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AAA oz AgHel Wes 59 i o 76%= Edl 5
Ho] &Aoo #3E EG YT FES T 2 =, Ak AT
5S B3 &3eh (L'vovich, 1979). B 12 Bl i 589
Fo YrletH, 53] A 5cme] Ax EY Fie tirleke] AR A<
Ao R Q3 w9 F a3ttt (Seneviratne et al., 2010). A& EF
FEEE AT FE £8 AA o AE w=H IAFE UFoF
= F03% d9ES 3t} (Trenberth et al., 2007). 3, =3 34
M= T H A A F3 ﬂ1°k HEALN YA E %< (latent heat) 2}

& A (sensible heat) JdUAE VrEe A= 7ot} (X3 9,
2022). o]#d EY FEEE A

239 A5 FAleltk (Robock et al, 2000;
Seneviratne et al., 2010; Ochsner et al., 2013;). £3], A&t B
W Ans g 94, HE wIHY 9 A d30 g 5 28 B
obA TPt Fad A WE F shtoln ol Az @ Wz Aol
A w Aok e S0en AF ew wae) Asdrhe hel EAw
o} (Martinez—Fernandez et al., 2016; Champagne et al., 2019;
Dominguez—Nino et al., 2020;). o]&|3t o]FE FH EYJ FEEE=
% B Aolel B wdol FFL AL 4
4 2ol AHA AFL WAW w9, WA B @ FF A4S 2

[e)
& 7)1% Hrto) wl$- =83 8 4o|t}t (Abdikan et al., 2023).
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A5 g Fasth AT Sdstel hE /5 WaE APE F5 wEs
Aege] AATL AR AgHE e, oo W ne D Axd A=
£ gHe] Azl sEuA Mg B4 sbsel EolAx Utk E
F FREE AW JUE AuHolw AEHOT sobd £ g B
GoaEstd Ax®, J)dolel wWE AR SR AH BEel Qo] ue
F8aT ol T olfE WAl FF A9 WA @ oy el B
gol AW FaNHT gov dold ARS o] §% EF £ P gy
2 5UHY A7 dFEHD drk B SRR 53 POt SMOS

=]
SMAP, Landsat & <, A3 E S o] &3 B ‘%”?3%01 yik-1a=ini
J= vhE ) Sy asiAE 1449 KOMPSATS &83k A= A9
= AAolt} (Tao et al., 2022).

A 2d A+ 53 4L 7Y

A A el Ao TS st BEY FE2 75 Wste] #
5l x4 ¥4 (Intergovernmental Panel on Climate Change, IPCC)2] 2}
AS AYste= AT 71$ #= A" (Global Climate Observing System,
GCOS)l &l 547FA] 4 7]% WS (Essential Climate Variables,
ECVs) & 342 SAEAE (Peng et al., 2021). Tao et al. (2022)<
KOMPSAT—-5 SAR(Synthetic Aperture Radar) @ Sentinel—2 <4}ol A
AEF B R Ade Agx HS d4E FdsaL, Lee et
al.(2022) KOMPSAT-3 %% A9} Sentinel-1 SAR O ZNE
EY FEEE AAst7] S AE ATE AU Wei et al
(2019)% SMAP®] tiitE EF i Al (36km)3} MODIS Aol A]
AF B9 5 A4+E AA3= Gradient Boosting oA 24 Eg 4
S FH3e gHHWE e digk 1km 33 G EY ES FF AES
3738kl Long et al. (2019)« T &4 HopdA A9 EY2E B
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1. AMSR—2 (Advanced Microwave Scanning Radiometer—2)

AMSR—-2& «E ¥ 5 A9 (Japan Aerospace Exploration
Agency, JAXA) 2] GCOM—-W1(Global Change Observation
Mission—Water 1)oll §AlE A4 F stz 259 di7], &, EY, 3l

T oY 3 89AE SAHsE d AREET o] A= GCOM-W1

Ado]l vhaleEl 2012 59 18Y o]FHE AEHow F9HI glom
AMSR—-2% T3t T30 A9 mlo]|a 235 o] &3l X9 o
A HEEE A AZE SAHI. ol EI U] T FEV], RS, A

