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List of Acronyms

ATBD Algorithm Technical Basis Document

AWS Automatic Weather System

AVHRR Advanced Very High Resolution Radiometer

BRDF Bidirectional Reflectance Distribution Function

CMDPS COMS Meteorological Data Processing System

COMS Communication, Ocean, and Meteorological Satellite

EROS USGS/Earth Resource Observation & Science

EUMETSAT European Organization for the Exploitation of Meteorological
Satellites

FVC Fraction of Vegetation Coverage

GIMMS Global Inventory Modeling and Mapping Studies

GSW Generalized Split—Window

IGBP International Geosphere—Biosphere Programme

HYPS Hypsometric Methods

LOWTRAN Low Spectral Resolution Transmission Code

LSA UEMETSAT/Land Surface Analysis

LST Land Surface Temperature

LUT Look—Up Table

MCLST Multi—Channel Land Surface Temperature

MODIS Moderate—resolution Imaging Spectro—radiometer

MODTRAN  Moderate Resolution Transmittance Code

MSG EUMETSAT/Meteosat Second Generation

NDVI Normalized Difference Vegetation Index

NEM Normalized Emissivity Method

RTM Radiative Transfer Model

SAF Satellite Application Facility

SEVIRI Spinning Enhanced Visible and Infra—Red Imager

SZA Satellite Zenith Angle

TES Temperature Emissivity Separation Algorithm

TIGR TOVS Initial Guess Retrieval

TISI Temperature Independent thermal infrared Spectral Indices Method

TOVS TIROS Operational Vertical Sounder
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o] &3t Ab=EstA #

2 AFoA = Aol EYH Ao wERE AR e M S dAlE HEES A
A8k Valor and Caselles (1996) 2] VCM (vegetation cover method) WS
Stk o] WS #HAl w=¢ MODIS I#°|lyr EUMETSAT/LSA (land surface
analysis) ZIollA AFgsh= WO R v

&= &, X FVC+ ¢, x (1 — FVC)
(11)

9l Aol gz 7 AHEE (IR1, IR2) WEECIM, ¢, g, = 24 AEolA AWIE F7
of mE A4 (vegetation) ¥ EF (ground) & ) ‘%%%a vebd, ZF AEE 3 ol
e WEE X (look—up table)i EUMETSAT MSG (meteosat second
generation) o] Z€38 A 07 Peres and DaCamara (2002, 2005)°] & ZAAH 7
=  ol&siitk. o] W  FHest AWHyE {§3  IGBP  (international
geosphere—biosphere programme) 2] 177 A|W3 &Fojry, FEst (11)4 A Q= 3
= Fol FroAe AAE|E&E 2ust= FVC (fraction of vegetation coverage) =
Kerr et al. (1992)9] WHl< ol &3stom v o] AA4n|& ALtsid.

NDVI— NDVI,;

VO = v = NDVI (12)

max min

9 Aol NDVEE AVHRR ®+= MODIS #Fzo) e iz SAdHS 483t
T 169 F7E #AAdsk ARAFE YEebdY. NDVEL, 9 NDVI;, &
7]. /\U\goiu} :IIHQOJQ quJr /\]/\g ] 7(104 Oj\‘— Eo]:_/] /\l/\gx]/‘\g
dFolAeE A W EGoZRE S AYE 48 52 uE HEE
o] 7]1&9] HE=E A= g8 =L NAs Y (Peres and DaCamara, 2005). 0] HJ‘ﬁ%
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< %+% matchup database’} 79 ¢l Aotk webA & AFoAE HARGEE
(radiative transmittance model; RTM) ¢ 349l MODTRAN4E o]&3Fo] o] =}
25 e ARWULE AE duglES MEsdt (Kwak ef al, 2006; Suh et al,
2008; Suh et al, 2009).

