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Fig. 2.1. Flowchart for the retrieval process of LSE from GK2A/AMI and ancillary data. The
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Acronyms
AATSR Advanced Along-Track Scanning Radiometer
AMI Advanced Meteorological Imager
AHI Advanced Himawari Imager
ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer
ATBD Algorithm Theoretical Basis Document
COMS Communication, Ocean and Meteorological Imager
FvC Fractional VVegetation Cover
GK2A GeoKompsat-2 Atmosphere
IGBP International Geosphere-Biosphere Programme
LSE Land Surface Emissivity
Mi Meteorological Imager
MODIS Moderate Resolution Imaging Spectroradiometer
MSG/SEVIRI METEOSAT Second Generation / Spinning Enhanced Visible and Infrared Imager
MVC Maximum Value Composite

NASA LP DAAC

National Aeronautics and Space Administration Land Processes Distributed Active
Archive Center

NDVIs Normalized Difference Vegetation Index when pixels are fully covered with soil

NDVIv Normal_ized Difference Vegetation Index when pixels are fully covered with
vegetation

NDSI Normalized Difference Snow Index

NIR Near Infrared

NMSC National Meteorological Satellite Center

RMSE Root Mean Square Error

SC Snow cover

SCF Snow Cover Fraction

VCM Vegetation Cover Method

VI Vegetation Index
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Fig. 2.1. Flowchart for the retrieval process of LSE from GK2A/AMI and ancillary data. The subscripts c, v, g,
snow, and Clim. in flowchart denote clear, vegetation, ground, snow pixel, and Climatology value, respectively.
Pens and ppe represent reflectance of channels 3 and 6.
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Table 2.1. GK2A/AMI primary sensor data used in the LSE algorithm.

Center Spatial  Temporal
Channel  Type  Wavelength resolution resolution Description Use
(um) (km) (minutes)
3 VIS 0.6394 0.5 10 AMI Channel 3 .\ jation of NDSI
reflectance
NIR AMI Channel 15
6 (Near 1.6092 1 10 Calculation of NDSI
reflectance
Infrared)
2.3.2 12
AEW WEES AT 9 AHEHE Level-2 ARE AAAS, AMEA Aro|u
ARG AAEA] A5 A F/AAAEA EW oA BT n oA At
duglFol AEE ArzE A4 g4 AEEA snow A9 1, snow—free A2 0
o2 HH] ow ¥t 2kmolth AEW WEE AbEel] AR L2 AR

574 Table 2.29 2t}

Table 2.2. GK2A/AMI derived sensor data used in the LSE algorithm.

Spatial Temporal

el resolution [km]  resolution R -
Vegetation 2 Daily AMI Vegetation Index product Calculatlon_of_le}nd
Index surface emissivity
Snow 2 Daily AMI Snow Cover product Calculatlon_of_la_md
Cover surface emissivity
2.3.3 Bz A=
Axd HEES AEH] 98 VLT wE Anols AW 92 2HA4R, 2 A9 I
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Table 2.3%} 7t}

Table 2.3. Ancillary data used for the LSE algorithm.

Name Description Usage
Land/Sea mask Land/Sea mask of each pixel Selection of land pixel
Spectral emissivity Spectral emissivity look-up table of AMI Calculation of land surface
look-up table channel 7, 11, 13, and 15 emissivity
Land use/cover data Land use/cover of each pixel Calculatlon_of.la}nd surface
emissivity

AW 5 E7FA5+= MODIS Land cover (MCD12QD)E A A7l i3l 500m &%t
AN TR AFE AW ¥E-S [GBP(International Geosphere Biosphere Programme)
1770 3oz 73390 NASA LP DAAC(National Aeronautics and Space
Administration Land Processes Distributed Active Archive Center& &3l A& 3}l
QltH(Source: https://lpdaac.usgs.gov/). & AFo|AE= GK2AS #FAA o
GK2AS 7t 3tael 7H8 7}7k MODIS AW 35285 o838t GK2AS ¥3teld
Lo A 2 kmE g EE sto] ARESATH

ol
=

7t AW A% 9 oA H WES 2085 IGBP 1770 f8el thsl Table 2.4¢ veR
At (Park and Suh, 2013). AE 79(3.8 ym) % A 11¥M (8.7 ym) ] =HxE
MSG/SEVIRIMIMETEOSAT Second Generation/Spinning Enhanced Visible and
Infrared Imager)°ll d€%¥ Z7 ¥ (Peres and DaCamara, 2005) 2] &S A3 0
o, Ad 13 (105 pm), AE 15%(12.3 pm) g diet 2HxEE= Envisatd
AATSR (Advanced Along—Track Scanning Radiometer) o] &g%¥ ZAXE A3
t}(Coll et al., 2012).
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Table 2.4 Emissivity look-up table according to the wavelength and IGBP Classes (Peres and DaCamara, 2005
and Coll et al., 2012).

