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RS A2 7IUAL AU 71 PO B2 TEAY S Bebr} FAAAL ATk £ G ASKE B S0
B| Y EA0LS) HE EREE ME S AAL S9E sk o F 3, ik SHEol AR gt 524
Aol L TS ST AL A S HNAD. A A 1S A LA, Lol DA, 1ol 2
BEHS SAstgon, IAYTELNN YSANRE 45 L 712 428 AGHATE. EPSELe P4 I 45 QA Ho
2 SAASHIEPE A St S Rolrh AR D AAE 24 sk Ade A7 el otk shele] v
SHA| Lpebgton, Ex]olg % Zolo] ukeh W Eo] chasl vielsieh, WA A3 AL EGSRel w2 o] 9F
2 rlee Ard o nel SE go] g3k nxt Ao Uehge,

FRO|: EYE, EX|0|Z, AAE B4, X[ot, 5EXA

ABSTRACT: Efficient water resource management has gained increasing significance in light of the rising frequency of droughts attributed
to climate change. This study focuses on unraveling the variation and time series characteristics of soil moisture in relation to land use, a
crucial factor influencing groundwater recharge. Soil moisture content measurements were conducted in rural areas with diverse crop
cultivation, and subsequent time series analyses were performed. Auto-correlation analysis, spectral density analysis, and cross-correlation
analysis were employed, utilizing precipitation and temperature data as inputs. The findings revealed a short-term increase in soil moisture
content immediately following precipitation, followed by a gradual decline. Monthly auto-correlation patterns exhibited similarity, with
amounts of variation contingent upon land use and depth. Cross-correlation analysis showed a swift positive impact of precipitation on soil
moisture content, while temperature exerted a relatively slow negative effect. This study contributes valuable insights into understanding
the dynamics of soil moisture in agricultural landscapes, aiding in the development of effective water resource management strategies.
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1.ME
EpRolgt Bush Bgo] 33 1 Ak 22

o

omjgith. B2 F2HE e uet B YAe 23
o Q= 2%, W7 12RE EY UE FE I35 35
= Qo] EHAE It F2lo] B2 FAlSH EAfsk= &
AT, FEofl fsto] EoF AR} HElHo 3= WE A
fraA ol sshe S22 4 IthKim ef al., 2013;
Ha et al., 2016; Lee et al., 2022a). E9F2] Q= BE EAJ,
EZol g % EXuE, 7|5 9 7|27 F Thgdt 2410]
EaE WE 5400 932 v = Athk(Fu et al., 2003;
Hong et al., 2012; Wang et al., 2013; Lozano-Parra ef al.,
2015; Lee et al., 2022b).

EFTES EYY #HE, 55 e s 22 7IAH &
gl GRS A, oof| wet EF 338, A A8t wAUsh A
B}, 78t 5 TSt Eokoll A% 8Qlo = A AHg3t
THSU et al., 2014). T, EFGE-2 A& 7] 214 o]
|E 5 o] EYTE 2719 Hk= AlE Aol At
G2 1A 4= 9t Kwon et al., 2015; Gil et al., 2020).

Al 744 B X EST AE ol o] B
o o) E3jE|o] 9l B8 o, 5Ue Eatalo] o
&t Fopol| A AREEl= F 83 ARdo|tMileham et al.,
2008; Lee et al., 2011; Baek et al., 2017). EF5E-L |
Fo SEe 3 A5 WS S BHRA A5
TS F4317] gt AR AMEE L QltH(Mathias ef
al., 2017). Kim et al. (2018)2 ‘s&X|Foj|x E9Fo] Z o]

(30, 60, 90 cm) BT TS SR AAA A
Aot FFF 28 Yol Ex23H 4] =g A=
&85k

Berg and Sheffield (2018)2 &3 HA+4E &3 A+
b3t} Bk BAIE B4 e, At2di B
& W 8= 45 Al Roletal 345131t Erler
et al. (2019)S THAE 715 mEES B3 Azt 27
oflA= Aot D RSl FFol dasta 53 24
A= F7HE AL R qEsiglen, EYTEE FARE 3
gFo & W3k A o & A3t} Soulsby ef al. (2021)& A
FEWE TYHof|A 7Hgo] WSS off ol o] =
A% At EdrR D A 9E 1087 FAsEe =
FaAFoH, 7| IR QI3) o]Hgt At WIETt 5
7ve 4= QS sk at

2 Ao = ot sAEe] AuiEaL Sl A s
EA| QoA EX|o] g0 & BT TFS S5
71/ @4l g EGEY AAE 4 Bkt

2. 8719 X EE

2.1. 9314

HATA A FESHEAA = gt sk Lol $A]
HIH 1). LHS EA AP = a7} A4
o2 Wi(410 m) Feksle, 1 28-S di9hAk(1,304 m),
T&AK(1,147 m), LAK1,056 m) 5 UL ET} =2 A
o2 EHA Y= FEoIth(Yun ef al., 2009; Lee et al.,

Fig. 1. (a) Location of the study area in Korea, (b) the studied Hacan-myeon, Gangwon State, (c) real-time monitoring systems
for soil moisture contents and soil temperature in areas with different land-uses in the study basin.
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2022a; Cha et al., 2023). o|&st EAOo7 W2 A3AS
o] Wt on, 2 At A oA EE FHAE Ko
295 2 ZF7ItH(Lee, 2009; Raza et al., 2019).

