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Soil moisture content is generally accepted as an important factor to understand the process of crop growth and
is the basis of earth system models for analysis and prediction of the crop condition. To continuously monitor
soil moisture changes at kilometer scale, it is demanded to create high resolution data from the current, several
tens of kilometers. In this paper we described a downscaling method for Advanced Microwave Scanning
Radiometer2 (AMSR2) Soil Moisture Content (SMC) from 10 km to 30 m resolution using a soil texture and
field measurements that have a high correlation with the SMC. As a result, the soil moisture variations of both
data (before and after downscaling) were identical, and the Root Mean Square Ermor (RMSE) of SMC
exhibited the low values. Also, time series analyses showed that three kinds of SMC data (field measurement,
original AMSR2, and downscaled AMSR2) had very similar temporal variations. Our method can be applied
to downscaling of other soil variables and can contribute to monitoring small-scale changes of soil moisture by
providing high resolution data.

Key words: Soil moisture content, AMSR2, Downscaling, Soil texture
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91 %S SH= 5714 <lkolet (Hur and Choi, 201),
=35, 480 gt BAE SRk H9—fEI4 Fol
Sl ok T1elw Hylot A Aolo] HEAEE AT
SR 74ROk 5 chRl ShiofolA] ARl glom

¢

A 7 EUE ] Slojx :
T EuEte] A BEofRe] W @ UEE EE
Al o]Fo|R|AL Q= Ao] dH o, HolEHo]A 5 T
gk mjulgk Aot

Hl=-g HIESE ARl=oA= Y Eges #5396
of YAGAL 7S 0|83t Aol FA7F gs] o] oA
A Qlek 53], B W gt ko]l whE £33 (dielectric
constant)2}2] AHE/Jo] AAHIL, TRt A EgE 2} 4
Au] & whE WE7FsdE 71 vho| 2239} (microwave)
£ olg3jol Buslet olol dhet E 0] 530
1L @It} (Kim and Kim, 2011), 20023 AMSR-E (Advanced
Microwave Scanning Radiometer — Earth observing system)
AlA7F AQUA f1/doll HA =] o] EALE A 2 A5 7129
C-band EFTE AARE G5T 4 A H3em, 2012
of&= GCOM—-W1! (Global Change Observation Mission —
Water) 9/do] AMSR2 (Advanced Microwave Scanning
Radiometer 2) AlA7} GA=Elo] dA7A] &4 Fol At
T8 AMSR2 EFeE AtRE A5E0] Wl Yol 7HE-
ol E3ole &6kl C-band T571719] W54 A
oz Qlote AFHSARS HATYS Aok A=
7H3E Y o A (Kim et al,, 2015)

olof we} ZeloA] 914 B AR H-HAo|
Rt ohekRt A7 Mg o] «ar ik o] A, =™
71 ATL A0 AE 20099 AMSR-E AlA AREE 283}
SAAQL 914 B daelE i AlEke ' 2010
o= AN aE adste] darelEE NS I
= AARE ARE A A|LERE EE5e] AR | Fof
AloF oo thgt Bt HskE U EE 5131 (Oh et
al,, 2013), Hur and Choi (2011)%= 3ll'd S84 EFYX| A
A B=E 2137k (2004, 2006Y) ESFEARE 083}
o] AMSR-E EJrEARS] Al MEAds ASse
™, Kim and Kim (2011)-2 NASA®} VUA-NASAS] AMSR-E
soprrAag sl $HY Sy o) AAna
Aol v wEAS 35k Th ESF Kim et al, (2015)
AMSR2 B7F R ARE Y5ste] YRS B
o] Hol HAIH S a3l fol A= Wang et al,