IGBP Vegetation_type Ground_type
Class | |R3.8 | IR8.7 | IR10.5 | IR12.3 | IR3.8 | IR8.7 | IR10.5 | IR12.3

Descriptions

1 0.9964 | 0.9970 | 0.9890 | 0.9910 | 0.8252 | 0.9585 | 0.9700 | 0.9770 |Evergreen Needleleaf forest

2 0.9964 | 0.9970 | 0.9890 | 0.9910 | 0.8252 | 0.9585 | 0.9700 | 0.9770 |Evergreen Broadleaf forest

3 0.9949 | 0.9931 | 0.9730 | 0.9730 | 0.8252 | 0.9585 | 0.9700 | 0.9770 |Deciduous Needleleaf forest

4 10.9949 | 0.9931 | 0.9730 | 0.9730 | 0.8252 | 0.9585 | 0.9700 | 0.9770 | Deciduous Broadleaf forest

5 0.9956 | 0.9951 | 0.9890 | 0.9910 | 0.8252 | 0.9585 | 0.9700 | 0.9770 | Mixed forest

6 0.9956 | 0.9951 | 0.9890 | 0.9910 | 0.7622 | 0.9400 | 0.9700 | 0.9770 | Closed shrublands

7 0.9956 | 0.9951 | 0.9830 | 0.9890 | 0.7622 | 0.9400 | 0.9700 | 0.9770 | Open shrublands

8 0.9900 | 0.9939 | 0.9730 | 0.9730 | 0.7622 | 0.9400 | 0.9700 | 0.9770 | Woody savannas

9 0.9883 | 0.9941 | 0.9820 | 0.9855 | 0.7622 | 0.9400 | 0.9700 | 0.9770 | Savannas

10 | 0.9867 | 0.9943 | 0.9830 | 0.9890 | 0.7622 | 0.9400 | 0.9700 | 0.9770 | Grasslands

11 | 0.9842 | 0.9889 | 0.9910 | 0.9850 | 0.9842 | 0.9889 | 0.9910 | 0.9850 |Permanent wetlands

12 | 0.9950 | 0.9940 | 0.9830 | 0.9890 | 0.7807 | 0.9513 | 0.9700 | 0.9770 | Croplands

13 | 0.9525 | 0.9586 | 0.9800 | 0.9860 | 0.9525 | 0.9586 | 0.9800 | 0.9860 | Urban and built-up

14 | 0.9924 | 0.9945 | 0.9820 | 0.9855 | 0.7807 | 0.9513 | 0.9700 | 0.9770 | Crop/Natural veg. mosaic

15 | 0.9844 | 0.9902 | 0.9900 | 0.9710 | 0.9844 | 0.9902 | 0.9900 | 0.9710 | Snow and Ice

16 | 0.7660 | 0.8206 | 0.9300 | 0.9500 | 0.7660 | 0.8206 | 0.9300 | 0.9500 | Barren or Sparsely vegetated

17 | 0.9741 | 0.9838 | 0.9910 | 0.9850 | 0.9741 | 0.9838 | 0.9910 | 0.9850 | Water bodies

FolAl stavh Mo s Yol 9L w AEHE AAAFY /e AW I8 §
ol whet Aolsitt. whebA Zb Sharefld A o] A sk Mg AtES] Sl = o
AL wkYgstodor sl (Jiménez—Mufoz et al., 2009). Table 2.5 7 AW &5 {3
2 FolA vt s Adew AYRS wWel Ao AAEk(Normalized Difference
Vegetation Index when pixels are fully covered with vegetation: NDVIv) ¥} &4 <

A%k (Normalized Difference Vegetation Index when pixels are fully covered with
soil: NDVIs)& YeRd Zlolth, F A2 A4 I35 43 ¥ Hugk(95 percentile)
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2 AdAste] AAbelth(Park and Suh, 2014). ¥ Ao X EWH WESS AE67)
&l AP A 95 H (Vegetation Cover Method: VCM) 2 TA], 4], 254, 4

FHe HAA e Pl E AN ES AAEA or g NDVIvarS 7]48h4 9ot

Table 2.5 Vegetation index thresholds for the fully covered by vegetation of each land cover class (Park and Suh,
2014).