AFAGL =T B2 A S FAHeE ok o
7N A o] 85te] TRt T 50l o|FAL Y= F
Zx)Fo|thRaza and Lee, 2022). 3JHHS] 8 EX] o]-&
3} 9] X(forest) 2F 2,332k m? (37.6%), ZA|(grass) ¥
1,8979F m? (30.7%), =(rice paddy) ¢F 7415 m* (12.0%), I+
2= 2 AFA(orchard and mulberry field) 2F 7009+ m? (11.3%),
Hh(field) oF 4579 m* (7.4%), 7)€} 2F 569 m? (0.9%)=
o]F01A JUTHRDA, 2024). A7} 71eiR| sdare=7t
=2 AGollMe AR, 7, viF 5 LA o] F= T
gotdlon, E84=(U4 9Y, AF 59 Azt 5
7Vel= FA|o]tk(Choi et al., 2009; Lee et al., 2019).

AT W B4 #E WA Ao G=H(RDA, 2024),
HE(0~20 cm) EAL 68.5%2] A% E(sandy loam), 31.2
%2 9F&(loam), 0.1% ©]3}2] n|AF&A]FE(silty clay loam)
2 ZAE ] glom, AE(20~100 cm) BEAL 86.0%2] Al
OF&(coarse loamy), 13.5%2] 2942 (silty), 0.1% ©]5}2]
Atd(sandy)2 /4= o] QUth BES HEA BF HE
9 FHF vl WA Yehe, R A= B9 Fkol
7V SAISHA vetubar, AEolAd= mArY gkol 7t
SAISHA Vet

BB MA(TEROS11, Meter Group, USA)E A X|3}
FoH2E 2). E%E AlA+= FDR (Frequency Domain
Reflectometry) 4Jo]m, Hlo]e|2 APt 4= Qi vl
EE8(ZL6, Meter Group, USA)Q} AZAE o] A4 =
A A=E AAEeE ERI1E = Qltk ZYEHF 7|7
20224 99 1Y% E 2023 8¢ 22U7A] 1A|7F 74 0]
o mUEY 2 71719 A4 05 9 7179 A3 Sow
WA A2 717k B0 Al2fsAon] 4717t A4
SR BUHY A2 o] §3terk

3L AFA Y bt 2 722 okl AXH 2;
S71AT=A](Automated Weather Station, AWS)E 0]

839

2.2.2. AHE 24

AIAE B4 ARE R Tk YoM A= AAE &
A& A o2 H71e 4= QItk(Nash ef al., 1991; Larocque
et al., 1998). B QAL B AAE B4 T
oF 9 S49517] Sia) B4R AAD A2E o] §3he] 2
7)AFHEA (auto-correlation analysis), 2HEYH U BA
(spectral density analysis), TAFAITHELX](cross-correlation
analysis)2 343} Tt

A7V S A AR A=Y AR 7| aE et
she W 5 sluE, a53 o= SHE AAE A= AP
gk (auto-correlation function)E AJAFHCH Larocque
et al., 1998). A7)t AlRko] Adof| wat 194
AlZtste] 022 skt ojnf 0o =Esh=t A=
AIRbE A @A R AL ek 7= AR Tt 719
a7} 7yste] 2| AAIzEe] AA YEhtal @)= A HA|

70 &m 40 cm

100 cm

Fig. 2. Equipment (METER Group, Inc., Pullman, USA) used for real-time measurements in this study. (a) TEROS11 soil moisture
sensor, (b) ZL6 data logger, (c) soil moisture sensors installed at various depths in the field.
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7ro] A Uehdti(Lee and Lee, 2002). AHEY Y B
Mo NAY AR Fape S Tjelsis Yol %
2lo]| MEH(Fourier transformation) ©]-83lo] A|AE A}
22 AR JelolH i geloR Walela, AUEY
I =3r~(spectral density function)E AAtste] X7 2]
7148 BAI,

k
Yr = % )
an=L"F (e~ De,, ) @)
() =21+ 23 (b cos(zas) 3)

A7NA 7= AZVFRRE, Ak A7 SEARE, o
A AL A=9] B, v AAE A7 Zo), k= A DAL
2 2 094 m] Y& 7HAI™, m FA(cutting point),
S(f)= 29 EH U3E oJufgttl Larocque ef al., 1998).

