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Characteristics of soil moisture variation with land-use in the Haean basin of
Gangwon province
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2 20U71A] 0] AEES AADEA o] gt £, e 9 EXo]g ESRIE 249 95 203
(EDN1~10, EDS1~10)2] 242 8-& 27} AAste] 20224 249 16U2E 20224 49 12U744] 23uic} 10
cm Zolo| A EGSEFFS 245Gt EYSE Fe 1 e w2 2hol2 & 4 fgey
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B Fako] 20hgko 0.139 m'/m’2 oAl 39 EXol4 5 7Pt W 54L& 715 Th RTAS RTG| &}
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ABSTRACT: In this study, we observed the soil moisture with altitude and land use in Haean-myeon, Yanggu-gun,
Gangwon-province. For understanding the variation of characteristi0613cs in more details, we installed the
automatic monitoring system with depth at apple orchard and ginseng field, which are rapidly expanding in the
research area. For automatic soil moisture monitoring and time-series analysis, we installed the soil moisture sensors
with depth (10, 20, 40, 70, 100 cm) at two sites (RTA, RTG) and extracted the data from October 19, 2021 to December
20, 2021. In addition, twenty measurement sites (EDN1~10, EDS1~10) were selected to measure soil moisture
content with 10 cm in depth with altitude and land use and we conducted the field works every two weeks from
February 16,2022 to April 12, 2022. There was no significant difference in soil moisture content when compared
by altitude. However, in the result of comparing soil moisture contents by land use, the median soil moisture contents
in potato field was 0.316 m*/m’, which was significantly higher than other land uses. The median of soil moisture
content in radish field was 0.139 m*/m?, which was the lowest among the five types of land use. As a result of
autocorrelation analysis on soil moisture content in RTA and RTG, both land uses responded rapidly to external
influences in the order of depths (10, 40, 20, 100, and 70 cm). As a result of crosscorrelation analysis, the RTA
showed the maximum crosscorrelation coefficient of 0.39 when the input factor was temperature, and the RTG
showed the maximum crosscorrelation coefficient of 0.48 when the input factor was precipitation. The result of
this study is useful to understand the hydrological process that rainfall recharge groundwater through unsaturated
zone.
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3o} -2 Wi AR o 'IAY-E of7lstkaL Sk
(Goderniaux et al., 2009; Baek et al., 2017, Batalha
et al., 2018). oo B2 Ul A= A& 2t
A9 o] A FHE 8l =star ok
IF ke 598, THET L AEE
T U7t EFol thFSHA ANEEH e T8t
AYo g 22 7o oJsf) EXI) EYe R IF
o FEEAY A FSE ol FSE

Ex3H Wl 359 = &2 ok B
B2 AEY L A4 FE A Xkt T
2B51Hel 3L oot B Re R4 27
2K (hygroscopic water), A H=(capillary fringe
water), S8 4(gravitational water)2] A 7}x] HE|
2 ZA$cHKim et al., 2016). 2= E9F R}
FHo| ExFo] o8l gF2 uhs o|F+= Eoltt. o]
27t golbA F=0 AR Eo] g oR
FAEH BATEal ot S8ae o B
7 BASAY 74 Soll sl 350] 2IEH U=
o} o] o3 51eF o] Fshs & URITHKim et
al., 2013; Ha et al., 2016).

BB B9 B4, A4, 7R, EX
ol 9 B2 72| wle} cropet WslE Mol
(Hong et al., 2012), AF| = A9 20l &
2| 9E Fgol 7P & e L=thFu et al., 2003;
Wang et al., 2013; Lozano-Parra et al., 2015). o]}
25} Choi ef al. (2010)& EoFBT} 712 o]
AEZBAS ATt 53] BEYTE, A 32
A 52 YRS 7HEE A5t Woo et
al. (2011)Z 99| 47, 2, Askr9] 221
Erio Aedwde dste] Bl 9
FE e 89S BEYY AR A BEY
9] s A= Alsk917F SAIsH AL 45T
Fang et al. (2016) Eof4B2o Uiy oa 7k
W20l Jakg wort ghyre] AF7}0-30 cme)
Eggolout 230 SIHA qlom ¥ & B
R L = g o =

2 AFA G2 FY A G2 o] AA |
o o] e AR Q1 =9 QlFatekol| o7 AFAA}

Y BYL 2T 53 SelAEE U A5k
AT A o) FUa Hlwste] AT
o 9] 2|48 S4o] H7HR vt glek(Yun
et al., 2018). Lee et al. (2019) SQFER] 2] EX]
ol§ L EX5 % Wisle] FE3h1 S ABEH 52
S o] kAol thef RAIste] 248 27
S0 7P 2 G 712k Wl v gk,
348 Kim ef al. (2018)2 RHEAA ol H(30,
60, 90 cm) 2 EQFE-S Sk 7R A
3 Ex3H) 4~z mdlg T2 9] HYDRUS-1D
2 ol goh WA A3k TP 2ok
o|BF EpR EX|0] 9 WA U A7
7 2hrs] AT G 7k =xolg d Zol
o WHE ESE o] WEtE Hud A )
u]5}cH(Chia ef al., 2022). £ Ao A= EX] 9] o
$Ho] HA2 o] §EL $EAGS o2 217
2 Exo]go] B2 EE) AAGH WS
Y3l moprRe] G ud 4 g 298