IGBP Class NDVIv IGBP Class NDVIv
1. Evergreen Needleleaf forest 0.844 9. Savannas 0.735
2. Evergreen Broadleaf forest 0.918 [10. Grasslands 0.637
3. Deciduous Needleleaf forest 0.812 [11. Permanent wetlands -
4. Deciduous Broadleaf forest 0.903 |12. Croplands 0.794
5. Mixed forest 0.873 |13. Urban and built-up -
6. Closed shrublands 0.777 |14. Crop/Natural veg. mosaic 0.840
7. Open shrublands 0.663 |15. Snow and Ice -
8. Woody savannas 0.843 |16. Barren or Sparsely vegetated -

NDVIs = 0.077

(The NDVIs stands for the value when the pixels are completely covered with soil.)

WEEL Folx LLoA ZAH W& At A 9 A EAoA WER HA} 9
U] vlE goEm 0.05E 1.09 ks 7Hth o714 I =7 9 m o]t
A AW FEES ARUE s B TR 0E Ad IE £ EX o
B Y] TR GTL W Wk ohet ERSE, ANLE (Y WAANSF F)
g AARTE duEE AadE 9% HEAoRE W] wie] AlFHAoR
wEAo] me Ak mebd B Ao Fo vt Ay BEgo gt FAE
O 71 Shell A9 Eoke] AR&S ndste] 7MEEdo® HESES AESE A4
75 H(VCM, Caselles et al., 2012)& 2] (2.1) 7} o] o] &3t A 51 &
A WEE Hole AW HE AHE WEE Holt: AAS HtYste] N uEwW wES
S AET £ Qi

e = g/l,va + (1 - fv)gl,g (2.1)
15



A 2. DM HAL ¢, v, 283 g= 747 FA g4, Aoz gl gh 2 EgS 9

m)gth 9 AolA g, g4, A2 Folx 3HAT7F A A (Vegetation) 3 E%F (Ground)
o=ZRE A s W FF H) WEES Juisith £, & A 999 AAHE
(FVC)& 531 Carlson and Ripley (1997) 9] WS ALg3le] AbEsdom 2] (2.2)
o} 2t

NDVI-NDVI )2

fo = (NDVIU—NDVIS (2.2)

o37]4 NDVI, 9 NDVIg: 247t Foi7 34 2 QRS A2k 4ol
HAaA we] ARG A grolt, o] ¥HHE AW o] hdke vl ofvdl AR
Lola] W oA HAxY el AAH|ES AEs=d) o] L83 2 tF(Carlson and
Ripley, 1997; Sobrino and Raissouni, 2000; Sobrino et al., 2008). ¢7]A A7} ¥
= A NDVISE NDVIGE g3k Zlolnt. o5 w2 3ta9 7], f14d AAe SA &
of Y= W] wZeol sl A7 f4A k. dwbHor Folxl G el
ST 545 247 F NDVIL S NDVIGE 242 749 95%% sk5l 5%% a7 =
gt} Jiménez—Mufoz et al., (2009) + d&#5 FVCE ol &sto] HAFs 43 H+=
0.04, B AEZeA= 0.130% yUeh A8x < A A4y < 7FE 3 2
= BT

w3 Aol Fog "ol Ao ¥ WHEE9 o] U e X7 wEo] A

4 gA ARE olgste] Aol WYE AEW FEES WEA AUA AR A

Aelo] daide 1, #ade] obd Ao il 007 wHE] vk Fart A4

2 HAEAS b 7 N 7RAAE 9AETE 0.1

5] AAAETF 0.4 o] W o]2 HE WEE AlZd] meldth AR om A4
3]

=S Hall et al. (2002) 2] WHH S o] g3tt). dAA 71 Zo] o]€5 a1 = MODISO



NDSI = (Be=ENIRy 2.3)

PgtPNIR

2+ AFlA = MODISS + Adel sdd el fAFsE GK2A/AMISl Ad 3(0.639um)

b AE 6(1.609um)S At o= Yl Fiho] tis] A4 A5 (NDSI) ZHE

A0 & (SCF) & F43H= 42 Linet al,, (2012) 9] W& ol g3kl on at&E4 2 4
(2.4) &} ot
SCF = —0.363 + 0.544 x 1 155XNDSI (2.4)
ArtE AN (SCH) S 183t HF v WE&S AEshs 42 4 (2.5)9 £
&1 = EsnowSCF + (1 — SCF)gy . (2.5)

714 gsnow = A FEH FFo] WA (Snow and ice) ¥ W] WEEOIM, g &

VCM A (2.1) & ol gato] AEE WEe vy,



Table 2.6. Land surface emissivity retrieval algorithm output data.