2 Aol A7 RS EYeE A7 1AL A
A7 S AA sk 54 4o 553 v I
At HA 717to] opd YHRE 7|7hE EEste] 3=
At AYEY UEHAL2 A 7)7kef thgk F535 )
A1} RlE &S Tofste] FAQl Hiole E42 37t
SR} A 717kl ishe] = gick

WAFTHEAS A= (input) AH=2] ¥37F Z2(output)
Azo] oEdt FEF v|X=A] wetstr] s 4= AlA
d A7ot 8 AAE A= o ABBAE S5k T
A QL Wrgolct. ojuf e 2t7 9t &9 24w 7+ A
=& A8 (cross-correlation function) 2 VERHTH
2|t AR gholl =2sket 28 5= AR A4
AlZH(time delay)gtal 51, g AA=27F &8 A7 1A
£ o] Fdd fo A7k ougit Y AR &
Arzo] v A= FeFo] WEa 79t A9, o A gHst
7k 23 ANzl A Lretpe, w2 gl )
T okg Aol At TASBIGIE FT LA
A YehdtiChoi et al., 2011; Lee et al., 2022b).

® ATONE 7| TS JuHo ALY 4 Ut
2419 743 9 7)20] Eoio] jAE JL Tt
5] 99 U ARE AT U 712, BY ARE B
B ke 2 eItk

“)

)y, —v)] (5)

A7|A v, (k)= k>0Q Wo] WAAAGS, ¢, (k)= I
AREEARRE, 2,9k e AAE AR, 0,9 0, 2,9k 4,9
EHA, 12 AAD A2 o). 79} i 1,9y, 9 B
< oJu]gtcH(Larocque et al., 1998).

/1

3. Zt A E9

3.1. EY4E DL |E
SUEE 7Rt 5ot A4 0 EGSE AAD Aas
THZE EASHEHIY 3). Al 68 FaNE 0¥ =

(@ 06 80
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Fig. 3. Hourly precipitation in the study area observed by AWS
and soil moisture content measured every hour at different
depths in the areas of different land-use. (a) PSM, (b) SOSM,
(c) BSM.
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Table 1. Lag time based on the results of auto-correlation analysis with time-series soil moisture data at various depths and months

with different land-use.

Lag time (hours)

hand Izceglt)h 2022 2023
Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul.  Aug.
10 N 57 N N 194 201 208 79 212 N 64 163
20 N 207 N N 310 92 132 72 227 N 73 166
PSM 40 N 184 N N 301 88 174 74 242 N 274 138
70 N 185 N N 291 80 155 65 218 308 155 85
100 N 178 291 N 271 136 N 94 248 137 149 114
10 275 201 262 326 164 130 216 91 233 222 77 75
20 N 133 213 N 117 115 316 97 217 209 120 92
SOSM 40 307 183 211 316 97 102 226 63 195 141 148 146
70 187 64 169 N 142 110 186 69 221 140 240 150
100 183 69 N N 192 201 170 94 258 103 205 155
10 N 183 N 108 129 103 N 89 215 138 64 163
20 N 190 N N 159 129 N 89 247 N 73 166
BSM 40 N 49 N N 108 84 246 76 N N 274 138
70 64 179 47 N 116 84 68 48 N 288 155 85
100 N 199 123 N 199 144 138 101 N 119 149 144

N: null, meaning that the auto-correlation did not reach 0 during the period.

7HA] A E Ao, A o) Zrr 20239 749 9
11A]o] oF 43 mm/hrE 7|53 Al ESrE2 &2
< EXolE 9 ool drHoz F43] ST}
AR o 2 Fashe Aol HHEE . PSME -9, 2
o7} T ol gt EYE Wt 7P mizdst

o, 70, 100 cm glo] PRt A= EFGEo] 22 %
Lo] o] BESSHA] e A2 2 YERH T SOSM ] 7
o=, Fol7t derF Aol A% EGE HEphul
A Hebg oo, PSMaF BSMoj v]sf Atz oz Be
FoloflA Egie] Hs} Aol L UeltE BSM
o] B, BE A3t B ®ep7L 7P vt
SFATE PSM} 22, 40 em ol A = 2H2 Ao T
of ¥EE5HA] = A= YElT 70 cm glo] 7o) B
T FFS SAH R T T F 60%7HA] G4 3]
Crdalries