ofy
o

(2009)- = HAFE] vl HE3E A2t o2 AMSR-
E Edoits 5T 23 AMSR-ES o] 83 B
=2 AA ol87Fs3t AAE AR Baskelon,
Jackson et al, (2010)2 NASAL} JAXAS] EQFREARE
t]=r9] 47l FrollA B Amet vt Auf, ofgt A
AzAoA= JAXA dareE]Foe], St Az oA = NASA
dare|Eoe] AriFer o Al#Agdo] Erkal siqlth E3L
Ye et al, (2014)2 AMSR2 3| =% W EQF=H-S MODIS
(Moderate Resolution Imaging Spectroradiometers) A|3E
H = ARE ol8sto] JAlglete] EgaEie A4St
Fom, I 9] thekRt A 7S o]8ste] 1 EYS
= A= e] S At thet AE7E =g o] $itt (Chauhan
et al,, 2003; Choi and Hur, 2012, Srivastava et al,,
2013; Wagner et al,, 2008), o]&|gt A3 AG-E0] o5t
Z2}e] Eokat 5 dargjEolut By IEal i
ofl Wk 914 B Apme) AL tiekalA) ke T
oI}, LRt $14 EQLE AR vho] Az} TS of
FoH H|E B AN B 2R Qo] B 7}
S whEe) 2Ud Axe] AR AL Bolssh et
A A TR WA B4R WEkE 440w 1}
ofel7] §I9l oz A ERE A Eoki AR
R} TtE A2 2 9] A4S (downscaling) 7F S-E T

weha] E o)l A= JAXA (Japan Aerospace Exploration
Agency) oA Algdhs FFEEE 10 kmo] AMSR2 B
T ARE BARES} A ASAQ wAA B Tl
Oo[EE ol-&sto] T 30 mE FAlStete] EYEA
= ARt B aael g e BEgE AmS A
sto] 11 84S wolaA} gk RG2S AlFEE Al
9t A= EfE wEEE] 1247 A F AMSR2 B
£ I3 Helol 2=l 477 A-olw, 7|7 2014
W e 1099 Aes B

Materials and Methods

AMSR2 EUE XtE & Atoil= 7|52 AMSR-
E (A= 12,5 km) HEo} AT 222l AMSR2 (GIAE
10 km) 2] & SMC (Soil Moisture Content) A== thATS
2 k3T AMSR2= A A9 7| $-Rste] §-83F HolE
£ AlFstaat GCOM-W1 9/l gAf=lo] 2012 59 &
AFE| Lo, JAXACA 2012 7THRE HolHE At
At (http://gecomwl jaxa.jp). =HEZE 4% GCOM-W1
/S AL 700 km Aol BEE 1450 km=z A0S
o] o]Fojz|aL Qlr} AMSR2+= AMSR-EEFE 7HA% Al
AEA 27 Al AdE F RS ke (6,925, 7.3,
10,65, 18.7, 23.8, 36.5, 89.0 GHz)& FAE]o] ¢lom,
AMSR-E®| Z3=|2] 99kd 7.3 GHz AdS 53 S8
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SATELLITE OBSERVATION

Brightness Temperature (7B) Latitude. Longitude,
10GHz (V. H) . 36GHz(V) and Observation date

l l /— MODIS NDVI data

Data source:

Terra/Aqua MODIS 16days, 1km ISIN
Sampling pomt: 0.05x0.05 grid
Resolution: approx. 33x33 km
“fc-model: Carlson and replay, 1997

Index of Soil Wetness(Koike.1996)

ISW = 4TE35H —Toon
B (Tyses +Toozr)

fractional vegetation coverage

F' z

(la1, lon, date) |
g 7

—— S

Polarization Index(Shimonetta,1998)

T =13
Pl = B1OV BI0OH . . .
Wi e Ve Radiative Transfer Model for
v '__\_\_\ vegetated land surface.
Look-up Table (LUT) LUT ( Vfe) Tz= {]jf:)TBb‘W + [Tz
(ISW, PI) =
> (SM, VWC) i R T jbare Tyvere
v
Soil Moisture (SM) ) ) B
\ bare soil vegetation
DATA PROCESSING ANCILLARY DATA OFF-LINE PROCESSING

Source : https:/gcomwl] .jaxa.jp

Fig. 1. Flowchart of the AMSR2 soil moisture algorithm.

Z7)2 42885}17] wjEo] RFI (Radio Frequency Interference) e e e e e
o Tt Garo] Phebel Zghe HET 4 ok (maoka ‘
et al,, 2010), 53], B W50 o]FoA= 6,925
GHz t)2}2] 27F B2 62 km X 35 kmo| L, 89,0 GHz
Bheto] B7b B 5 ki < 8 kmole, BEAIZHS Tj)
BANZEOZ A%57E (Ascending Path)oll ThE T30
1:30 P.M, o] o]Fo]X|1L, 317374 = (Descending Path)o]] tf
ok TS5 1:30 A M, of] FYET}, JAXA A AlgE= B
8 YareE Fig, 13 gt
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2% EoFE AlAL= 212y}l (100 MHz~1.0 GHz)Z o]