MODTRAN4 e iR Rpste A 7] F38 9 BAMS = BAREAE AAbst
= Edolt}, mde2 0~50,000 o7 JhA WU A9, o 3t
MODTRAN= LOWTRANET} 2 g e AHEY g e
e Zoz HdAAJ] v Eile ola1 UVYE LS 20 2 A
LOWTRAN 7]Rbo] R xsty|o] glow Eapatet, -5, ¢l H] 59 S/Atsto] ¥4
Ao yHH. thFAtd AA A g E -k

shabar o, w715l et 74 AlAkS Beer Lambert BARAY =2 —’F‘é‘%‘:} A
5 o]

¢ l
R

Abeke ‘jo“é (lambertian)

functions) & &3] AFEE HAt. MODTRAN4A = correlated—k$} BRDFs&
Aggown ARt HStEE FAAI7IAL ok EESE BARAY 2o B oA AFEAb=
tropical (TRO), mid—latitude summer (MLS), mid—latitude winter (MLW),
sub—arctic summer (SAS), sub—arctic winter (SAW), U. S. standard (USS)<2] 671
71 712 d 3y A gol o] dS AFEE 4= Qlth H.0, COs, Oz, N20O, CO, CHy
of thst 6714 71921 7] FF71 A5+ vl%3ske] HNOs, NO, NO2, SOz, Oz, N2, NHs,
CFCEY &F71A%, &4, AW, Abe, v, <l kil Sof tist doj=& 2239 5
o 74 2SS EFeta glo] tefst s diE 5ARREE AAE 5 Sl

(Berk et al, 1999; http://www.vs.afrl.af.mil/).

ol M= AF sk vpel o] YA o] Tdale A48 BARR S AR % B oy
gt 7t Ad HEE, dV|sksel Y GAS/29dgEe] X¥E O] (FE 258 &
D)o AFFE, A, AA e AEd s S gtk wEbA 129
AXALEE &S] Y8iA = o)y st JdFaclEs Hush agsteiof sttt COMS 9
Aol Azt th7] T FF71el st a5 1st7] 918 MODTRAN4e] g 2lH 6712

Z1Eh71 2 o] ofye}, Al B35 A4E <l TIGR databased 98 A8 2 AM-sh 53
9 5o 1‘_1:_ M=z WAE TIGR AAEE ARSI 7lAE TIGR databasex & A tof o

af #5549 2311709 ti7] Z2ade E§eka iz, ZF A 43709 719k Sl thel &
L(Ta), 71, 571238 &%) £3Eo] Qlrh. 2311709 Hlo]H & COMS A& 5
Aow ZF AeM e S Aol 143 7ol 50% o]l 35970 €] AE R
= ﬁ‘ﬂé‘é‘}ﬂ ?Jao}oﬂ‘jf (Fig. 1). 18-G5 Atk WHS 914 Astd ez 5 oF
1.25km 7t4 02 Ag wE A2+l #AE look—up table (LUT) & WEY =
= s A}%é %71 Wl COMSS F4 A8 TIGR AH e 9/A % Fho] FoAw F
A Apol o] A”lE AlAFee] ZAMA o2 1A S A Sl
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Figure 1. Distribution of TIGR data according to the SZA used as an input
data for MODTRAN4 simulations.

AZAEE T/ 9 A weps WEEo] 27 Hﬂ‘i— of ¥EES aYE 1] 4
& IR1 AL WEES 119, IR1Y [R2AE HEH A5 7THAZ 20S FULL

AEWEEE e (1A 2m Aol AE EE, Ta) wek At Aeo] W ol

' W 713} opzke] AW So) Jgs melsty] 9lste] 7}
Ao A2 7% (Ta)E 7|2 ZE Ta—6K ~ Ta+t16Ke W oA 2K H4o=2 F
129419 kS AFg3eitt =, B Ao MODTRANA 59 A| Ab48 27 (Table 1)
o gy Zzgel 3597, ALY WEF 117, /enE 127, HES
331,7163) 9] BAIAGR 2 S35}

H
i)
k=)
kY
o
o N
ri
o
N

Table 1. Initial conditions for MODTRAN4 simulations.

Subject Condition
Atmospheric profile TIGR database : 359 sets.
Satellite zenith angle 0° ~ 50° (calculated value of each point)
1 :0.9478 ~ 0.9968 (intv: 0.0049)
Emissivity of channel -0.012< Ae <0.012 (intv.: 0.004)
e(IR2) >1, &(IR2)=0.9999
Land surface temperature Ta - 6K ~ Ta + 16K (intv: 2K)

= 7171739173 Al E - 10 -
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ol= A MODTRAN4 595 F3&}o] L2 HALgk
T2 Agksit)

ftlo
G

2ae] PG Aol HEL

2hc? he 1

B\ = ‘ 7, -
A A2 (eha/kT’*Af —1) A RN 2hc?