WA Q1 Aol o3l Edi2o] 571 3 H4xdh= BSM
9 SOSM#} 2] PSM] 10, 20 cm Z0]9] EQfEL E
7% 717t <t GRHA L A4 Blojy W =215 F-A]
3t Ao R YERGTE 10 cm o)+ 2022 129 498
] 20234 39 12474, 20 cm Zol= 2022 129 26Y
HE 20239 19 18U7HX| 9] 7|7k B9k 242} 17.3, 14.4%
B G245 P4 F 242 999, 2403F S E 9Tk AWS
9 7] Apzo] oJah, 2022 119 299 004] 13.2C o)
A 20229 129 19 074] -12.7C & ¢k 25.9°C 3173a A
O 2 Yehgth PSME] 10, 20 cm %09 E7o] 52

7ol FA3| A AL B oA olshE UK 7|
2o oJste] £ 1 40| ol WA 2R RO Bt
Hch(Tian et al., 2013). 10 cm Zo]2] ESF=E0] 20 cm
Zolo ARt A STk A BEE e, ol
B4R Zol7h Yol AR 7| st tha Eopre)
ws} whgo] e)7] whEo] Eggte] A B A7
o] Tk et R o2 ARt

A4 2UE 717 5ok Eere] W@ dgik-Aa
2he E|olg- 9l Zolo] ufet theA) LhehdthPSM 37.1,
26.3, 7.5, 7.5, 6.8%; SOSM 20.7, 12.0, 11.3, 14.9, 6.5%;
BSM 28.3, 18.2, 11.7, 51.1, 9.5%). Zo|& I &H3}A] ¥
PSM, SOSM, BSM9| B E4H B HEZE 747
17.0, 13.1, 23.8%=2 el o o), BSM, PSM, SOSM &2
2 WS Eo] = ehgeh Al BUHH AW B AES
93 Qe $UE FERBO H47t AR WolA: 7

T e 2 S AE0l U] ), EdrE

o

3.2, NHZEH 54

3.2.1. TDIABEN U ABER UCEy

EXjol§ @ Zold EGE wUEY 4RE ol g3t
of A7\ Bl AMEY YERAS Skt A
E7j0].82] Zold AAAZHlag time) WEZ F7}
ashe Mok ol FASH ekt Al E4j0]§2)
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WE Zojo|Ae] AT HAHOR WS 1, 2022
d 9URE 12971, T2)1 20231 SURE 6971A) 4
qAos 2o 7leany} et RS ERThE 1),
20234 19RE 49717, 727 2023 7R $Y7IR]
Apeja o 2 vio} 7ol wak} okgt Ao Uepyeh.
PSMoA] Zlolo] met A7]AkEdo] Wstshs Al7]e}
| AN|7k0] 27} EE Ak FE7} ALl et
(T2 4). 10, 20 em 0] FZHAAE 78| 743 880
ThA] 27}, 40, 70, 100 em o] TRl A 74
R 897 AAH o= Fasigh 10 em Zole] 1|2
A|Zo] 2023 2, 390 2-& PR AA) e
g, ol Aol 328 a7t 7l Loz oo BE Yo &

FEol dol iAoz jepL 297 Wee s ddd

A &2 olollA A Bl B2 Al e,
ol &2 7719 A2 Uste Edie] wEA &
H7] 2oz gaEn R s Bl S8t
7T st A A7 B E Aashet), oA A=
Asto] BE| o] T wEA FFEHUA A7)l
37157 2ol

SOSM&] A%, 3, 5,9, 11, 1299 Xp7|1A3Ad o] F71s)
Fom, 4, 6,7, 8, 1089l Aol Hise AT
= BAHAH 5). 4¥ol= B ol A 532
Z A7Vl Aastien, 6, 7, 8¥oll= HolE= &
&l= A7|7F oIl YERLTE 10, 20 em o] 77k

(a) 12 . (b) 1.2
08 {5 _h TR — 08 - . T —
[ =
S 04 - S 04
ko 5 .
g [
g ° g ] -
L= £
304+ 304
0.8 -08 4
A2 : . 1.2 ‘ ‘
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B 04 -
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8 4 -~ — — - December 2022 - June 2023
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,D B T
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Lag time (hours)

Fig. 4. Results of auto-correlation analysis with time-series soil moisture data at various depths and months in PSM. (a) 10 cm,

(b) 20 cm, (c¢) 40 cm, (d) 70 cm, (e) 100 cm.
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shict.

