2¢} o] Axgre] o WEd 7|2E 7|Fo® 5o 49 LSTyey =Ta-
2K~Ta+20K, ¥e %9 LST, K 2 m= vpro] Agegint. Bgt
7t BH2elA SAE V)2 (Ta) 3 AAZ 4 Wes 7] wiel Axder=Ad
1+

=
Ta' = Ta+ (LST —Ta)/2 ¢} o] A WFS st 7pgste] EApdg o] Awahgint.

Folxl Ax2Eet t7jzel] wE ] AddelMe] 7 Ad W FAF Jee] dietk
Az E BB 918 Table 2.401 AAE nke} o] vhakdh th7]e} Ad FEHE 1
Boto] BAAGR D wels Fegith. A Aol sl 15704709 715817 di7] gl
A e EFF SeeBor ZEIA AR FollA A A Zo] 50% ol 269470
#H54 ARE ARSI ARE BEES AW IE50] T U 9] we wEEo]

A 0E7] witel GK-2A/AML #5999 A 137 Ad 159 W=&] X5

Moo RN
> ap
_O|L

(o

i olE EApdgEREe mEsklh. W Albel= 3,911,688709) RO Am
(2694 (station) * 12(LST) * 11(e,,,,) * 11(8e)) 7} FHEA2m, ¥k Alzkel] dsl A=
1,629,87070¢] EeJ#F5 (2694 (station) * 5(LST) * 11 (e ) * 11(Ae)) 7F 5= ATt

Sapdg R ] ofgE Ageeet 7 AEe Axd wEd, 94 AZ4 sAE

P

59 woE B AME F AdY BAIERYE HEH I 2% Aol 4 F7)
BAe Fa ARWLE 4% A5E s

10



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

Subject Conditions

2694 SeeBor database (Version 5)

Atmospheric Profile L. . .
(Viewing zenith angle less than 50)

Day: Ta-2K ~ Ta+20K (a step of 2 K)

Land Surface Temperature ]
Night: Ta—6K ~ Ta+2K (a step of 2 K)

Air Temperature (under the PBL

] Ta’ =Ta + (LST - Ta)/2
Height)

€cn13 - 0.9400 ~ 0.9900
(a step of 0.005, 11 steps)
-0.02 < Ae <0.01 (a step of 0.003, 11 steps)
if (ech1s) > 1, €cp1s= 0.9999

Emissivity

KellAl (T, +20) K& T3 = 31¢lal ofgtolli= RidlZE AW %7t 7|&ET wdow
2 (T, —6) KollA (T,+2) K& ofzto 2 AWttt =3 F 7|3 Ade 7

S7lel tig A= 7] T FEFel wet Aol de wkgshr] flstel 7 A
3= 2% 2} (Brightness Temperature Difference: BTD) 7} 0 K o]3}<d 2
2 FF7IFe] AAY dojzEe] fAstER Az, 7T K oldd Ay FEIHe] ¢
stEE 'H&, 0 KellA 7 K7k 'R daglFo s a3t (Table 2.5). 5, A|EW
2o AE Agx Fe Sldl 72 AES 757 2 odo2E e wEt F 67
(270 (F3F, oF2h) x 37N (AZE, BE, &) AT AE2ES et (4 2.10 ~ 4

2.15).

¢

LSTaay ary = 4.2916 + 0.9858BT,p13 + 1.5277(BTD) — 0.3886(sect — 1) +
45.1436(1 — &) — 91.0634As (2.10)
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LSTgay/mormat = 74023 + 0.9690BT p13 + 1.556(BTD) + 1.2167(sect — 1) +
57.2157(1 — &) — 80.6132A¢ (2.11)

LSTgay /moist = 77.1084 + 0.7167BTp13 + 2.4035(BTD) + 2.7208(sect — 1) +
64.9535(1 — &) — 82.512A¢ (2.12)

LSTygt jary = 8.7856 + 0.9690BT,13 + 1.4719(BTD) — 0.2857(secl — 1) +
45.6327(1 — &) — 82.966A¢ (2.13)

LSTygt /normal = 4.8536 4 0.9535BT,p13 + 1.3772(BTD) + 1.0791(sect — 1) +
49.9924(1 — &) — 57.0298A¢ (2.14)

LSTygt jmoist = 50.5596 + 0.8098BT, 3 + 2.2161(BTD) + 2.1288(sec6 — 1) +
64.2628(1 — &) — 77.2555A¢ (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 -I<BTD<1

Normal-Wet 6<BTD<8§

9 A5 (2.9 ~ 2.14) A BT A 139 3% 2%, BrpE AE 1337 A 159
BTD, 0+ GK-2A/AMIS] 914 A7 &= Ad 133 Ald 159 Haf A X" $=4&,
I3 A T B ARW WEE AolE ondith dE daEFe F ozt
of Ago] golett FE 9 oy r]e] dueF 1+ Apolx Q3| A EAH

T At ol & siAaskr] fEl 2 A H HlF A7 (Solar Zenith Angle: SoZA)©|
80°ellAl 100°Ateld o & gl ojgriel 7pskgint. A 7k 2 ozt duElE
2 EAES i) 98t the A (216 ~ 2.17) 9 Zo] SoZAS iElsle] MEF o
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LST = w X LSTgqy—we + (1 =w) X LSTpg¢ —we (2.16)
1

W= - 55X (SoZA) + 5 (80° < S0ZA < 100°)

w=1.0 (SoZA < 80°)

w = 0.0 (SoZA = 100°) (2.17)
9 A 2157 A 2.16°04 w = 7FEAE ARSI LSTaay-we b LSThgr—wes 22
r3} ofte] E7] FAo wEl ARHEE AE dugEoR AEd AREHELSE Fho)
o e ARHEE AE s AE S H9UHE de A4 37 559
ABAG, HO (Bias), A1t Al 22 (Root Mean Square Error: RMSE) & o] &3}
o}
2.6. EAAEEd (MODTRAN4) ®° 4y}
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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 (Ae) 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 GK-2A/AMI retrieval algorithm.
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Table 2.6. 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
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Fig. 2.6. Sample images of the GK-2A land surface temperature from GK-2A 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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Fig. 3.3. Same as Fig. 3.1 except for the selected day (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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YERS T F31 okt AIZHE BT
0.92, H+= 0.2 KRMSE = 1.78 K & Yeh} At&E4F0] &4
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3k 265 7 A4

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 Corr Bias RMSE # of Corr Bias RMSE # of Corr Bias RMSE
scene ’ [K] [K] scene ' [K] [K] scene ' [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 0.89 0.20 2.22 18 0.87 | -0.19 | 1.18 42 0.88 0.05 1.82
2017.04 38 0.94 0.68 2.02 31 0.87 | -0.27 | 1.08 69 0.92 0.45 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 0.93 0.35 2.06 117 0.89 | -0.15 | 1.12 265 0.92 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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