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HYDRUS-1DE o]g3to] 43t3ct ZAA Asle k2 YHS204 2017 ] 555 m
mm, YHS39A4] 201749]] 418 mm, 2018 o] 408 mmZ 2017 9] X|5}<=7} o Wo| 3toFE| Qi)

FQ0§: EOFE 2|5k HFek, HYDRUS-1D

Jeong Jik Kim, Chang-Seong Kim and Jin-Yong Lee, 2020, Comparison of potential groundwater recharge
in the rainy season of 2017 and 2018 by modeling with soil moisture in the Haean basin, Yanggu. Journal
of the Geological Society of Korea. v. 56, no. 1, p. 63-76

ABSTRACT: In this study, we have simulated the potential groundwater recharge using soil moisture and
meteorological data. The data have been collected every 10 minutes for 586 days in the Haean basin of Yanggu,
Gangwon. The soil moisture content was higher at deeper depths, lower slopes and many rainfalls. Soil moisture
contents in the field and simulation are related to high correlation as 0.9 to 0.93. The potential groundwater recharge
for rainy season data has been estimated using HYDRUS-1D. The potential groundwater recharge of YHS2 was
555 mm in 2017, 332 mm in 2018, and the YHS3 was 418 mm in 2017, 408 mm in 2018.

Key words: soil moisture, groundwater recharge, HYDRUS-1D

(Jeong Jik Kim, Chang-Seong Kim and Jin-Yong Lee, Department of Geology, Kangwon National University, Chuncheon
24341, Republic of Korea,; Jeong Jik Kim, Chang-Seong Kim and Jin-Yong Lee, Critical Zone Frontier Research
Laboratory, Kangwon National University, Chuncheon 24341, Republic of Korea)

LME al,, 2016). ZLA] AEGE2 Q15 Haf= AR 2R
B fAE Eoko] FH sHH o g Ut e W
FZ 7|5 A o 7|FE AT L E= T AATIAY BRAA ] AZEAY FoFo] FH A
A=k Aol 22 ZreuE wishyh WAk gl o2 JEEo] A &5 & AR et FFS
ool Z7] 717+ FUE 3w B, s 7|FcK(Yun et al., 2015, 2017).
7 Ha d EYE F502 A48 wsie ARFEFO] Yot AL A7t Edoz 9%
A= F718kal ItHAhn et al., 2015, Hong,  3tA IFEEZ] =t AL Yu|d 5= Qirk(Bae,
MK etal, 2015). ZoL ko A7k EoFo @ 2 2016). o= B4R AR J2, A= Aoz
F 5 Qe ST VY ES Bl FETII Al A% Kok gk AAad U8 33 AL 5
EfEd= 72 & dth(Yang, 2006; Jeong et ABFH o] AT IS v & Ak

' Corresponding author: +82-33-250-8551, E-mail: hydrolee @kangwon.ac.kr
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(Park et al., 2013; Ahn et al., 2015). w}2kA 41t
A Fx57t H LS E Sl Aol 2 FgEE S u
ARl o] et A= T35k EYS U 5
2o Wk ol Ao iRt Fa% RS
A|53HcHChoi et al., 2010; Hong, EM. et al., 2015).

ESTE B BT ESS F XY W
9] F=oll Eet= ER A S5, 2AES, 5

= A 7KK 2 Fe|=2 SAsIcHKim et al., 2016; Fetter,
2018). F2F=(hygroscopic water)= E¥2] A} &
w9) Bxjelo] o ghe w0l F Zolch 34
7+ oA 2o FA 7 FAYPAHA tf5=<1 H]
BAEEFT 23521 ZARE= Eo] JAUAA
= FHR 02 JA Rl =] o}E BA(capillary
fringe water)2} 3ttt 5-3<(gravitational water)3+
ol BaE] ola) AR S0
7t 4o BT IASHAY A3 Sl Y8l 3]
23S 1 529 ZHgo] H AR sl3FolFo]
7Fedlidl 82 slgolsthe &2 witth(Korean
Association of Geographic Information Studies,
2006; Kim et al., 2013; Ha et al., 2016). EXE 3
FEEAYE /8, 71, A8 21 Sl g
© B 2(Kim, 2019), o]2|3F 8 Q15T BB
=4 A28 D 4 2R B Ak B
¥, A2 FUA, 7@l e 7o)
B 52 AT 4 tk(Ha et al., 2016; Kim et
al., 2018; Kim, 2019).