BSMoJ| A = PSM, SOSMI} H|5=3t A3Fo 2 2}7| At
o] F7h B ASHe A0 UeRtIY 6). 9%
Zho] F7ol 4 X|ANIZEe) Wik bato] Aol ekt
g, 70, 100 em Zo] 77kl 9, 18] Ap7|Akwko] %
4519k 70 em Zo] 77k9] 79 ThE o] Fxhuch A
Ao QAR F7h R Ak A7 2 A
Bgon, b2 go| 77t el 3%e] A\ AX|7ke] S5}
A et

Exjo]§ 9 o EU4E AAL A= 7H $A)
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37718 ersp] 918} ARy WERY 5 Afed Y
SV 8 3718 ARSI 7 £ 2). 2HET
WERAY Fg, EgrEe) WE 7|k ExolgEE
2}y PSM2 1,178-4,271 A7t SOSM2 3,417-4,271 X 7L,
BSM2 4,271-4,881 X172 PSME] F7]|7} 7 &L,
BSME)] %717} 71 21 .02 ek,

3.2.2. ELAE1L |20 IAAEEA

EOprEI 34 2 7129 JRBAS sebsp] S5t
of B4 R 712e U AR, EF4E PFS 2 AR
2 Agste] MAYTELS SASHICHIY 8; F 3).
WA PSMe] Eqf4iat 7], 2] mATEY A, 7|

@) 1 (b) .,
08 '\ 08 - —
£ 04+ e £
S S 04
E @
s g o 3
204 <
0.8 04
12 | R I X —— T T
0 50 100 150 200 250 300 ] 50 100 150 200 250 300
Lag time (hours) Lag time (hours)
(C) 12 | (d) 1.2 |
08 - o ~ 0.8 - n
$ S
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-1.2 T T
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Lag time (hours)
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Fig. 5. Results of auto-correlation analysis with time-series soil moisture data at various depths and months in SOSM. (a) 10 cm,

(b) 20 cm, (c¢) 40 cm, (d) 70 cm, (e) 100 cm.
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ANZHE Zol7} Zojzel whet Zh23keb7 100 em Ze]
o ThAl F7bsHe Hee Bgith A BTG
£9) gh2 ZHXI™, 10 om Zolol ] 0.602.2 g 2 3he
74431, 2ol 7k 2ol A BA -0.30904] -0.372) lel A
w202 $7} B Ak

SOSMe] %, A AX|Zke] Zlo|7} Zolde] e} it
U QAR AL 99100, 20 em RoloA] =A] 7
A5 70 em ZololA] Z7HsHTh He) BTG
Q3 AR LA SRSEO R, 10 em Zolol A -0.02
Z 7F Agko ], 70 cm ZololA -0.06 2.2 4 & 100
em ZolellA] -0.13 2.2 Z7}ahdck

BSMe] 79, A AAXI7H 70 cm oS A5k A

H o2 QYA Lk om, 70 em Zolel A 27| ast
73RS Bgich o) LARR0) A8, SOSMTH
A3 10 cm A oo -0.142 7F Zgkom, 70 cm Z
oloflX -0.172 4 T 100 cm Z oo A -0.222 Z7}5}
AT BT

Al 744 EX0] 82 ulmAHEE ), | AXZHE BSMo]
492 X7 ol A 1,247 A 7F o2 71 2k o, PSMoj|A] A|A
Azko] 2418X\7Fell 4 3,752 417k 2 1A 1) AL 02 Le
ek Ho) AR 4, PSMellA 030994 -0.60
o2 7 2 Aoz Uehdi, SOSMo|A -0.026]4 -0.15
2 7FA 2k 8919 ke 7R Ao vehgeh 71t

EgpEe] mAYTEN A Zolo] ME SYH
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Fig. 6. Results of auto-correlation analysis with time-series soil moisture data at various depths and months in BSM. (a) 10 cm,

(b) 20 cm, (c¢) 40 cm, (d) 70 cm, (e) 100 cm.
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A ekt spele

3.2.3. EYLEI Y20 WARIEHEY

PSME] Eop4tat 3] AT A, 10 cm
ZlololA] 9A17ke] A AXIZRE 7HHIm] Zlol7t Zofgle] ot
o AR ANl 75 FFE Holm, 100
em ZlolollA] A gAzke] 66AIZEO2 FASHA $7H5te
oF. Zh BAGBYSE 70 em QoA Pol A4 A%
202 Z7H5}Eb7k 100 em Zolol A BhA] Zasich

SOSME] -, 10 em ZeJollA4 100 cm Zo]74] Q]
el wet QAo BAHOR ke AFS By
o, F) EAFBESE 10 em Zolol4 70 em Zol7A]

L 0.25-0.260.8 2 2}o]= Holx| ¢kgkon, 100 cm Z
o)A 0.17=2 ZHAdhs FFS BHch

BSM€] 7%, 10 cm Z10]o]| 4] 40 cm ]l o]7}A| = 4A17E
o]3}9] g2 X AATHE 7 A2 YEREoH, 70 cm
Zo]2}k 100 cm Zolof| A ZHzF 18, 83Xt &2 FHFHA 5
7¥etct. Ao wxPgsteE ool weh At A
< HolX| ¢kt kel AV A Bl A ) 20
cm Zo]o|l A 0.172 ZA3FF 7} 70 cm Zo|7HA] 0.27=2
Z7F8taL, 100 cm ZoJollA] 0.13 0.2 thA] ZhAsh= 3
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Table 2. Periods at the highest spectral density based on the results of spectral density analysis with time-series soil moisture data

at various depths with different land-use.