€3}= TDR (Time Domain Reflectometry) #4102 EOF Fig. 2. Distribution of soil moisture observation sites.
sl o fAE SR YRS A7) o
o} 3|2 Yo Al M A} Bl AR A|7|AE A7 AL a2 BEARR) At FHEY SEs sk =
2} (time difference, frequency count)® H3Fsloe] ¢jom, U SR E e g Qe 2= QYA Het, &, Edr=
HAE &3 AR vlart 7hssiel Aol AXE AlA
= 5o 2499 g BN RS YA BaY AnE
T ARl AEE AH oF 100799 B

mizoll 2ol 28 A wHUriA 712 A=A,
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Fig. 3. Soil moisture sensor (TDR).
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Fig. 4. Distribution of soil texture.

d AEE o] 83Tt (Fig. 4). EFHAPEALH S 5&

OH

ZHAMIEH S EAHRE o] $3 AMSR2 EORE
Ao] FHSE AL Fig, 59 2k, WA, AMSR2 E
PR AR EYSE VST AR, BERY JHE A
As 7, o, FUAR, A, AE, BAIYE 5 57
EEEAo] U} US|} AMSRZ EPREY AR
sty ERL EEEY RIS olgsiol AVSR2 &

PR ABE 5 BERYER BRI F 2 E4

AMSR-2 SMC

10 km

Soil Texture Texture
30m Classification

v N ¥ v
| | | Loamy | | | | Sandy | Silt
Loam Sand Sand Loam Loam
Regression| |Regression| |Regression| [Regression| |Regression|
Model Model Model Model Model
Layer Merge

AMSR-2 SMC
30 m

Fig. 5. AMSR2 Soil Moistuire Content (SMC) spatial down-
scaling algorithm.

AMSR2 EES BRG] 2-gateieh. FUHYE 10
km®] AMSR2 EJHE A=2E FIHIAIE 30 me] BEE
X BEES olgdtel ERhy, ol Aze] EEEAY
S HEGe] g HEE HF HEBS FHHYE 30
me] Eef4i HEEsL Htk

Results and Discussion

AMSR2 EE1 EAeR 2HEY XIR2| H|w
S UEte] AMSR2 EgE ARE BEEE UEhf|
Fig, 63} 2t} AMSR2 B4 Abae 10 km 37l =
2 AEE7] 2ol SAek Bieke] Eeka (mix cell) 7}
Aysto] Fig, 63 o] sfehdl FRofl mpA7) (masking)
o] ZAY3itt ulehA] AMSR2 EQRE AE7F SEu
2to] B BlE B4 # whdsha QleA] Ay
9J8ted, Table 13} o] ol FAE Aefet H= Ega=
V5T & AMSR2 B 5 W ol 3= 470 Al
ol S4gke ol8slo] 20141 3YHE] 10974 9] EF
T2 AAIE HEkE Bkl (Fig, 7).

1 AR, AMSR2 Aol 23t 20149 3¥~1049] A=
Bk EYS 7.62%%2 FHE A OY EgE w5
O3t Bt 23.41%2 UERY 15,79%2] 22 UERY
Uk, o]of o] AMSR2 /ol o3t Bt At
of vlste] JjHom NarAEe ATgE HAoH, o]
A= Kim et al, (2015)0] H3edt Aot AA3igicy, =
o A @A A (19.31%) > A (18.64%) > Hd
17.27%) > 745 (15.07%) > 9 (15.01%) > =5 (14.88%)
> 7 (14.79%) > 7] (13.80%) o= VEbylTh 12
T 2kELE AEFA 9= wAstg oy, o] A4 d
SHFolE AR UEht AMSR2 91430 23 EE
o] AA| B WE EAS sk Sl Ae®
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Table 1. Summary of soil moisture observation sites (continued).
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Fig. 6. Distribution of the AMSR2 SMC.
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Do Region Agro-Climatic Zone Texture

Daehwa-myeon, Pyeongchang-gun Taebaek Alpine Loam
Yeongwol-eup, Yeongwol-gun Taebaek Alpine Loamy Sand
Bukbang-myeon, Hongcheon-gun Central Inland Loamy Sand
Bukpyeong-myeon, Jeongseon-gun Taebaek Semi-Alpine Sand
Pyeongchang-eup, Pyeongchang-gun Taebaek Semi-Alpine Sand