ole} T3kl Ha et al. 2016/ Fataje 2|4
of uldskeA A4 AN EPSE U UEEE
B2 vk s R 2jrtel Subul)
ololAlE A7) W 28] gk A7lof thated 7
$7} Eepom ARohs NAT E4H ¥E 54
o] Zol B2 AAY BHE S5 BrHSHTE Woo et
al. 2011)2 B, 29 Aokl ESUYAE, =
29 Az AWdS EAsIH e EgpRl 9%
= T 8202 AR e A shielA= Al
Sl9)7} SISt A AJASEAT ERE Choi et
al. (2010)x+ Hong, EM. et al. (2015)2 7H3t EF
o) JEa] ATstgon B8 B, 44
%, FUAE 5L BolRAsle) 7E dEsierh
Ries et al. (2015)2 HYDRUS-1Dof|A] 4=2] ZEIF 9]
RS ESSY Aol A9, 7Ieem 4%
staL 7ol A S8% EGE dh= 085t A

9] X5k shoFaF 2 AL 451 Leterme et al.
(2012)-& HYDRUS-1Do A EoRi ol 7|k 2}
22 ALgsto] A 4ol me Aaks gl
S 3SR vl 9] 7| sk} A|sk4 ek
o w2 = FFE 2420 Y 71, oF A 71,
st 7|5 2700 whet oPyshet

BB E A7} 2e AaE e
TN = ERoA ST ESTE Am 2 71
B2 A2E AT AT ST 1 Ame
2| 2P st Asl FFFe FHTT A=
HZEZ35FcHWoo et al., 2011; Hong, M.K. et al., 2015;
Ha et al., 2016). o5 B.&5}7] 913} Kim et al. (2018)
2 2 SleHE Y B Aol A 1azE 3% B9
S8 2SR ARE B Aok BUE F
HalgiAnt BUE 717l Fokem 247 e
H| S o] Igiet ol¢h g £ dtolA= d
TFAG W = &4 2017937} 2018 = 2] B9
S8 9 YRS AT 7 AR X3k
=54 9 8wk

L

LT

21 X8 ¢ XA

AFA S TARRA AT AT FLE S
st HZof fjX|sh Zlut= a1 ket HA) g
A et AbAlofl YRt E 1), G sfiehd
< A A 7 2 LolA H3k o) 2HA
(punch) 1=(bowl)Z} Bl A4S skl Qlo] |
)& EX orER 25 B rHChoi ef al., 2009).
2] 9 AARL 7423(1,250 m), E=£44K1,150
m), Th-$-4H(1,060 m), SAF (807 m) 3} ko] ki
=7F E3 AK20-50°)7F 7HkE AR R St
Rom FAF Frtgh Y| = oF 400 m
oJth(Yoo et al., 2008; Lee, 2009)(13 1b).

SeHEA 9] jF-2 AzrEolr] MAY B
Z Aol A 2%k 24 WES T |
H PO 2 PAE FY MY EEAIE
UZTHWon et al., 1987). BUE 3PS AL
EA R} A d o2 3320 o] e
o AEYA Agoz Q] BAVL FHE Aoz
& X1 QIth(Won et al., 1987). W JAEXE
o] B¢ tiAl 2 x5hdS thee Z3kste] F4 = 3
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B A 9 AYH B v} 2515l
2ye e ukerg Bx)o] £3hch(Chang, 1997).

LA 2] 2010 EA|o]-8E-2 A 58%, 1L
YR 27%, = 9%, 718} 5% =2 FAE o 2017
Holli= & 42%, 4P 30%, = 9%, v 7%,
A= 4%, 718 8% 2 TA KT} WO vlgo] F7t
SR TH(Yun et al., 2017; Yoon et al., 2018). &%
%% (Rural Development Administration, RDA,
2018)9] E3HAR o] wEdW sjeHEz] EEO)
EASANYE Y GE, HEY BEQS AEE, A%
E7} vehd). ajekR|e] BE WAL 6117 hai
AFE 7} 4,184 ha, FE7} 1,904 hao]w ZFz}F68.4%,
31.1%2] HAL zheth AR WAL 61144 ha2
ALFET} 5,240 ha, A]%FE7} 821 hao|™ Z}Z} 85.7%,
13.4% 2] WAL 2R3t Qo