PSM

SOSM BSM

Depth (cm) (hours) (days)

(hours)

(days) (hours) (days)

10 4,271 178
20 3,417 142
40 3,417 142
70 3,417 142
100 1,178 49

3,797 158
4,271 178
3,417 142
3,797 158
3,797 158

4,271 178
4,271 178
4,881 203
4,881 203
4,881 203
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Fig. 7. Results of spectral density analysis with time-series data on soil moisture contents at different depths in areas of different

land-use. (a) SOSM, (b) PSM, (c) BSM.
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Table 3. Maximum cross-correlation coefficient and time delay based on the results of cross-correlation analysis with time-series
soil moisture data at various depths with different land-use.

PSM SOSM BSM
[():II:)h Precip. Temp. Precip. Temp. Precip. Temp.

(k) T r(k) T r(k) T (k) T (k) T r(k)
10 9 0.16 3,752 -0.60 6 0.26 1,122 -0.02 2 0.23 1,225  -0.14
20 16 0.15 2,529 -033 15 0.25 477 -0.15 4 0.17 1,221 -0.29
40 32 0.18 2434 -035 14 0.26 1,310 -0.15 4 0.23 492 -0.30
70 27 0.21 2,418  -0.30 15 025 2464 -0.06 18 0.27 1,222 -0.17
100 66 0.12 2,455 -0.37 32 0.17 1,702 -0.13 83 0.13 1,247  -0.22

T: time delay (hours), r(k): maximum cross-correlation coefficient.
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Fig. 8. Results of cross-correlation analysis between time-series data on soil moisture contents, air temperature, and rainfall at
different depths in areas of different land-use. (a) soil moisture-temperature in PSM, (b) soil moisture-rainfall in PSM, (c) soil
moisture-temperature in BSM, (d) soil moisture-rainfall in BSM, (e) soil moisture-temperature in SOSM, (f) soil moisture-rainfall
in SOSM.



BHEEEINIT

A BE AN A RO Urehdeh Hr) A
= PSMojlA] 0.12-0.21 2 We ZHe 7ixe= Aoz
UERER, 100 cm Zo]E A LJ3HH SOSMo] 0.25-0.262.
2 /M 2 gk 7 A0 rehdeh Ho) mapge
4 =018} Golol net 0.12-0.272 We ghe 7}
A Ao Uehtom, o] 47} Egom sk
oI st £5) o402 Qlsiel 2504

7} 24 E|Q)7] wjEel Ao 2 HHETHLee ef al., 2022a).
AAH 02 AAARHE Zol7k Zolyo] ket F7Hsks 2
B Bgon] A BAYTISE PAHOE 70 cm 2
ol7Hx] Zolde] wet Z7HSIehrt 100 em Zolol A 74
She Ak B

4.2 E

Exjo]go] T2 EoRe] AAY S4u 714 WAkl
THE W S4E sletsly] $istol charet 2ol A
T gl BEAG ESE Ae St AAY
e Sastolnh. 24 AL 69 FaiE 09 2714
AFE ] Uehgon, Eg4Ee 74 A wgsiel
ANH oz FAF| Z7HE F Azko] AukaA A3 7
A3He AS BYTh EYLEL Fol7t gerE P4

o WsHA Whg st on, Al 7H EX|ol g % BSMelA
74eol) ol Eopo] WIS WhESHe A0 Uehg

ok A&Ho] EETTINA RS 71202 cldte] m
3 270l gao] 91glow, BSME] 70 em o] F7kelA
Eopgsto] o AH 02 WESH 2212 Tekst] $15to]
s ko] EoF S4o] that 37129l A7 P asie.
4 AV A3k A EXol§ B B A7)
A AXIZre] MRk el AR Lebgtet. 2ol
ot A S AR AYGE A e 3
$40.2 40 cmelA] 70 em F7F THNA A HAIZE] 7
adte g Eoﬂur £ 774 BRF0R AL
A 712 SPOR EFSE GO o) Ho| A4
Azke] ZA| Uehgrom, clSHol 2e 42 st
A@ANzro] B ekt Ao2 wad A9EY U
EEH2 B, B4R UE T/ PSMoA g B,