(13)

oA71eA i = AL)AE (IR1, IR2), » + EFA4T (6.62617%x10-34 Js), k +
=1k A (1.38066x10-23 J/K), ¢ & % (2.99792x108 m/s), B, © A
St BAMS E gto = @9l J/ssrem2-mo] T,

2 Aqdeld wE R Aol BAEe dRE7E vE2EA EA8] b
A 5

1
-

R
(]
<
oﬁ
=2

1o
ox
B
bl

40 I g

EgARE Ao R RHE T=3 2% 7HsH7] Y8l COMSQ IR1, IR2¢ &3
33884 (spectral response function) ZtS 2 €3ttt (Fig. 2).
IR2 IR1
1 —
: -
2 08 | _
0 -
c
=
L L
2 06 [ ]
: -
[=]
j=1
m -
& 04 | .
= [
g [
® o2 | ]
) L
[ = R — e MR B . P
750 800 850 900 950 1000 1050

Wavenumber (cm'1)

Figure 2 Response function of IR1 and IR2 channel of MTSAT—-1R,
MTSAT-2, and COMS.

olgdA ArEd RO AR AS 2o Al AWEdd ARxWULE e FAAY &=
T2 MINITABS o] &3to] Axw% <15 IJAATE AEsinh 2 (14) =
T AE Y 7 FF oAk A4d g, A HEE, skselA A= EE
B aejste] COMSe AgetAl fred AT Axd2® At dagsol
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=

N

LST=28.1469 + 0.8925 T}, + 2.0165A T+ 0.1272A T (14)

+2.3630(secd — 1) +58.0992(1 —¢) — 118.876 A«
A elA Fe= o= 2 A WwEE Ass AUADH 202 F ol&st]
ArEerith o] wf 1AH o R fé&ﬂ 2] M# (NDVD = AVHRR, MODIS 5 ° 2 %-E
A= A A AFARtRe] HoA] ¢ = A&3to] ZAAdsh AR FolH. AT =
< 3d (2004~2006) 2] GIMMS NDVI A= Hojx] dAAHE A Letar, &34
skl 159 F71& A AAAFE ol g3l NDVI,, 9 NDVI;, < 7—}7# Fol 7
start Ao Rt FAENS wef A HE gle Bkl ABATE rldt=
Row, G AT AHEE G NFOR B AT 445 ALIE 54 ¥
& &3 A&t (Zeng et al, 1999). Eok 7} AddE 9 Add *—;"cﬂjﬂr <l
ZE #9 FHEE Peres and DaCamara (2005)7F #Ast A& o] &skltt
(Table 2).

K
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Table 2. Vegetation and ground types and respective values of emissivity for the 17

IGBP classes.