22 EULE &5 U JIN X2 BY

SHEA] BE QI AR 479 EdriE =Y
Bl (YHS1-4) ¥ 57| 43Z(Automatic weath-
er station, AWS) A|AEIS FESHFTHIH 1, 2).
ol AFoM= BT BUET FA L AWS

P

\ Soil moisture
\® monitoring station

Automatic
wQather station

Pond
N\

L Sampling point

oA 2017 3¥EE 2018 10€7}1A] 10& 7HA &
2 349 ARE U ESTESA AA
(5TM, METER, USA)x 30, 60, 90 cm Zo] 2 3t
%= 570-612 m Abo|o| Z¥zF AA|skGiTt. =3 2|4
F(YHS1)ollA Z3H-(YHS4) AH7HA] 9] At E=
oF 15% o] AAFZ-E 8.5°0|t}. 1 % YHS13} YHS?2
= 7HE AP f1A1519 o YHS3 1} YHS4+=
H| w2 FEgh 2 o] YIA|eteh AWSE 795, 7]
, T TE, AR, ol&1E A5G

2
'1%/ _- =7

™ YHS3 qlZof HAsh3int

As71385 71712 S A74A99 A5H
(6-8€Y) 7352 2017'd¢) 945.8 mm, 201813 694.6
mmo]|m 79314 2017d of| 473], 2018 o] 323
ojt}. o= F2 787 8¢ 3%l e, 20174 6
o] 126.0 mm (143]), 7€} 490.2 mm (183)), 8¥
o] 329.6 mm (153])2] 727} Q1911 2018 6€o]
L 125.6 mm (83]), 740l 226.0 mm (133]), 8L ]|
343.0 mm (113]) 9] 797} AAck ©] 520 mm/day
o]4e] 9= 20171 6l 13], 740] 73], 849
63], 20183 6o 23], 74of| 43], 8 33] U
t}. 20179 6] o 7FSeFe 468 mm, 7ES

Fig. 1. Monitoring points of study area in the Haean basin, Yanggu.
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95.6 mm, 892 73.5 mm, 20184 6L 76.2 mm,
79L& 64.2 mm, 82 240.2 mmo]t}.
23 B K|t X ZEEl
HYDRUS-1D+= £E3231 W 23} th3-2 wj A ¢
T8 2= 9§29 £33} =7 o]5-F K5ty
Bl g gHo|tkSimimek et al., 2008). Y&
Hrs EYTEEE ESRE, s S
EF 2 w0, 0,, K, o, n, 1) 50 E
K3t 2 Atol A 13+ Richards %5 4)E 53
EX3M] EfpRo] 23 553 0| ©hE Bk
£ HIE ALt 7 Aol SRS 95Tt

stof2to|

Ho o

0 _ o
ot 0z

() (2 41)] - 5

r @

A (oA h= EYE 48R0, o= AF
EFSEGEHm’/m’), t= AZKT), 2= 47 5
Zol, K(h) = BE3} 42 A E%E(cm/day), S= 2
go o3} F4=El= 87 (cm/ day)o]t}. Richards

__ Automatic
' weather station

Surface—
30 cm—

60 cm—

90 cm—

500 cm—

Fig. 2. The mimetic diagram of soil moisture sensors,
data logger and automatic weather station (AWS) in a
monitoring point.

- Za olng
WAL BT} SRR A, GBRT b D
EPFRF 00f o] o] e wHFH

Al o2}t Zro] van Genuchten-Mualem (1980)
zdof o A et

6. -6,
0(h)=)0,+——"— h<0
(1+lah™)™
9.h=0

2)

K(h) = KsSe'[1—(1—Se'/m)m]? (3)

A Q)N K= 23 AR, S TH E
3, 0,3 0, %ol 9 ZBEFF(m’/m), o
(cm/day)e} n& EFTw 54 F419 AF4 A
T, 12559 9a4s Uehde mi7iEsolth(Shin
et al, 2017). JHESFTEI I} 2y LS &
|2 van Genuchten-Mualem (1980) =& o] Z-3

SEA4 TAS ol o] Ao A 4 girt.