T, EY TEE, W 59 4E deofo] Jhesi

AMSR-2% A A3 oF 700kmol A who]a=2y W& 2 A =
AestA ZAsH AMSR-29] <HEHUE 1.5%0] 3 WA 37 a}o]
1450kme] Helol AA dHeolHE SR olYy3 wiAUSEE
AMSR-2% 2¥ntth A 979 99% o] 3= AWt 7 B ofgh tlolH
AES Am o] 7Fssth. ®g, AMSR-2 NRT AlFw2 94 &5
5 3A1ZF ofWiel LANCES &8 AM&A7F A 7hedh= 2
t}. AMSR-E/AMSR—-2 Unified Level—-2B 57 A% AMSR-E$}F
AMSR-2 HlolE|& Adste] &7] Holy 7|55 A&t o] Holg Al
Eo)+= 25km Equal—Area Scalable Earth Grid(EASE—Grid)el] <123
Bz Awret A Aarst Aol A A4 (Normalized Difference
Vegetation Index, NPD) % E<F 221(Soil Color Index, SCA)S A}&3}

o] L1R(Level—1 Reflectance) ¥}7] 2Xol|A 3AlH EWH EY 7 F
AAE Egsle] At [O¥ 2-1]12 EY FEEE #S5SE
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2. ASCAT (Advanced Scatterometer)

ASCAT+= 9 54X = (European Space Agency ,ESA)olA &
Gt A EY T S0l AHEE = ‘ﬂ’q ]tk ASCATS #x%H

7V stk

ASCAT ESAS] EUMETSAT Alde] 717 9141 Metop 91748 Alg]=
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4 Ao wE HolHE T ol 54 A9 548 Az 1A

QAEv], dwrH oz 2994 39 F7)% AUt
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3. ESA CCI (European Space Agency Climate Change Initiative)

ESA CCIi= ¢ ARl Az 715 Wt figh Ze A Eo]
o ol 7]% wstel wEE of

2022 12€ 31d47HA9 delHE  ¥dkstar vk S, Triple
Collocation AnalysisE &3 9 =244 54 % ¥ 7tA7F A4
Az AdEser, EY & A=Y AdA /75 o & deidt. o
A oA EEe] AdYPAFoR ?

Combinedel] XgH=o] o™ HolHE il oA & AADR WHEsto
= 7 U= ol HIAE Alwsta Ak ol A 9] Ak T
AR A F A= https://github.com/TUW—-GEO/esa_cci_sm ©l4 &<l 7153}

]

9 7)1 A= “pip install esa_cci_sm’E AF&3le] pipE =3 A7} 7Fe5tH.

3. SMOS (Soil Moisture and Ocean Salinity)

SMOS* ESAZF 70dHst oA 7)uk x4 ©=
2 A BUE "] H4olr. EY
stk A9 R SAHS Algste] A FEEHA
of 7osl= AE HA o= JEEQIth. SMOS+ Microwave Imaging
Radiometer with Aperture Synthesis (MIRAS)#+= E A E ALE3H
t}. o] AlAE= 69719 ’“/\1712 ALg5te] theksl ZhwoA] 8k oledo] o
A AR Y] 1A ST G F417] e Bls) AEeA SA el Tt
sotH, ATt EHellA ‘/]‘J:‘E‘ nfol| 2y} HALA S A5t BEF S8
B dEel W ARE et 4 vk MIRASE 1.41GHz T3¢
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4. SMAP (Soil Moisture Active Passive)

SMAP2 NASA(National Aeronautics and Space Adminstration) ol 4]
G BEY S BS Aot 20159 190l AdEo] 20153 3¥

31UHFE Zsatolon Az WAL o] §dte] THA Q] e uE
As WskE SATORZA olF T AIRE AT ZWY EY FEREE
2~3dvttt SAHI}EE AAFHATE ol EY R wE A AA Wl
HFo] 7bssith. 4% HolEl= AT A A BEY iR ¥ES
FA38taL RUE "] 7bssith. SMAP XHL W EG FEEE 48
st SAst] wH AN, T B o, 7% W3t A+ B
thokal Hofo A 918 AW AFTS B own HAHT}

3
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£ Yeniy F2 94 AN S e 249 2448 xden
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5. A 994 2A% (Geo—KOMPSAT-2A)

Heer 94 2As3 = st &dF FAGY (Korea Aerospace
Research Institute, KARD oA 7§t o= 7|4 #=3 37 =
Hes 93 AAEHATG. Hr 948 2A59
Geo—KOMPSAT—2A 9o tf7], &%, A7 W 59
L4E EUHPE L 74 dSel 4o HolHE 3.