Vegetation

Ground

IGBP Class

Type

Type

1-Evergreen

100% of Conifer 0.9968 0.9973 Mean of alfisols and spodosols 0.9696 0.9732
needleleaf forest
2-Evergreen 400 ot Conifer 0.9968 0.9973 Mean of alfisols and spodosols 0.9696 0.9732
broadleaf forest
3-Deciduous 100% of Deciduous  0.9923 0.9922 Mean of alfisols and spodosols 0.9696 0.9732
needleleaf forest
4-Deciduous 100% of Deciduous 0.9923 0.9922 Mean of alfisols and spodosols 0.9696 0.9732
broadleaf forest
5-Mixed forest e o Con%fer N 0.9945 0.9947 Mean of alfisols and spodosols 0.9696 0.9732
50% of deciduous
6-Closed Mean of conifer and ) 4945 () 9947 100% of aridisols 0.9679 0.9724
shrublands deciduous
7~Open Mean of conifer and ) 4045 () 9947 100% of aridisols 0.9679 0.9724
shrublands deciduous
8-Woody 40% of deciduous + ) o914 9917 100% of aridisols 0.9679 0.9724
savannas 60% of Grasslands
9-Savannas 20% of deciduous + ) 591y ( 9915 100% of aridisols 0.9679 0.9724
80% of Grasslands
10-Grasslands ~ iean of green and ) 5507 () 9913 100% of aridisols 0.9679 0.9724
dry grass
11-Permanent  EE 0.9926 0.9916 Same 0.9926 0.9916
wetlands 50% of green grass
12-Croplands 100% of green grass 0.9948 0.9966 100% of mollisols 0.9727 0.9779
i Urban 50% of Mixed Forest 33% of construction concrete
. + 0.9926 0.9930 . 0.9575 0.9710
and built up 33% of paving asphalts +
50% of Grasslands . .
33% of roofing shingle
14-Cropland 33% of Mixed Forest
i}lituergltion 33% of Grasslands + 0.9934 0.9942 100% of mollisols 0.9727 0.9779
& 33% of Croplands
15-Snow and ice ?f:an of snow and ) ga95 () 9667 Same 0.9895 0.9667
16-Barren or . ..
sparsely 20% of deciduous + 0.9910 0.9915 Mean of sandstone, aridisols 0.9478 0.9659
80% Grasslands and sand
vegetated
17-Water Mean of sea and 0.9904 0.9863 Same 0.9904 0.9863
fresh water
= 7F7178-917d Al H - 13 -
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Figure 3 Scatter plots of estimated LST (ordinate) and prescribed LST (abscissa) according
to the day/night time

Fig. 42 E2o] A A3t 7|+ A EWL2% (reference T)el thgh AW Q)
duE]Eo R LAY FAHY AXHLE (estimated T)9 HO| (bias)ol that 3]~
agFoltk. |l Fx7F yFE £4% ojulel WHYR F¥sa AT fiA|AH o R =
25 ool FA EESIL Stk F30e] B¢ Hare]l 0.08KE Ol 7FgaL opzte] A
- Fxrel nlEl] ko] AAE Holu FEAE 1.14KE ZHA YRRt
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Figure 4 Histogram of bias between estimated LST and prescribed LST according to
the day/night time
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Figure 5 Distribution of RMSE according to the variables which have

effect to retrieve LST.
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Figure 6 Flow chart for the LST retrieval process using satellite data
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X¥H257 AgAog Ab=o] Hw 128, =39 g (LST < 223K or LST > 343K)°
2 AEEHE 647 AFo] Ha, AEW 257 AAHOR AE HAAR Hdo 93
g7t Yol HE stae 8% AFstth §X 3tA T FEY e & odw
A% (cloud mask / fog):= Z+7z} 329} 1602 A %3l

=5 vhof] Fx)/8%Fe] & ¥

3FA 9] gho] FRekA] ol AFHM2E7F AbEo] HA X A9 9l wekA Zt

7z} 49} 25 Fojst=d, e w FEE A T 4%, TFE9FH M, kol
= 2o =

old Ao A WEE missing Hl 73 =} = 2% ¥AIEE o
ok wEbd Ao g AEE NEWHEEE QC flag7h 1289 A$-2, ARHLSLE 7
S Alel= QC flag7t 128 <1 stael djs|A vt g 3ftofof sttt

WEE AMES Y 2es Ase XS, A E 25, 2 4 A AEe s &
o) M Hol EE Asolth AW E B5 9 FAEES A ExtE S 9
A= ek FA HE AAAST A5V Zestth 27 A EE AR AE o &

H A AR AFH = USGS/EROS (Earth Resource Observation & Science) oA Al &
3= AVHRR 1km A+ 949  zzoltf  (http://edcsnsl7.cr.usgs.gov/
1KM/complOd.html). o] A AAGF A5+= A7+ Ao tisf 1 kmY 31’3]1"“: A4S A
SoFAINE 27 2] 7]7ke] 1992 4€ 1dHFE 1996 5€ 2147kA 10Y 5719 Ak
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theket dRloll os Aol el A2 Wdshy] el vy el B8 Ase ¥
Ao AHAPRE A= thimstA] xerh mepa 71E Ndr]es 7Nt R HE A A
T AEE ol &3 A AT Fd WEE ARE At