_ -6, 1
0,0, 1+la(u,—u,)"]

a

S,

e I"

)

A (@)ollA o= F7IFAE B A, nd BT
Ao At BAE A, mE JFgH|of BA
H Aol

EggE AlEEelA 717k 20172018 7]
(6-8H) = At P THESE A& 0] A
HE A7 AFo] §liz YHS29} H| w3 Hekgt 7|
Foll Q= YHS3 2| H e 2 Aestqicy. BUEHE
AWSZHE FAO56 Penman-Monteith (Allen et
al., 1998) 0.2 A ZHFALES APgaaTt

o 0.408A (R, — G) +~(900/(T},,,,, +273))uy (e, —e,)
0 A+~(1+0.34u,)

(4)

A @olN ETE BAF S (mm/ day), B,
2 SEARKMB/m’/day), Gi= E% @ 4 U=
(MJ/m’/day), T,,,,,-& 2 m &o]oA2] Az 7]

2(C), uy2 2 m EOlIA F&(m/s), e, —e, 53
719}(kPa) BéE AL 3719k T4de) 7127|(KPa/ C),
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L AgA A (kPa/C), 04082 o] T¢]ol
M]/m’/dayE& mm/day2 wHL7] 93t S|kt
Aotk IS LARF AP Al Bagh 2 9]
£ 012 m Agetgon] A4 $3 2 242 43
H HAS I o 55 R (root
water uptake)+= 1 23}X] et

Asime] Zoli A of 500 cm KA
Fhgste] A A5 e FAstgon B
@O Zo]= 500 cm2 AAgstaTh A& 210
2 AEGEC] AL 4 e AL AEsG
o sk A 24 B8 Aok Zolg o
Q7] Tl A et B9 425t
oS S Q=R AE Eoj= ROSETTA
w4 24 2 agdel ) 2Aslgich. Eat 2]
FAE LSS sEe Fal RAst] A
Efo] A A gdS FLAIFT A Ask ok

o Eoeto] |slro] Egek oux] gl
bottom flux Zr& Ak A3t

EQEe Bk o2 B njet WY 4
917] W] o} Belshr] $18) AIE, 30, 60 2 90
em ZJojol 4 2} Ak} 500 g 4 HHste] 5 16
Mol =X RS HH3FAHChung ef al., 2015).
A AR A B 4715 AAE 913 A
% TpIEeE AH Y F SIS A7l 0.063

100 Legend
@ YHS1 © YHS3
© YHS2 © YHS4

e
o|o\\\

agi" silty
sandy clay

vl silty ~
- \ CAY AT clay loam \""
sandy clay loam

loam
silt loam

10 3 20 10

sar;::i %
Fig. 3. Soil texture at surface, 30, 60, 90 cm depths of
monitoring points.

20172 20184 27| EA X[l A Bl 67

mm Aol FA] A2AS AT o] & oAl A
% 3 4-0.063 mm 742] Aol AEAL A3k
B F 0,063 mm 0|t AR ol YmEA
7](Mastersizer 3000, Malvern, U.K.)& &3} 0.001
mm7kA] B34} 0]F u]=- 5544 (United States
Department of Agriculture, USDA)9] z}37]
ol w2, vjAL HEE ERsk BEYS 2
FotRch S 74 e RE JAS T S
10, 30 % 60% 2] 973 <] o83} L7l wt
o5 Al(Uniformity coefficient, C,) ¥ ZEA
(Coefficient of curvature, C,)& A5t A 3
7] 2o 5 e peehect

3. 21t ¥ E9f

31 EN Y I RE EYN

A7 o] Eope thRE WA oF 66-92%
A2 JeElygth vAb= 2k 6-32%, HE= 2F 0.4-2%
2 A E o] mi$- RA yehsdth USDAS B4
250l tet £ B A =R =AIRHZE
I} AtE(sand), FEAAE(loamy sand), AFFE(sandy
loam)©.2 B2 5]tk 3). YHS16] A YHS4R
57} dobeg mefe] gago] WA} Zols )
Ao gepol F7teke ARE ®elth BUHY A
HEo) ol Ane] JERAS Fo) $RE AR
2718 A QIE FE 2A| Yehgon BE %)
Hol o]z gnlet TAE YLK 4). YHSL
WOk YHS2-4o 4 € @hgtel TS Bojo o] %
¥ 9 Alg e thet 37]9) 9xf 27150 4
2} s AR S0l BEST gl A& ojulaict
(Lee and Kim, 2009).

