Journal of Korean Society on Water Environment, Vol. 32, No. 1, pp. 60-69 (January, 2016)
pISSN 2289-0971 eISSN 2289-098X  http://dx.doi.org/10.15681/KSWE.2016.32.1.60

[lo

HEANZE

o|&st

Soil Moisture Estimation and Drought Assessment at the Spatio-Temporal Scales
using Remotely Sensed Data: (I) Soil Moisture

Yongchul Shin” + Kyung-Sook Choi » Younghun Jung**’T -Jac E. Yang~ - Kyoung-Jae Lim

*Department of Agricultural Civil Eng. Kyungpook National University
“Water Resources Research Center, K-water

***Department of Biological Environment, Kangwon National University
****Department of Regional Infrastructure Engineering, Kangwon National University
(Received 2 December 2015, Revised 28 December 2015, Accepted 29 December 2015)

Abstract

In this study, we estimated root zone soil moisture dynamics using remotely sensed (RS) data. A soil moisture data

assimilation scheme was used to derive the soil and root parameters from MODerate resolution Imaging Spectroradiometer

(MODIS) data. Based on the estimated soil/root parameters and weather forcings, soil moisture dynamics were simulated at
spatio-temporal scales based on a hydrological model. For calibration/validation, the Little Washita (LW 13) in Oklahoma and
Chungmi-cheon/Seolma-cheon sites were selected. The derived water retention curves matched the observations at LW 13.

Also, the simulated soil moisture dynamics at these sites was in agreement with the Time Domain Reflectrometry

(TDR)-based measurements. To test the applicability of this approach at ungauged regions, the soil/root parameters at the pixel
where the Seolma-cheon site is located were derived from the calibrated MODIS-based (Chungmi-cheon) soil moisture data.
Then, the simulated soil moisture was validated using the measurements at the Seolma-cheon site. The results were slightly

overestimated compared to the measurements, but these findings support the applicability of this proposed approach in

ungauged regions with predictable uncertainties. These findings showed the potential of this approach in Korea. Thus, this

proposed approach can be used to assess root zone soil moisture dynamics at spatio-temporal scales across Korea, which

comprises mountainous regions with dense forest.
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Ho| Z7keA Atk E=W
T e FE EFE(Com-
mon Land Model-CLM (Oleson et al., 2010), Noah-Land
Surface Model-Noah-LSM (Ek et al., 2003), Variable Infil-
tration Capacity-VIC (Liang et al., 1994), &)°] 7= o]
AREEAL glo, o]HS BFES Z$ Global Climate Models
(GCMs) 28 & A AZE5FE dgstr] 98 A=A
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2. Materials and Methods

2 AFoME 153948 71¥e] MODerate resolution Ima-
ging Spectroradiometer(MODIS) ©]®|X] zt&9} Scott et al.
P APAS ol gstd FTAHLE HEH

s
e EFTFEE At EGFE AEF37]W(Shin

and Mohanty, 2015)& A5t MODIS 7|Wte] EGSE
oJH]Z|(500 m x 500 m)ZFE FHHoE EEFHA e
EZY AR 279 Sk ={a n Ow G Ka})
2 AE(k= {7, py zm)) WHHAFE HFIATY ESY £
ZEH/ A &) WNEFE YHAERE AMHSSHE one-di-
mensional(1D) HYDRUS (version 4.16, Simunek et al,
2013) 7%t A=E3H71H-2 MODIS o1 X|(ZF pixel)9]
AHE ARI7NA A ERP={ki, k), &4 DE EF
3] Al-ZF o ALFH U EGFEARE 2%
t}. Iteration Algorithm (IA, Shin and Mohanty, 2015)S =}
B3 dAlst A% 9 2o EYFE 39 Aol
7t AigEe FF9 MMEFPE EEFAT o8 9
g FEHFRZ)S Fitnesse 2 (2-3)F 2ok BV
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et al,, 2013). ID-HYDRUS Eg2 43 A5 EF] v
NEF(a, n, Ors, Osarr Kiar)), FEER Z 713ARE ol &
st 9 ESGFES St

80(z,t) oh(z,t)
= C(h(z,t))T )
ah(z,t)

L (1) (X2 1)

= Py —S(h,z,t)

A7 K: 8 AEE(em d'), h: ELFY GEFEF(-cm),
z: ¥ o], C: vEY FFEHem), D Shzr): B
=

o Q8 FFHE A EFFECem’ om0,

Tt

pr}t( ).Z<Zr

Z 4
0; 2> 27

S(h7Z,t) = am(fhz,t)

Journal of Korean Society on Water Environment, Vol. 32, No.1, 2016



62 MBH - zF= - Y= - LA - AN
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Fig. 1. Flow chart of the proposed approach.
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2 A)=(Feddes et al., 1978).