Variable Attribute
Product name | Type Name Value
LSE038 short long_name AMI L2 Land Surface Emissivity 3.8 um
_Unsigned TRUE
_Fillvalue 65535
Valid _max 1000
Valid_min 0
scaling_factor 0.001
add_offset 0
units none
LSE087 short long_name AMI L2 Land Surface Emissivity 8.7 um
_Unsigned TRUE
_Fillvalue 65535
Valid_max 1000
Valid_min 0
scaling_factor 0.001
add_offset 0
units none
LSE105 short long_name AMI L2 Land Surface Emissivity 10.5 um
_Unsigned TRUE
_Fillvalue 65535
Valid_max 1000
Valid_min 0
scaling_factor 0.001
add_offset 0
units none
LSE123 short long_name AMI L2 Land Surface Emissivity 12.3 pum
_Unsigned TRUE
_Fillvalue 65535
Valid _max 1000
Valid_min 0
scaling_factor 0.001
add_offset 0
units none
DQF _LSE byte long_name AMI L2 Land Surface Emissivity 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 — climatological values are used due to
the auxiliary data error
3: abnormal — exceeds the valid range of LSE
4: abnormal — climatological values are used due to
the persistent cloud

18
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Fig. 3.1. Spatial distribution of (a) Himawari-8 NDVI maximum value and (b) Fractional Vegetation Cover for
selected period (August 12-19, 2016).
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Table 3.1 Comparison results of the land surface emissivity data between Himawari-8 and MODIS (MOD11C2
collection 6) for selected day (September 16, 2018).
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Fig. 3.5. Spatial distributions of 4 channels of GK2A land surface emissivity for the selected day(July 28,
2019).
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Fig. 3.7. Spatial distribution of differences between GK2A and MODIS land surface emissivity on July 28,
20109.

L

GKZ2A$t MODIS Ax¥ WEE A9 32X s 8= Fig. 3.7°] YRt Ad
11(8.7um) W& A Qe Uz YL (3.8, 10.5, 12.3 um) o= GK2A N & W&
£°] MODIS W&&xtt v AEE 53] Ad 73lA s Alety doiAea F
WEE Ao]7t —0.08 ooz Hol7h FrH T W AE 11 E T B

AbEEA S A 93 YA A Fod GK2A A %W WEEo] MODISHY & o=
]

i

o
=

2/

22
=

= O

H 20199d 7¥€9RE 99 8A7tA Axnd HE=ES

=
W v AT AAskglon ofd tigh g Ay

il

[éfl-'«
A
<
i)
o,
S
=
fol
1o
e
(o2
Mo
of
S
14

AHE3ke] MODIS A%

Table 3.2¢} 7t}
26



Table 3.2 Comparison results of the land surface emissivity data between GK2A and MODIS for three months
(July, August, and September 2019).

MOD11C2 MYD11C2
Month
# of pixel Corr. bias RMSE | # of pixel Corr. bias RMSE
2019.07 | 1,685,388 0.576 -0.077 0.102 1,690,683 0.583 -0.078 0.102
Ch.7
(3.8 2019.08 | 2,038,729 0.653 -0.076 0.101 1,484,553 0.648 -0.076 0.099
um)
2019.09 499,361 0.691 -0.073 0.099 504,252 0.667 -0.073 0.098
Total and Ave. 4,223,478 0.627 -0.076 0.101 3,679,488 0.620 -0.077 0.100
2019.07 | 1,685,388 0.616 0.007 0.032 1,690,683 0.528 0.006 0.035
Ch.11
8.7 2019.08 | 2,038,729 0.631 0.008 0.031 1,484,553 0.554 0.008 0.034
um)
2019.09 | 499,361 0.623 0.009 0.032 504,252 0.563 0.008 0.034
Total and Ave. 4,223,478 0.624 0.008 0.032 3,679,488 0.543 0.007 0.034
2019.07 | 1,757,210 0.695 -0.004 0.010 1,765,021 0.682 -0.004 0.010
Ch. 13
(10.5 2019.08 | 2,129,941 0.748 -0.004 0.009 1,553,744 0.747 -0.004 0.009
um)
2019.09 519,614 0.764 -0.004 0.009 526,699 0.756 -0.004 0.009
Total and Ave. 4,406,765 0.729 -0.004 0.010 3,845,464 0.719 -0.004 0.010
2019.07 | 1,757,210 0.440 -0.003 0.008 1,765,021 0.485 -0.003 0.008
Ch. 15
(12.3 2019.08 | 2,129,941 0.492 -0.003 0.008 1,553,744 0.539 -0.002 0.007
um)
2019.09 | 519,614 0.505 -0.003 0.008 526,699 0.545 -0.002 0.007
Total and Ave. 4,406,765 0.473 -0.003 0.008 3,845,464 0.515 -0.002 0.008
Agbdow GK2A Ax¥ WEEI MODIS Axd W& Ax 1 AdAss v
ol AHgE AE st AR AolstA vkt AE 73 1399 B9 Hlu S

27



o

AFEE 943 BAQe] AuAETE 242 0.62, 0.722 YERa ok skARE fd 11
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