Fk AlA B AEE FAgE et 9148 2A5 = gieNl=e] 7
A4 T stHE, ik dEdA #A5S Fegith 2018 12€9ef A}
=

o2
U
o,

T L

PN
lpom, ol 7wto g F 52F9 7Y AEES AAteta v w3
At $14 2Aze] "@AlE 1A% 71344 (Advanced Microwave
Imager, AMD = o3} g gst #5o0] aoin=s
(https://nmsc.kma.go.kr/homepage/html/base/cmm/selectPage.do?page =static.sat
llite.introGk2a). [TL¥ 2—-2]= ¢k 944 2A% <] e ARE A

Aol
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t} o] AFA ALI AFE WAL Al AT E9o] (Kim and Lee,
2021)2 KOMPSAT—32t KOMPSSAT-3A 24 =% A8 7tssiy, &
Ak A7l A AT A 9S BG4S KOMPSAT-3A F &
AstE 2 KOMPSAT-3 G742 Al9lstaltt. o] dATtolA= & a9 9
47 glol, KOMPSAT—3/3A 973 KOMPSAT-5 SAR 4%
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s B Sl AR AlTehs AT RN A0 BEX 98 2}
2E AFEE] Al Aol #e AE B FREE AEStaz 9th
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T g He SAS HEd = dHolE ek AEo] 4% olWE g B
g tlo]H & ARgste], ®uh A&sA Blulstarzt &kitk [1% 3-
Lee et al. (2023)9] d-tolA A}g%E SAR 94 7|Hto = Eof 8 Al
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Water Cloud Model (WCM)
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T2 =Exp (-2.B.V..sec 8)

0% 501 = C(8) exp (D-M,)

Ot

Ol S M HO|IE M (H )
ol v A4 HE 94 (U TY)

T2 utE ke 9

O EQ AR 94 (HE T
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8:2old YUApz
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M,: £ 82 = (Vol.%)

C: X=H AHAT| et a2t Of7) H=

- D: HoIH A0l GHE LR £ HEol £9
2 8ol oip Yol A BEE 7w

[ 3-3] WCM (Water Cloud Model) AF&A] 9 o 7j# 4
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2. A& YA}%= (Surface Reflectance) A&

O_u

(Atmospheric correction) U4 EAINA 7| 94
FHS #5T o, Foh A1 7] JAel os F5E
Abh HHA Gt BAskE s RSt Aot F, tilE
sk Wlo] ARe o] gi7|E Fd AF= o]EstHA el we 4t

Holl Al FAke] o] A58 7] & E&l v

N
-

E{ol'
ol
r-“é i)

o} o)7] BA = oj7] Ad 9ALE (Top of Atmospher, TOA)9 A&
HEALE (Top of Canopy, TOC)7} &Agkt}. [19 3-8]2 TOASF TOC
BA4S Aes adolth. TOAE AA o=, HY JHAF 2%, +3 Hbg

T2 55 a8ste] AEEo] whEojx| il TOCE TOAY WAL 7]
9] E

Top of Canopy (TO!

(2= 3-8] tf7] A YFAL= (Top of Atmosphere,
TOA)Q} A WHALZ (Top of Canopy, TOC) 1}7
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[29 3-9]% o] A7l A&7 AF vt A5 Aegh 1ot
o] AFroll A ARES A3k BHAME AFE A]2~F] (Kim and Lee, 2021)2 4
EdolE ARESAT. A% RRALE
MODIS (Moderate Resolution Imaging

g5 959 olNow 7
Ao ot vy )
Spectroradiometer) $/do] SA3 S AFESISItE. MODIS 9142 U
HA] 5 Ao o 3 HeEsEs o

oﬁ
o,
bl
it
b
[kl

flo

7], A, A%, TE, 2247

T

U

3k 9otk MODISE NASAZF 7Hareh 33k A= 7] 2 AxE
H55tH Terra X Aqua 73l FEE o] &&Eth Terra 91432 1999
9, Aqua #1432 202250 BARE O] A 8L e F 9
Ae A= 1E9 HY 57 ARE Al o] AT ugE Ags A
Aoz #58 4 glvh. MODISOlA F&3 gtozne 7] F3 F+
(Aerosol Optical Depth, AOD), % 7]% (Water Vapor Amount), &
&  (Ozone Amount), ©thH7] %=  (Atmosphere Pressure)©]Tt}.
MODIS—0429} MODIS—-07 $1A HolHE &&3t3om, 53 MODIS 04
of W7] B 5 delHs 9E&F <aels (Deep—Blue algorithm)&
g-gato] A= HolHE AEstlith. HEF €aglE2 MODIS7 573
gk A9 1] AA dHolgol A Ao ThAE tee] ARE F=3
5, 7l T & Aol g di=rd AEE AASL ] T oollo®

545 2@t olF, cdozE Fd FAE Atste]l ] Fol

B AIEZE gAY [F 3-3]18 o] AFoa] A &3 MODISO) A
gebn g ke Ags Zolw, [1¥ 3-10](a),(b)E= MODIS ¢
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L, = Gain x (DN) + Of fset

Proa ~ Patm

T ()T (W)t

ol
P4,104 = TESUN,) cos 6,

Toc =
14§

Pros — Patm

T(u)T ()t

Gain and Offset are the sensor's characteristics, and DN is the

digital number.

p; represents the TOA reflectance on the satellite image band
wavelength, and d, ESUN;, and & represent the Earth—sun
distances, the mean solar spectral iradiance, and the solar zenith

angle, respectively.