Gangwon Inje-eup, Inje-gun Taebaek Semi-Alpine Sandy Loam
Hwangji-dong, Taebaek-si Taebaek Alpine Sandy Loam
Hwacheon-eup, Hwacheon-gun Northern Central Inland Sandy Loam
Wangsan-myeon, Gangneung-si Taebaek Alpine Silt Loam
Dongsong-eup, Cheorwon-gun Northern Central Inland Silt Loam
Hasami-dong, Taebaek-si Taebaek Alpine Silt Loam
Jingeon-eup, Namyangju-si Northern Central Inland Loamy Sand
Cheoin-gu, Yongin-si Central Inland Sand
Gapyeong-eup, Gapyeong-gun Northern Central Inland Sandy Loam

Gyeonggi Mokhyeon-dong, Gwangju-si Central Inland Sandy Loam
Bogae-myeon, Anseong-si Western Central Plain Sandy Loam
Gwangjeok-myeon, Yangju-si Northern Central Inland Sandy Loam

Wolsong-dong, Yeoju-si

Central Inland

Sandy Loam
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Table 1. Summary of soil moisture observation sites (continued).

Do Region Agro-Climatic Zone Texture
Yonghyeon-myeon, Sacheon-si Southern Coastal Loam
Jeongnyang-myeon, Hadong-gun Noryeong Estern & Western Inland Loam

Gyeongnam Daeyang-myeon, Hapcheon-gun Yeongnam Inland Sand
Sangnam-myeon, Miryang-si Yeongnam Inland Sandy Loam
Chojeon-dong, Jinju-si Southern Coastal Silt Loam
Omi-dong, Yeongcheon-si Yeongnam Inland Mountainous Loam
Seonsan-eup, Gumi-si Yeongnam Basin Sand
Yecheon-eup, Yecheon-gun Yeongnam Basin Sand
Uji-dong, Mungyeong-si Yeongnam Basin Sandy Loam

Gyeongbuk Seokpo-myeon, Bonghwa-gun Yeongnam Inland Mountainous Sandy Loam
Chosan-dong, Sangju-si Yeongnam Basin Sandy Loam
Cheongsong-eup, Cheongsong-gun Yeongnam Inland Mountainous Sandy Loam
Yangmok-myeon, Chilgok-gun Yeongnam Basin Sandy Loam

Jain-myeon, Gyeongsan-si

Yeongnam Basin

Silty Clay Loam

Gurye-eup, Gurye-gun Honam Inland Loam
Jeonnam Hancheon-myeon, Hwasun-gun Honam Inland Loam
Jangheung-eup, Jangheung-gun South Eastern Coastal Loamy Sand
Gurim-myeon, Sunchang-gun Sobaek Mountainous Loam
Gosan-myeon, Wanju_Gun Sobaek Mountainous Loamy Sand
Jeonbuk . .
Ibaek-myeon, Namwon-si Sobaek Mountainous Sandy Loam
Jangsu-eup, Jangsu-gun Southern Charyeong Plain Sandy Loam
Duma-myeon, Gyeryong-si Western Sobaek Inland Loamy Sand
Chungnam . .
Bujeok-myeon, Nonsan-si Western Sobaek Inland Loamy Sand
Namil-myeon, Cheongwon-gun Western Sobaek Inland Loamy Sand
Okcheon-eup, Okcheon-gun Sobaek Mountainous Sand
Bongyang-eup, Jecheon-si Central Inland Sand
Chungbuk
Ochang-myeon, Cheongwon-gun Western Sobaek Inland Sand
Soi-myeon, Eumseong-gun Western Sobaek Inland Sandy Loam
Heungdeok-gu, Cheongju-si Western Sobaek Inland Sandy Loam
HEEEYH EUrE #AIAS 0|8 SZHeME Eof glo] BRtHeR A%AQl s Ushia
AMSR2 BB 7o A HAS 9j5le] 2014 3 e AT = Uk o9} o] REEAS JlRt 4
L~1099] UTHY] AMSR2 EFE A2} BEpE 1= 71He] 282 B3l Bl TR A
o] 477 A A&2S 0]83}o] Table 29} o] REE 2 ZRlo] 7+ W MlEs = o= 4

[

Zol] BE
Aol W2 AMSR2 EOF=Hu} Al=X]9] 3L 2HAJs)
qAtt, Eat o] F o] gsle] REEAS 1ejg AMSR2 B
ENT] z].ﬂ_,] .1_7]-/Rl—/\ﬂﬁ—~ _/;: skt