EYY FE84 452 van Genuchten (1980)% Mualem
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(em’ em®), a(-), n(-), m(-), 2 A():
o FAAF, D Ka: 3 A Tal =T,

HYDRUS EFA EFELS & 60719 o2 T4
feoem, T EF Zols AFHULZHE 500 cmZE SHATH
Z+ EYE2 2x0.5 cm, 2x1 cm, 2x1.5 cm, 12x2 cm, 4x2.5
cm, 2x3 cm, 4 cm, 6x5 cm, 4x7.5 cm, 9x10 cm ¥
1520 cm2 FA st Eg HYDRUS 239 ESE %
71ZZ(initial condition)Z 53 A3t H(bottom boun-
dary condition)2 77 A EHOZHE -500 cm & §FPL
W 27|23 AskrHd w9 AR JPgstAtt Fig 2
t ESSY WF Fx& Bogth

2.2. lteration Algorithm

2 dFA FHstE EYY k) 2 FEk) W
MAFE =&3517] 98t Modified-Iteration Algorithm (Mo-
dified-IA, Shin and Mohanty, 2015)& A&t 7]&£4
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Fig. 2. Soil column with the bottom boundary condition (GW
-500cm).
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Table 1. Searching ranges of the soil and root parameters for the Modified-Iteration Algorithm

a n Oes Oyar Kiar z o Zimax Iteration(I) Restart SD SEED
Min. 0.006 1.2 0 0.37 1.84 0 1 0
1000 3 0.5 -1000
Max. 0.033 2.1 0.163 0.55 55.7 200 15 300

SD: ¥F¥ak; SEED: F&9] W4 7] $X%k

2.3. HAEAIKIZ J|He] EYTEAME

Scott et al. (2003)2 HYDRUS E&dolX ELE2 Z 60
MY Foem FHsHen, & EF Zdole AFZHLZHE

500 cmZ StE T 4 EFEE 2x0.5 cm, 2x1 cm, 2x1.5
cm, 12x2 cm, 4x2.5 cm, 2x3 cm, 4 cm, 6x5 cm, 4x7.5
cm, 9x10 em ¥ 15x20 cmZ FA A TE = HYDRUS
239 EYS Z7|ZZ(initial condition) M5 Aot
™ (bottom boundary condition)2 Z+Z} A EHO ZHE -500
cm E P e x7|FZAL X]’é‘]-f,‘—ﬁiil]- Zd3 Ae=E 7}
3ttt Fig. 2& EYEY U FX2& EHFETh

R,G+H+)\E ®)
A=\E/(\E+ H)
9/9W exp(A—a)/b,a=1.0,b=0.421

A71A R,: AE &EAVHK(net radiation, [W/m?]), G: E
©] &4 o]E(soil heat flux, [W/m’]), H: t7|2 dst= A4F
o] E(sensible heat flux, [W/m’]), AET: Z¥ o]%E9 =
o] AMEH °ﬂL‘V] [W/m’]), ab: FXH A5 (curve-fitting
EdFE(em’ cm”), Ow: E3F AH E
OL/F—’?’—(cm3 cm'3), A: S (soil evaporation) H|E. MODIS.

949 ALE Table 29 Zth

parameters), O :

Table 2. MODIS information

Image characteristics

Values
86, 95, 98, 105, 155, 173, 219
Latitude, Longitude
Bands 1-7
(500 m x 500 m)

Land surface temperature
(1000 m x 1000 m)
Emissivities 31/32
(1000 m x 1000 m)

Day of Year
Coordinate system

MODIS
Resolution

A& 53719 =
ERNRAA EZF ELY FH mj/fdsgo] 2Qa
stk gy e @A F2E dAEsgs
A-BZE 9% AEke]l §171 W&ol "5 Okalhomaol
A5 & Little Washita(LW 13) A G9 AZzS o]

g3ty A28 & $£P39th Fig. 32 Pl Oklahomas
o 4 10}1 Qe LWI3 x9S Jehith
SEuete] 3¢ A" EYFE 3SR T3] AT

Ho ok FFoE EEEHo| 9l MODIS 7] EY
FE olvz] ARE A-EH5H7] 814 = MODIS AE9

AYES ekl 5+ 9t AZARE A8k AT A

.

kﬂr’W'

Fig. 3. The little Washita 13 site located in Oklahoma, USA.