Proc and pro, are the reflectance of TOC and TOA. respectively,
and p.. represents the intrinsic atmospheric reflectance. S is a
correction constant, and T(u.), T{u,), and &, represent downward
transmittance, upward transmittance, and the albedo of the

atmosphere, respectively.

[O3™ 3-9] X|®E ¥IALE AFE A|AE (Kim and Lee, 2021)

[E 3-3] o] AFoflA] ALst MODIS (Moderate Resolution Imaging
Spectroradiometer) mt2}o]E]

LD LIS Ozone Atmospheri
(Aerosol Vapor
. Amount ¢ Pressure
Optical Amount (cm-atm) (hPa)
Depth) (g/cm2)
MODIS 04 0.35 ~ - -
MODIS 07 - 0.43 1.2 1016
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[213 3-11](a)+= 20224 59 149 ##H9¥ KOMPSAT-3A 33t o
ol A3 WA A8 ks ste] At A4 A (Normalized Difference
Vegetation Index, NDVI) At& 53t EHolth, NDVIE -1914 +19
s 7HAAIRE, A ARG A, diiEo] H A4 Adie]r] Wi
of -0.2014 +0.8 Ate]9] gho] 7HE W2 WAR -0.3914%E +1.09
He2 Yepidh [23 3-111(b) & AHE3%E NDVI 949 #dl=H 3~

T ARE ARESte] AA A9
e FEoke] ARRSH] 8l B &S Faste]l Mask #lololE A=
stk o], NDVI g3 &&ste] Wy dololE Ah=sidlth. k=3t
HE eelofe] A™MES FolV] s =Ry 2EE] & 20m mve]
S A As7] 918 smooth geometry S 33}, [ 3—-12]1(a)
= NDVI®} §33k wE #o]ojo] ®&ol, (b)E smooth geometry 2
T EEY eI A" BEFolth viA e R, (o) (Ao (hE
AAFol AAE ZAANY Rgo]l ZAE Lot
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(b)

©

[Z2=™ 3-12] (a) NDVI (Normalized Difference Vegetation Index)2t
&g #g o]0, (b) smooth geometry A%} § == ZE2] 0]
AAE 25, (o) (@2 (b)E BAENE o, AA"E BAAXY 25
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3. SAR (Synthetic Aperture Radar) A}

3 =
A A7z st dlolE o] Tk o= AAAE EYEE 2
ol - F8&stth. SARE Hlo] gl oRttely Id ok AWg
72 4 9o o]y EHER A SARE A AT #HSF E AE #e
ool Al "EgHolth, o] AFME U mEYE $14<
KOMPSAT—-5 SAR HloJEE AR&slR oM, 20221d 54 2o #FF4H

7 9%

VV B 98 Aesgln, E%k FE AHE 4ol Qo VH A
&1—
=

5d0¢] #<J¥ Sentinel-1 SAR VH HF & /\]-B—*}Oﬂlj- H] =3k A7)
3 A}ﬁo} A, [TF 3-13]19 o] 71A A Algsh=

uf, 20221 5¥€ 1%, 20223 52

— g er i)
20229 54 5¢Y BEF EY Fukel dFSs T d APl fle AL
2 Felse] dA, HEEAY LAE HAxssgh. (19 3-14]% GEE

ol A A|&3t= Analysis Ready Data (ARD) Ho|HZE Yeldl Aoy,
GEEdlA A&stes el Ass 7|24 dAxE AAHS AX
ARD o & AlgH7] wZel A=aAdd vte 48 7hssivhs Aol
At (Mulissa et al., 2021). B8k EQF = A7 FAd Qo] o]
Aol o] Fst A FAEAT ARE A Al Abgete A

3 B £% AEE 430} FPEdn FeA 9
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Google Earth Engine

mn_

~ owner (1)
= users/jihyun/code
B UntledFile
R UntitedFile2
B UntiledFile3
BUntiledFiled
B UntitedFiles
+ Writer
» Reader
- Archive
No accessible epositorie
- Bamples
» Image
~ Image Collection
W Clipped Composite
W Expression Map
& Fitered Composite
LnearFit
i Simple Cloud Score:
& Animated Thambnai
& Landsat Simple Composite
» Feature Collection

De~vn

+

@ Search places and datasels

S )

lck Refresh to check again

(19

omg
| T O o P |

Useprint(...) 1o witeto this console.