AMSR2 =% k%“—‘ﬂr Xh?aOﬂ EH?‘{P FHREE 2 J&x
dov] AN M} o] FrHEEo| tigt vl 2AL 9
&) Fig. 89 20144 89 19J9] Bkl FRTEE ©A]
Shlet. Fig. 89 (a)o} (b)L 715:—94 {P*SH*JE 10 km®]

ZF LhEF

Wtk AA|EEE A= 7]24 AMSR27} FASHA] F3k 3
30| Bt 232 viefo] 7hssh, A or AdAeket

S5 EYT Y %%7} E}i B3l oL AR AT} =
o A B P A UEb ey AMSR2
Bt Abz o] EAst et FH O mkAF) (masking)
A2 FAIEE A=A ookl 15
oAl skag 1He] EdLo] WAsh=
ol 10 km 9] FZHAER Qlsto] theFet
LFo] Shavof 23hE= E3FekA (mix cell) 7} Yol Ao g
ke, oo tigt F7HAl A7t Bast

e

10 km 3}40] A
397} Vehdt,
BXEA o] 5]_

Zos ek
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Table 2. Regression model of soil moisture using AMSR2 and field measurements.
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Texture a b RMSE N
Loam 0.457 24.395 0.216 1190
Loamy Sand 0.644 16.811 0.126 1360
Sand 0.419 15.984 0.098 1530
Sandy Loam 0.291 21.083 0.201 3060
Silt Loam 0.116 24.554 0.611 850

SMCricls = a X SMCawmsr2 + b
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Mgt M, = AMSR2 EAE1 EAFE 2HEY

Xtzo| Hlm At 235 H71st7] f1sto] AMSR2 4

Alst A% 9l Bk BEY A= AAE HEHE v

EAEIGIT) ol& flsto] 871Ut (2014 3€~109) 2] A

AGE AR5 Uﬂl Fig, 99} Zo] BEE IS A=

£ 7R EYE 2310 AA|E HSkE Blaste] g
= ﬂéﬂsbﬂl}.

7 Az, AAsE 7 AMSR2 EofpEe] Ao
20149 39~10¥9] A= et EYES EGw S
I} wlarske] 15,79%2] 225 UER AT, AAAISt o=
2.12%8] A= UEhfo] Auirlom a7t askgict
(Table 3), T3}, A HRE Pt 13.46%2] 27} 7haa}
o REEAS 13 ZAMAIS & AMSR2 B9
HAo] o]Fo] He= &Rl 4 Sl

F‘ig 102 F7PIAISe] 2 ZEEAYE RMSEQ] A 1

Hstolt}, AMSR2 Efa-it ARo] FHIAIEE A,
?ﬂ% 1 RMSE= 17,40%011 4] 7.42%% ©F 10% @is}Mu}
(Table 4), E3t, EAY RMSE FAZ S OFE (14.92%) >
u|A}E OFE (14,09%) > ARFE (10,29%) > SFEALE (7.28%)
> ALE (4,82%) 22 YEI} ALE 9 OFHALE Hil= 9F
E 9 oAb RN AN A Uehth whebA
HE E/Jo|lA RMSEZ} 10% o]et= U 2 A-FollA] A
Rt REEAS IRl SXMIAIEE 7o) FRbe =]
S7HET ofy e} EQkE o) Y Ak w2 Zlo s e
sk webs o]F olgste] fejuete] Il B &
S APPehH 2 A d B o] HolS welsh=t|
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Conclusion

. 5Lof| A= JAXA (Japan Aerospace Exploration Agency)
of| Al Al sl 7T 10 kmo] AMSR2 EOFHE 215
= B4R} d?g} Al22]0] AR ESf=H glo|EE o]
= 30 mE AMA|EEO 2 A EFEAS 11
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Fig. 9. Time series of different SMC Enror between AMSR2 (original, downscaled) and field measurements.

Table 3. Comparison of soil moisture contents enor.
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Fig. 10. Time series of different RMSE at each soil textures.

Table 4. Comparison of RMSE (%) in soil texture.

Texture Loam Loamy Sand Sand Sandy Loam Silt Loam
AMSR2 (10 km) 20.74 15.95 13.5 17.47 18.86
AMSR2 (30 m) 5.82 8.67 8.68 7.18 4.77

Variation 14.92 7.28 4.82 10.29 14.09
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