T4 e £ JA4S B8 2 A3 € ZoloqlA
w+sAT TEASTE AL #5AS= YHSI
o] 7.0-13.5, YHS20j4] 10.7-41.3, YHS3olA] 33.744.1,
YHS40]A] 12.1-36.49] HI91E BT TEAKSL YHS]
oA 1.1-1.7, YHS20)| A 1.5-2.7, YHS39]|A] 1.4-2.5,
YHS40] A4 1.0-2.89] HHE BRITHED). 33
L5 Hols #5AFY Hel= 6014, TEAT=
1-30]t}(Lee and Kim, 2009). 1A 2] EFA|
2oA A E FES 2T 919 He] Yol &317]
2ol JR=7] 2/d0] FH gt EFolkal st
ek
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32 EQLE HE EN

T =S |o

¥ 220174 39 2595 20181 109 3197
2)(586Y) 243t A7R| A ] BB ZH7ho| f
3l 7| % 4 Axto|tt. ZF A A7k 243, F
7t BAZHS YHS19) Ao 7lo]7} Zojdas
o8 A4S YHS2, YHS3, YHS429] 39 7]

o7} Wl A4E R S5t sc T XA ST
L 9o YHSIT 2o} A48 48 Fapo] gast]

w2l o] AHAAE Sio] A5k SRl E R}
AA WA ket 450l o 2 o|Rojx|

= Aoz HWelrk YHS1-32] 30, 60, 90 cm o]
o] EokB WPZEe YHS3 Hgko 2 Zh2 leo}
A EFgEo] FAE | T2 S v A7
|3t gxgict.

= Ao A Efri T HeAls: gk
2201792 9.9%, 201832 14.2% = 20183 <]
o] o Atk WEAGY to] Atk AL 19 &
2 E2rt o FHOR B QA gk A
2 ou)dhy o] 2017 WX} 2018W9] 7+t
rddos Ysz| ool 20173} 20189

Table 1. Uniformity coefficient(C,) and coefficient of curvature(C,) of soil samples.

. . Depth (cm)
Site Coefficient
Surface 30 60 90
Cu 13.5 7.0 7.4 9.8
YHS1
C, 1.7 1.0 1.0 1.2
Cu 25.7 26.9 41.3 10.7
YHS2
C, 2.5 2.7 2.1 1.5
Cy 33.7 349 374 44.1
YHS3
C, 2.5 2.0 2.4 1.4
Cy 32.9 36.4 28.4 12.1
YHS4
C, 1.9 2.8 1.7 1.0
100 100
(a) YHS1 _ (b) YHS2
80 //' 80 //"
o 60 4 // o 60
2 /) 2 ,
E 40 1 / —a— Surface E 40 1 ///
3 B 8 //‘ —a— Surface
20 4 : 60 cm 20 "'-':::’ki/ : gg Z:
T 7 —— 90cm _/{:'l —»— 90cm
0 T, T T T T 0 T T T T T
T 85 85y 8 - &« g 85 85y & - &«
° ° Grain size (mm) ° ° Grain size (mm)
100 100
(c) YHS3 Y, (d) YHS4
80 | =4 80
g 60 g 60 |
g 401 7 —— Surface g 40 1
® ] =" i |%=]
,,,,,, o —x— 90cm ,:;;;1
0 . r 0 |=msamsr
S 83 s ¥ © - ¥ S 85

Grain size (mm)

Fig. 4. Distribution of grain size for soil samples.