BSMoll 4] 71 71 Ao Lheprt.
EsE} 7o) wAAE Au, )& wsje] i
2 EQepe 8o BAE AT Wslshs Aow e

ston, Zojol] ujg AL tehix) etk EAl0lE
W32 BSMol|A] A AA|7Ho] 7 Eoro ), PSMol|A] 7HaF

A%t o maEs= PSMojlA| 71 $1.01, SOSM
A 71 2R Zro 2 yEhgth EokBal Fi2ako] 3

oT o

A A el do) YRS mas e B

SETGNM EXI0I2E

EY+EY AHE

.Illﬂ

HIW! 99

AE 7HA 1L 3= A= L]—E]—kb:} | AAX 7R Zo]
7k oo wret AolA e A welow, Ho) wAy
B 70 om 20171 Z7HSHEb7H 100 om 2011 2
6} S Bk
2o NA G 5L B0l g GARE AT
é% o}, Zhzke] EA|o]g7E AR HQ Holg PR
517] S5te] 2ol YwRAL B EF| 5L o}
3h= Zlo] Wasith o|jet FA ATEL EA0E
3} Zlojo|| W2 EoFpR ] oFA)t W A AR S FatA o
2 vehlie, 35 Ef A2wle] B 9 o2 443 4
HE Alseih

>

l

A =

o] Jil= F(I &P RFA) ] AP R =
FAtS] 2] 9-E Hho} 435 7<)(No. NRF-2021R1F1
A1064027). =& 22 AENFA 4 A49A T
At=g Yt

Al

REFERENCES

Baek, H.J., Ahn, K.D., Joo, S.W. and Kim, Y.J., 2017, Long-term
changes in wintertime precipitaion and snowfall over Gangwon
province. Journal of Climate Change Research, 8, 109-123.

Berg, A. and Sheffield, J., 2018, Climate change and drought: the
soil moisture perspective. Current Climate Change Reports, 4,
180-191.

Cha, J., Lee, J.Y. and Chia, R.W., 2023, Microplastics con-
tamination and characteristics of agricultural groundwater in
Haean Basin of Korea. Science of The Total Environment, 864,
161027.

Choi, H.J., Jo,N.G., Yoo, K.O., Choi, B.S. and Kim, S.M., 2009,
Weed survey at environment-friendly agriculture farmlands of
Haean-Myon, Yanggu. Korean Journal of Weed Science, 29,
32-38 (in Korean with English abstract).

Choi, HM., Lee, J.Y., Ha, K. and Kim, G.P., 2011, The study on
time series analysis of groundwater data and groundwater re-
charge in Jeju Island. The Journal of Engineering Geology, 21,
337-348 (in Korean with English abstract).

Erler, A.R., Frey, S.K., Khader, O., d'Orgeville, M., Park, Y.J.,
Hwang, H.T., Lapen, D.R., Peltier, W.R. and Sudicky, E.A.,
2019, Evaluating climate change impacts on soil moisture and
groundwater resources within a lake-affected region. Water
Resources Research, 55, 8142-8163.

Fu, B., Wang, J., Chen, L. and Qiu, Y., 2003, The effects of land
use on soil moisture variation in the Danangou catchment of the
Loess Plateau, China. Catena, 54, 197-213.

Gil, M., Kwon, H.H., Kwon, Y.H., Jung, M.J., Kim, S.Y. and Rhie,
Y.H., 2020, Growth of Minuartia laricina, Arenaria juncea, and
Corydalis speciose in Field with Various Soil Water Contents.
Protected Horticulture and Plant Factory, 29, 344-353 (in
Korean with English abstract).



100

Ha,K.C., Kim, Y.C. and Kim, S.Y., 2016, Monitoring of soil water
content and infiltration rate by rainfall in a water curtain culti-
vation area. Journal of the Geological Society of Korea, 52,
221-236 (in Korean with English abstract).

Hong, E.M., Choi, J.Y., Yoo, S.H. and Nam, W.H., 2012, Analysis
of soil moisture characteristics in nut pine forest about seasons
and soil layers. Journal of the Korean Society of Agricultural
Engineers, 54, 105-114 (in Korean with English abstract).

Kim, J.H., Oh, D.K. and Yoon, Y.H., 2013, Effects of super absorb-
ent polymer on the growth of vine plants. Journal of Environ-
mental Science International, 22, 801-810 (in Korean with
English abstract).

Kim, J.J., Jeon, W.H. and Lee, J.Y., 2018, Estimation of deep perco-
lation using field moisture observations and HYDRUS-1D
modeling in Haean basin. Journal of the Geological Society of
Korea, 54, 545-556 (in Korean with English abstract).