WEE A5 BAS Sl AFEE AAT AR 200495 2006704 3d 7R 156
el F7] AT+ 99 GLCF/GIMMS (Global Land Cover Facility/Global Inventory
Modeling and Mapping Studies) AF&°]t}. o] A& += 1981dHFE 20063 7FA] 25W3H)
AVHRR #=pzo dfafl 27, 1A x B W ooj=F 5o & trjavd s AAst
o A)ZHt GLCF 3 o]#] (http://glcf.umiacs.umd.edu/data/gimms/) S E3] €A W

o s g vk AV SAE G AT AAEA ARk HelA o] A
A

= 2ol AN I Skm 2= AIE EEsta itk CMDPSolA &4
sk e E]l 4 kmE FHoH] ol FETo] o A A folA o] AEstAY thA
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Nabonal Meteorologicsl Satellive Centes

Figure 7. Sample image of NDVI (2nd,
June).
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Natonal Meteorologics! Satellite Centes

Figure 8. Sample image of FVC (2nd,
June).
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- Urban and built-up land

Dryland cropland and pasture
Irrigated cropland and pasture
Cropland and natural veg. mosaic
[ Deciduous broadleaf forest
Deciduous needleleaf forest
Evergreen broadleaf forest
Evergreen needleleaf forest
Mixed forest

Grassland

Shrubland

Savannah

. Barren or sparsely vegetated
B Wetland

Snow and ice

Bl Waterbodies

¥ Tundra

Figure 9. Spatial distribution of land cover over CMDPS full disk.
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Table 3. Legend of land cover code used for the emissivity estimation.

code Description (land cover type)
1 Urban and built-up lands
2 Dryland cropland and pasture
3 Irrigated Cropland and Pasture
4 Cropland and natural vegetation mosaic
5 Deciduous broadleaf forest
6 Deciduous needleleaf forest
7 Evergreen broadleaf forest
8 Evergreen needleleaf forest
9 Mixed forest
10 Grasslands
11 Shrublands
12 Savannas
13 Barren or sparsely vegetated
14 Wetlands
15 Snow and ice
16 Water bodies
17 Tundra
-9995 Space area (outside range of earth)
-9990 Missing value (eg. antarctic)

Fig. 10 VCM &a1g]&+
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Table 4. Validation results of COMS LST using MODIS LST

Total Day time Night time

Corr. Bias(K) | RMSEK) Corr. Bias(K) | RMSE®X) Corr. | Bias(K) | RMSE®K)

CMDPS 0.97 6.38 8.59 0.91 9.29 10.42 0.95 0.76 2.52

Improved

A 0.98 | —1.64 3.12 0.96 | —0.93 3.08 0.98 | =2.98 | 3.21
g.

Fig. 113} Fig. 12+ COMS LST A& <darg]&9 7| d A3 Fof il F/okt HE
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TZEe) A A Aol ko] |ATE A2 A Ao #AGle] A YEFS o A Fell=
S AR Aol AR ow AL xoea Fe] HArE AA FE vE AHeA = &
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Figure 11. Distribution of difference between COMS LST and MODIS LST, used
original COMS LST (left) and improved LST (right) on day time(upper) and night

time (lower)
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Figure 12. Scatter plots between COMS LST and MODIS LST, used original COMS
LST (upper) and improved LST (lower) on day time and night time
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Figure 13. Sample image of LST derived from COMS data
(2, February, 2012).
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Table 5. Description of data used for LST retrieval.

. Dynamic IR1, IR2, Emissivity, CLD_mask, SZA
nput
Static Land/sea mask
LST © 223K ~ 343K
Sea(water bodies) : —9999
LST Space : —9995
Missing : —9990
128 . Normal
Output 64 . extreme value
32 . Missing by cloud
QC flag 16 . Missing by fog
8 . Missing by snow
4 : Missing by ocean
2 . Missing by error

Table 6 WE& A=

4= A Aol
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Table 6. Description of data used for emissivity estimation.

Dynamic NDVI : —=1.0 ~ 1.0
Input Static Emissivity LUT
Land Cover : 1 ~ 17
Semi_output FVC : 0.0 ~ 1.0
Output Emissivity IR1 / IR2 : 0.0 ~ 1.0
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