Grain size (mm)
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Table 2. Basic statistics of soil moisture content in monitoring period.
Soil Monitoring period Soil moisture content (m’*/m”)
Site depth Start date End date Min Max Mean Ccv
(cm) (mm/dd/yy) (mm/dd/yy) (%)
30 0.189 0.333 0.246 11.0
60 03/25/17 12/31/17 0.161 0.275 0.186 10.8
90 0.125 0.260 0.138 10.1
YHSI1
30 0.167 0.323 0.242 16.5
60 01/01/18 10/31/18 0.136 0.260 0.192 14.6
90 0.118 0.267 0.150 16.0
30 0.223 0.329 0.281 7.5
60 03/25/17 12/31/17 0.264 0.375 0.299 6.7
90 0.285 0.389 0.325 8.6
YHS2
30 0.191 0.389 0.269 10.4
60 01/01/18 10/31/18 0.245 0.359 0.300 8.0
90 0.264 0413 0.330 9.7
30 0.266 0.420 0.309 6.8
60 03/25/17 12/31/17 0.288 0412 0.334 6.9
YHS3 90 0.305 0.391 0.339 16.2
30 0.161 0.433 0.290 20.0
60 01/01/18 10/31/18 0.207 0.432 0.320 13.1
90 0.202 0.403 0.325 11.4
30 0.182 0.376 0.241 22.8
60 03/25/17 12/31/17 0.263 0.359 0.321 8.7
90 0.319 0.359 0.340 2.1
YHS4
30 0.101 0.353 0.204 27.0
60 01/01/18 10/31/18 0.170 0.353 0.289 17.3
90 0.294 0.370 0.344 6.1
ESE HRES HEYS 930 em Holol Nt Fheh vk ANRT PR 2A A 49
H= Aol M 20173 9f gho] o Ach(&E 2, 19 5). O|F JHEZRE A&HH 02 o7 FFS e B
I8 5 G771 58] QA EdeE o] fEoE AlmEnh YHSA= 4R A ST 2
Shof| thgt A A G AAzolth. E 29 EFTR FFY o] & 011 %.LOWUP o % 3

BEHT TR 2 YHS19 Zo)7} Zojd4s

S8 FHFo] AT YHS2A4L ZojA4E 58
o] Wrt AWSO|A &%

CR

93t ARG T g

HE B2 Yo EGSE G Bkl 2y

of

l
-3

2l
o2
n
ol
1

/\]:IO

Mo n}g Il:Fll ﬁ, Jlm

] 23 o 7A9oTo] B = 501:/\‘:'0]
’3}711 71t AL 2 4 Qo) YHS1EG &

o 9Jx|8t YHS3 0.2 Z4-2 EoksR '61—%1:01
& & 4= 9tk YHSI, 215t} YHS3 x| g0 &
HAskaL 3lof ol A%t 5

79 o1% 78 6 5ol 0 me. 60

cm} 90 em Fol= SE Fho] Ak
9]-\:1]-115_]- ZIAE

=R =1

B AR ERt
Hojm §X s A Belrh 1

5d). 4-0] SABE AFS Bl AL UYA S

B 9 7k0 o] A7 A ER QI3 48 =710l ArR 2

RE B 18 B 71998 W) ot Atz A

Fihe RESAIZo] Zojx|7] HEeR dedEn
(Lee et al., 2005).
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YHS13} YHS4= 30, 60, 90 cmo)| A ZF Zo|E &
FrE9] AA= 5% A= ve YHS2, YHS39] 70|
H 2tol= Aot B3 744 A YHS13}H 4= 7 o]
7t AE5E Bl Aol gk g3kl vzt
A ¢Fom YHS29} 32 Zlojof w2 7= J3Fe] 2;

SR A5/ 13 4T w2 dojdths RS,
YHS13} 49] 739 2 37HA] o] JFsh=t|
A AJ7to| 29} 3T Wo] AQETi= AL o
= Slck

50

noo

B 32 Y= B4& Bl ¥ YHS29) YHS39)
90 cm Zlo] BEoF A= 0| 2, n|Al, HE ol 3f
o= S ROSETTA Z=213of ¢J8 & van
Genuchten-Mualem model 2 EF 42|} djj 7}
A0, 0,, K, n, 1)5 373 Z3(initial param-
eters)o|t}. o] 2> HYDRUS-1D9] g4 Ho
2 B4 dho] mlRyo e STk 5
a, n, K, & E¥TE fs< 29 o 91str] o
£0] 2017, 2018 5 $7)o]) R B 2
o tjstel HAshel v tiro] RAskoit)

(a) YHS1
40 -

10

L e R

50

(b) YHS2

20

10

40 4
30 —M%M

50

(c) YHS3

Soil moisture
content (%)

40 o

30

20 4

10
50

(d) YHS4
40

10

30
20 4

45

(e) AWS

Rainfall
(mm/hr)