Kwon, K.J., Jung, H.H. and Park, B.J., 2015, Effects of Irrigation
Frequency on Growth Responses of Indoor Foliage Plants.
Journal of Korean Society for People, Plants, and Environment,
18, 379-385 (in Korean with English abstract).

Larocque, M., Mangin, A., Razack, M. and Banton, O., 1998,
Contribution of correlation and spectral analysesto the regional
study of a large karst aquifer (Charente, France). Journal of
Hydrology, 205, 217-231.

Lee, J.Y., 2009, Importance of hydrogeological and hydrologic
studies for Haean basin in Yanggu. Journal of the Geological
Society of Korea, 45, 405-414 (in Korean with English ab-
stract).

Lee, J.Y. and Lee, K K., 2002, A comparative study on character-
istics of waterlevel response to rainfall in the two aquifer systems.
Journal of Soil and Groundwater Environment, 7, 3-14 (in
Korean with English abstract).

Lee, J.Y., Raza, M. and Kwon, K.D., 2019, Land use and land cover
changes in the Haean Basin of Korea: Impacts on soil erosion.
Episodes, 42, 17-32.

Lee, K M., Baek, H.J., Cho, C.H. and Kwon, W.T., 2011, The recent
(2001-2010) changes on temperature and precipitation related
to normals (1971-2000) in Korea. The Geographical Journal of
Korea, 45, 237-248 (in Korean with English abstract).

Lee, M.W.,, Lee, S.B. and Lee, J.Y., 2022a, Comparison of Soil
Permeability and Time-Series Variation of Soil Moisture in
Areas with Different Land Use in an Agricultural Region of
Gangwon Province, Korea. The Journal of Engineering Geology,
32, 483-498 (in Korean with English abstract).

Lee, S.B., Lee, M.W. and Lee, J.Y., 2022b, Characteristics of soil

moisture variation with land-use in the Haean basin of Gangwon
province. Journal of the Geological Society of Korea, 58, 335-
346 (in Korean with English abstract).

Lozano-Parra, J., Schnabel, S. and Ceballos-Barbancho, A., 2015,
The role of vegetation covers on soil wetting processes at rain-
fall event scale in scattered tree woodland of Mediterranean
climate. Journal of Hydrology, 529, 951-961.

Mathias, S.A., Sorensen, J.P. and Butler, A.P., 2017, Soil moisture
data as a constraint for groundwater recharge estimation. Journal
of Hydrology, 552, 258-266.

Mileham, L., Taylor, R., Thompson, J., Todd, M. and Tindimugaya,
C., 2008, Impact of rainfall distribution on the parameterisation
of a soil-moisture balance model of groundwater recharge in
equatorial Africa. Journal of Hydrology, 359, 46-58.

Nash, M.S., Wierenga, P.J. and Gutjahr, A., 1991, Time series anal-
ysis of soil moisture and rainfall along a line transect in arid
rangeland. Soil Science, 152, 189-198.

Raza, M. and Lee, J.Y., 2022, Relationship between agricultural
land use and spatial heterogeneity in quality of water resources
in Haean Basin of Korea. Water Resources, 49, 515-524.

Raza, M., Lee, J.Y. and Kwon, K.D., 2019, Land use and land cover
changes in the Haean Basin of Korea: Impacts on soil erosion.
Episodes, 42, 17-32.

RDA (Rural Development Administration), 2024, http://soil.rda.
go.kr/soil/chart/chart.jsp (January 4, 2024).

SU, S.L., Singh, D.N. and Baghini, M.S., 2014, A critical review
of soil moisture measurement. Measurement, 54, 92-105.
Soulsby, C., Scheliga, B., Neill, A., Comte, J.C. and Tetzlaff, D.,
2021, A longer-term perspective on soil moisture, groundwater
and stream flow response to the 2018 drought in an experimental
catchment in the Scottish Highlands. Hydrological Processes,

35, e14206.

Tian, H., Ye, L. and Chen, H., 2013, Study on effect of soil temper-
ature on FDR soil moisture sensor in frozen soil. Intelligent
Information, Control, and Communication Technology for
Agricultural Engineering, 8762, 334-338

Wang, S.A., Fu, B.J., Gao, G.Y., Liu, Y. and Zhou, J., 2013,
Responses of soil moisture in different land cover types to rain-
fall events in a re-vegetation catchment area of the Loess Plateau,
China. Catena, 101, 122-128.

Yun, S.W., Jo, Y.J. and Lee, J.Y., 2009, Comparison of groundwater
recharges estimated by waterlevel fluctuation and hydrograph
separation in Haean basin of Yanggu. Journal of the Geological
Society of Korea, 45, 391-404 (in Korean with English ab-
stract).