SA7F 71wl ek 8 g A A3 (MOLIT, 2012)

= Ao Aok #92 F71= g4
Fol A8k glem 1995 F-E
A7 TEAM AldFger dFste] FEEA
£ S5t Aok Avkd g9 F9EAL 85 km’, #
2A% 58 km, @ FEAA 23%2 AFHA FEA F
doltt. A A2 S FH e AAFA Yo
o $9HHL 569.6 km, FE2AF 60.8 km, FI9FA=
17.01%°1th. FAFEHSZAIGAAHP)Y dfoz FEAS
on EAL 30~100 cm, EFZS AIYE
9 3}

[}

F AAA G AL FE F
o] de7t 433 & AYeltt. Aupd FAUdA EF
FE SFARL gt HEA 5 XA YA )
3 glem AbHe WAL ok 4000 mP oW HmLE FAA
Atde $1x)8taL Qlth Fig. 45 Avkd 99 ESTE
S8AFE YErdH ddF9Y J=% A 4H 37°
55" 25"9F 126° 57" 25"o|th. SFAHY AHEEZE= H
FHIY S97do] ¥ o ATz z‘v‘%‘%‘

Fze) Jlgele] Buke BRAE TR Ak F

ER7led ©E EFEH L Leptosols®2 T4 = ‘th—
F2H EYoltt. EAY ZHole oF 40~120 cm & R ES
Holw, A% ZAS Hlud 4 dFes Hole 54
£ Holx gt} FuA F9L FHEE ST FH YA
e Fad FEdde] AL e A Y AHO A
S H A Fig. 4). Artd Fo v EFFTY A=7
A3 FAA A ZYA TFH ok A8 AN
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3. Results and Discussion
3.1, A= A-2
MODIS 7]4te] EQ4H o]

92 ZE ARFE FE]

S27|He s

P ol ARE Ede Feled

m
A% AZEHNEY A8

Fig. 4. The Chunmi-cheon and Seolma-cheon sites located & 5] fste] LWI3 A9S Ad=&dth Fig 5=
in Chungcheongbuk-do and Kyungki-do. Synthetlc AZgIA F2E wiES 7Y =29 %k(water
retention curve: EFFESFITAS vehith 2,
dHo= AQTdel FRAHALE ExHo glon HAMGD 9 HEY 45 9 Rl EGFEIFIHE ]JJ—E’_ @
F olst Aol H2UT 59 EHFdol FEs + I gt EFESE BYghe] ASHes # wgste A
Asta Atk °2 ygtuth 28y FYAEE 2NN = R A
239 A28 Y2 Synthetic/AF FES 2FH9 EZ9] mogo] ASZHTH Hluste] thd Ff-Ha A
HuE &5t FPHATE Synthetic AL A =) HAou AR EFFEFHIL 2 FYAEREEZ O]
A 2y, 4E, 2 HJEE 4FE &5t EGTFERY zZ AgE ALR eyt
(ID-HYDRUS)Y] 48H+E &334, 339 EYY &+ Fig. 694 AA LWI3 dZdA ASH ESFETG =2
2o ol 7] = Bk (reference-based) 2 EC’V\'E" de o1& o)Zg Hl skt X}iiﬁ}ﬂ < ELY FF A
stod 718 (Synthetic) EFTES AP Sth o] EFFEAL Hest ZERTE FAAY ESGFROZRE FET
E557H2 Synthetic ASH L2 RE T wids . EYY 5y ”H7Htﬂ‘r9} ZE Hg Al B E
£ 5% 2 EFTFES 25t Synthetic A5k Ml T e BHEHS ZAG] Sstd LW 13AG6lA AS
AEAh Synthetic EFTES AZNAN EGTE A4S d FEY FEFRE FEEYP Y ELY T
100000 + 100000 + 100000
E (a) T (b) (©
10000 -+ 10000 4 |1 10000 -
s 1000 1 1000 4\ 1000 -
? = | e . = - |
£ 100 - 100 - 100 1
g 10 10 10
R 1 : — [ RG— S
0 0.2 04 0 02 04 06 0 02 04 06
% 5gmil water contents, cm® cm? i
% | (d) () U]
g 407 40 - 40 -
£ 301 30 - 30 -
2 20° 20 1 20 1
£
S 10 10 ] 10 1
El 1 : 1
B 0 ey S § Fr——
= 0.0000001 0.001 10 0. UOUGDOI 0.001 10 0.0000001 0.001 10
Suction, -¢cm
——— Obs. ===--=- Sim.

Fig. 5. (a-c) Water retention curves for sandy, silt, and clay loam soils and (d-f) Hydraulic conductivity for sandy, silt, and

clay loam soils.
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o] zZrotof st F B 7t EFHA] wf ol
s F0]R TIteration 7]13F B¢k AFow & &
e Holg ZLER Ygyth Iy RH EYFE
FHEYR)S 087622 Uehsom BAY(RMSE) Al
0.0242 Uett ELFRS & Bosts A2 gyt
olFx 2o EYY 3 (Fig. 6(b)(d) E FE(Fig. 7)
7 gho) ¥lE B34S T AT EGFE
< Z 293e A2 YERTh