30
15 4
0 |l|l .||||‘l i l.m:l

03/25/17 05/25/17 Q7/25/17 09/25/17 11/25/17 01/25/18 03/25/18 05/25/18 07/25/18 09/25/18

—— YHS1-30 cm

—— YHS1-60 cm
YHS1-90 cm

— Rainfall

YHS2-30 cm
—— YHS2-60 cm
— YHS2-90 cm

Date (mm/ddlyy)

YHS3-30 cm YHS4-30 cm
—— YHS3-60 cm —— YHS4-60 cm
—— YHS3-90 cm —— YHS4-90 cm

Fig. 5. Monitoring results of soil moisture content and rainfall.
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Table 3. Parameters estimated with van Genuchten-Mualem model and calibrated with HY DRUS-1D.

Site Year 0, 0, « n A l
(m’/m®) (m’/m’) (cm/day)
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Fig. 6. Comparison of observed and simulated soil moisture content.



Y 72 mi SR molRAE B4R
I Bl A Z3 B4R T AUUA S
HAT Afolrt. o] 17 60149 melEAo] 2
o] ZARER] A o2 HEF Aot} 20179 %E
90 cm o] 9] YHS29] AAAS()E 0.82, A8
1) 091, BFAELLXHRMSE):= 0.009, YHS3
9] AAASE 098, HBATE 099, BFAFLL
2= 0.007, 2018W % 90 cm Zo]2] YHS22] AAA
4= 0.79, AAAIGE= 0.89, BAA|lGZ2x= 0.016,
YHS3¢] BAAGE 0.79, AEASE 089, F7A|
FZAE 0.0190]ch A7) 5] B AAA
429] A2 (.85, ATAIG+= 0.92, RMSE+= 0.0139]
). HYDRUS-1DE AMg3t E¥E 453 3
o wo R AT A% W& vl me ATENA
0.84-0.939) A¥AS W2 & o B A7) A
ASE 2 ABAYL 2H= AL F 4 Slth(Assefa

(a) YHS2 2017
e

38 ﬂf
+

Y=0.81916 * X+0.06401

36 L
g

Pt

32 4 &

Simulated soil moisture content (%)

30 T T T T
30 32 34 36 38 40

Observed soil moisture content (%)

50

(c) YHS2 2018

44 +
Y=0.78879 * X+0.06652

38

32

26

Simulated soil moisture content (%)

20

20 26 32 38 44 50

Observed soil moisture content (%)

and Woodbury, 2013; Chen et al., 2014; Shin et al.,
2016). SPAIT ©] AT A543 R 444 448)
T, o) FoEe o8 3, 97 2%
ofgh =T @ B3] W5 3x410) @o] of
143 Sk RGeS ols w2 AT ¢
W& RMSEe| &= E761a 2Els] A7} st
o7 E7) gk gelo.z Aztet,

34 27|19 & x|t stz U F S

I3 8L 2017¥x} 2018¥ = 7] w9 YHS2,
YHS3 A|o] gt 90 cm o] HEHmm)T}
500 cm o] 2] A Aot FFF(mm)S 4 2
B3 Aot} 20179 %2 79 YHS2 90 cm Z o]
oA 9] EQFo 2 FESHE9] 2 849 mm, 500 cm
Zolol Aol A HR Aol FFF2 555 mm=E
ARG E| QL) ol ARGl 2017 $-7] of W=
7d$-7Fo] 945.8 mmeks AL AP o FTHF
0] 89.8% 7} Eoko & HE 587%7} Ashz ok
H Ao|t}. ek FoFo] Aol 3 Eko g
Eet EFoRT Hohal MRS o IR 7

(b) YHS3 2017

+
Y¥=0.98227 * X+0.00661
36

32

Simulated soil moisture content (%)

30 T T T T
30 32 34 36 38 40

Observed soil moisture content (%)

50

(d) YHS3 2018

Y=0.78881*X+0.06334 +

Simulated soil moisture content (%)

20 26 32 38 44 50

Observed soil moisture content (%)

Fig. 7. Correlation of observed and simulated soil moisture content.
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Fig. 8. Simulation results of infiltration at 90 cm depth and potential groundwater recharge at 500 cm depth.
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