= IageCiol lect on CIFERNICUS/S1_GRD (1 elenent) s

0087
Verston oA B

bands

i ~features: List (1

11 var sel = ee. Inage(sentinelL sort('systen:t s G L /510108108014 2S5
12 var selW = ee.Inage(sentinell. yssen:t
13 var selVH = ee. TnogeCsentinell. sort('systen:t

14 vor cothngle = o6, Lrmga(sencirei L. sort(-systance

vor senticel = e TogeCllectont
terdata "2

ine(sentinel1);
Vop.addLoyer

S MK e ST
—

3-15] GEE (Google Earth Engine)oA] A|-&5t=
Sentinel-1 SAR Analysis Read Data
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Al 1 A SMAP (Soil Moisture Active Passive) G4+

AA AR el AW B i AEE Ayl HIE nuES 9
KOMPSAT-5 €A 943 L3 Ixel 202239 59 240 =
SMAP Level—-3 943} Level-4 A4S U2 E=3to] &5 45

o7 wlustaza ATk EF, Level-3 JALS  gA Ao
>
[}

SMAP Level-3 914 94& A 2 thsh= a7 oln, (b)+= NASA
Earth DataolA A|&3stal = SMAP Level—4 3A4o] 2 &o|t},

—

[Z1¥ 4—2]% GEEolA] Al&w-& SMAP Level-3 44 AA] A7
A Aol grA EAISEe] ks vERd adolt) A AFH e &
Sl= SMAP Level—39] g2 0.2769%= el

[1¥ 4-3]2 NASA Earth DataolA A|&3FaL A= SMAP Level—4
HFo A AA P2 JErd "o, [119 4-4]%= SMAP
Level—4 9745 A A7A ol 2A HAst] Hghs veEbd 170
. AA AFA e dFEE SMAP Level—49] HA e 0.2682%

Level-3 343} 7] $A% £ S8 F3ake ehln vk
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Surface and Root Zone Soil Moisture MOIETUAE
Analysis Update, Versian 7 (SPL4SMAL)Y
SMAP L4 Global 3-hourly 9 km EASE-Grid  #4m2kn 1L MOISTURE | SURFACE S(0IL
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[1" 4-1] (a) GEE ARDE &85t SMAP Level-3 94 G4 4A1 &
Oh#+=E, (b) NASA Earth DataollA] A|-&5= SMAP Level-4 J4t
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[2™ 4-3] NASA Earth Dataoll4] A&t Q= SMAP Level-4 A NA &
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Al 2 A SMAP 343 AW B FEE vu 23
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= ZAo2 Yelwt ol Hajj et al. (2017)9] 35 7|wro = 3lal 9l
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ABSTRACT

The Study on Soil Moisture Mapping using KOMSPAT-3
Optical Image and KOMPSAT-5 SAR Image

Lee, Ji—Hyun

Major in IT Fusion Engineering
Dept. of IT Fusion Engineering
The Graduate School

Hansung University

The accurate estimation of soil moisture wusing satellite
information is a crucial research topic in the field of remote
sensing applications. In this study, the goal was to calculate a
more precise soil moisture map for a demonstration area using
high-resolution satellite images from KOMPSAT-3A and
KOMPSAT-5. Additionally, for accuracy verification, the obtained
soil moisture data was compared and analyzed against soil
moisture information from the Soil Moisture Active Passive (SMAP)
satellite images provided by the National Aeronautics and Space
Administration (NASA). Moreover, to estimate soil moisture in
agricultural and forestry areas, domestic land cover data provided
by the Environmental Spatial Information Service was applied in

the research. The demonstration area was chosen in the flatlands
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of Gimje, and a soil moisture estimation algorithm based on the
Water Cloud Model was used. Synthetic Aperture Radar (SAR)
images used in this study included VV polarization images from
KOMPSAT-5 and VH polarization images from Sentinel-1. Optical
images from KOMPSAT-3A were also used, and surface reflectance
correction was performed. The calculated soil moisture results
were compared and analyzed against SMAP Level-3, Level-4 data,
with Level-3 images utilizing Analysis Ready Data (ARD) from
Google Earth Engine (GEE). The comparison results showed a high
level of agreement, and this study suggests the possibility of
producing highly accurate precision soil moisture maps in the

future using satellite images and public data in South Korea.

[Keyword] KOMPSAT-3A, KOMPSAT-5, Sentinel-1, SMAP, Soil

Moisture Estimation, Google Earth Engine
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