Fig. 82 AnA FH9 AMAAA 45, MODIS(500 m
x 500 m), ¥ 2YH EGTES Yetdoh TDR 79 A
2 EYFES o] &8l MODIS o|nA] AEE RAFsT}
Fig. 8o Yehd ZAM™ 7]34deHd 9FS ¥ MODIS
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Fig. 7. (a-b) Measured and estimated depth-dependent root
distributions.
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=dl SlojA 2 Aoke] wEt) mEpA B AFdA At
s X}E%s}ﬂ S o] &3t EHEAA AJAE MODIS
As25E EGY 3y 9 & wibTE =559
HYDRUS 7|9t 9% EGFES RIsgr. 4 EYSF
B 2ogko] A= MODIS 7198 EYSE oln|x] zFE(R:
0.965 9 RMSE: 0.007)& & wgstes AL=2 Ueith
EZ MODIS ©]H]%](500 m x 500 m) el $IX(Fig. 9)3}
3 e AEXHNAN &FHE TDR 76t ELGSFER 1]
St AR FaAsed BEgAdol 47 0642 9 0.038E
FHAT7E dEoZ U ASE YT

220129 102 319)E

Izl

e °]& Fig. 8
o Uehd AAY DOY 240300714 A2 EGFR W
Bg0l & Zoz WgEdy] "Wielth £3 DOY 260
A-522 et BAFA AT BT EYFES ST
3k skt wEkA DOY 240~300 717 ko] A& EoF

o 07 : 0 100000 +
£06  R:0.876 (a) 200 ‘;? i1

b i g 10000 -

0.5 | RMSE: 0.024 400 £ :

800 g E E

1000 ¢ 100 ;

1200 5 g 10 ]

1400 g :

w 1 i

0 0,10.2030.40.50.60.7
Soil water contents, cm® em™®

= Precipitation Insitu ——Sim. -~ p0os9SPCI - neg95PCI — —0(Obs.) —Sim. 8
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o 07 " T 0 100000
50.6 ' R: 0.877 (c) 200 =
- . Z 10000
£05 RMSE: 0.024 400 %
- 600 F 1000
& £
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1000 5 E.
1200 2 3 10
1400 w 1 T ™ T -— E"‘ -1
0 01020304050.60.7
Soil water contents, cm® cm™
= Precipitation Insithn ——Sim. -~ pos9SPCI - neg95PCI — —0(Obs.) Sim. 0

Fig. 6. (a-b) Comparison of measured and estimated soil moisture dynamics and water retention curves based on the
estimated soil parameters (meausred root parameters were used) and (c-d) omparison of measured and esti-
mated soil moisture dynamics and water retention curves based on the estimated soil and root parameters.
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Fig. 8. (a-b) Comparison of daily simulated-, MODIS-, and TDR (in-situ)-based root zone soil moisture dynamics based on
the soil moisture data assimilation.
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102 3 4 5 6 7T 8B 9 10 1 17 13 14 M 40

| 2
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0 (_)@a
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Fig. 9. (a) Chungmi-cheon site located within the MODIS pixel and (b) MODIS data comprised of 20 columns and 20 rows.
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Fig. 10. (a) Calibrated root zone soil moisture dynamics at the Chungmi-cheon site and (b) Validated root zone soil moisture

dynamics at the Seolma-cheon site.
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Fig. 11. Spatially distributed root zone soil moisture across the country (March 26 2012 and June 3 2012).
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4. Conclusion

2 AFodre dARA ARE o83 EYFES L
@O}ﬁ‘:} EGFE AF 53 7]H(Shin and Mohant, 2015)
o] &3te] ATYAH(MODIS) 78] EGSFE ojH| A2
—rEi B FATH(a, n, G, G Ka) D ZEE, po
Zna) FIZAHSEE FE3T MODIS 718 AR=7)9 &
g mAdse 73RS o) 83t Al-FHE
o] Qe EGFRS Friaigth E Ee o
< B293t7] ¥3ske] 1D-HYDRUS ¢o—g—

AREG 77he EYY ey 9 ZAE widEs
T23t7] 95t leration Algorithm (IA)E A s Th
ATelA At 7IME A-BFs] st Lwi3 2
Ak RS Agskdnh A" AEEst 71Eel
¢ EYY 8 2 AE w7/ E H= Oklahoma
Z9 Little Washita (LW 13)9] A& A(8E 01%‘8}04 4
Ak 2927 MAESFE o8t EEH FETE
et IZE BROFO] AFUS B WY ALE YERETh
TS 2ojE EGTEFY FFATR)7E 0.876~0.877 E
E844(RMSE)7} 0.024~0.0242 YeER} A= E%‘L’F-‘?—

Atk Ao 2 vetgth And @R AS5EE ol&
st Ao ZZHR: 0.965 Z 0.642 T8 3 RMSE:
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AZZE & vFsdth gde =AM A1 2
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