Whste A4S BER Rk
2 AP Y gy

2.1 AA|H

AFA G2 FFT G AHe S dietHe
2 2% AT f90 g =, A9 Bl &
9] 38.239°-38.329°, 7 128.083°-128.173°¢] ¢
A3kt SliQFH 2 7FaHE(1,242 m), =54K(1,147
m), -$-4K1,056 m), D4HZ(807 m)a} Zo| s
1=7 22 AREE S8Rt 9oL, SAGEHE 410
m)o] FEHgE EX] X Fo|th(2H 1). &A9 T4
A o 2 ZpE ZAKQF 20~50°)7F F3i A A
A E Al st HA 2 53 BARE Z=THYoo et
al., 2008). FHER L FEoZ ZZ0] 10.5 km,
FAE @50l 6.7 km & Bl ol 1 ®efo| uf
A S 12A Y AL sto] Uvg HA]E(Punch
Bowl)o|2}aE FHcHLee, 2009). dfiQHEx]2] B4
ARNLE EAFEH APEIAAE R IA F 717
Ao 2AZFAEL 15 TA7} m] ok B2
A A A Eo A Hrolgof AR 29k A 7H ¢
e A YA ApER Ao ot EXF Al
oh B3] S0l £Est= PRI 9 24
2 HulotE o At o2 F33] Al ofste] S
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g 2oFE Bt H itk siAoltWon et al.,
2006). SQHEX] ] &JF-2 AztE o] Mt &
A2 Aokl ", FHe 2 FYE, o] E 77
7] RSP Hgol B o] FEr] 3
2 EE R 3P ek SRR P e s
UERJ™(Won et al., 1987), L ARofl= A 47] &
AZo] FAo s gt g JAEXEY 7
T+ A2 251HS v Z3ste] FA = sfiet
B4 E3 A 9 2P7 B4 wet 2515 0]
=2 19 FgRERE EHse 2R &3ttt
(Chang, 1997).

7137 olA Fohe SFHANT A AE7 |
Z2ZH|(Automatic Weather System, AWS)2] 20214
7Rk W= AR 9] ATt 2a7)L 32.7°C,
A7) -21.8°Co|w A7t YBH 7|2 9.3°C= A
Z 71227} o It =253 (Rural Development
Administration, RDA)9|A] A &sh= ESE AR =
SEH]| I=H SRHEX] O] T B2 AIYFE(Sandy
loam) 4,185 ha, %FE(Loam) 1,904 ha, "|AFAAFE
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(Silty clay loam) 21 ha®] HF oz Hxsl A&
EAL AoF-(Coarse loamy) 5,241 ha, 2982 (Silty)
820 ha, AF&(Sandy) 33 haz LFERITHRDA, 2021).

2 AFA oAM= Ast T 7150l e
2 == ez S AEeH] E4o] a9 vt
QTHYun ef al., 2018). 1A AFHA7]-L Ao
e} SiQHEAI7E QA Aful 2] &A= Frpon
SRR 9] 214t FAIHAZ 2015H 184 haojlA
2019 316 haZ 713011, = WAL 20154 304
haolA] 20199 136 ha@ Z+-A5HAT}. S+, Al 2]
B E2 WAL 20154 55 hao] 4] 20194 110 ha®
F7H o Fre] S WAL ST E HSE B
O] R] UJTHZH 2; Ministry of Agriculture Food
and Rural Affairs (MAFRA, 2021)).
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22.1 EofB Al 7[R R 3]
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Fig. 1. Study area and soil moisture content measurement location map.
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39 EXO]&(A], PE, Alapd, Fi, AR;
e tate g e 420 mEE 500 m7HA] E
FLH AR 20X H(EDN1~10, EDS1~10)
ARSI 2022 2 16U EE 20224 49 12
7HA| 250ct Bk SRS SAJgich 3L, 3
QFHS| EAQ] AEJIARHRTA) T QAFHRTG)
< e 2= F AHE o AAste] vjA] HZapct
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Fig. 2. The cultivation area of rice paddy, ginseng fields,
apple orchard and radish fields in the Haean basin from
2015 to 2019 (MAFRA, 2021).

Zo|H=2(10, 20, 40, 70, 100 cm) EU4E =S
Asoz Sk Ala"e E3(2H 3) 2021
9 10€ 2195E 20219 129 2047121 2] A|AIE
A28 5ok 7R A9 el 714
ARAYELS T 2L 4 Y slebEe] AWS
of AFEL U= 7L, TH 35 AE 55 7]
PARE 2ol EA o &-g-513tt
ETETE 545 915to] EDN, EDS9 3¢
EokrHSlEr 4l Eore 2 =XFl= TEROSII
(Meter Group, USA)AIA S ARE-3}4 1L RTG, RTA
= EYrEdES £43 = 10HS(Meter Group,
USARJAIAE A3t} o] 5 AlAE 2 FDR
(frequency domain reflectometry) 2] 02 EoF=
Re 280 248 ke B2 9 AR do]
E|2A4ZL6 (Meter Group, USA)E TR =2 K1
H 4). o] 27+= EDN % EDS XA = %5
A A d2E XY S 2719 B0 E AN
wm, AARZE 2UEF AHRTG 2 RTA)oA = &
7ol Aa|Eo] 22l FAle S8 AW ¥4 Hlo]
Z2Al0] B2 o 2 AR E|QITh

222 EFA = B

EFrEdg e ddE i A= 89
sl EAS ER187] $18fl RTG, RTAZ| ] E
F& O R A F 10, 20, 40, 70, 100 cm Zolup
o} F 107]9] EFA RS ZH2} 500 g& 2 FH 3t b
d Aujuljo]] Ha gl sty A3 A= A

Fig. 3. (a) Ginseng field and (b) apple orchard with automatic soil moisture content monitoring system.
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A9 ksl as o] 83 Al Bt R {171
=a= AA & Axste] AR sk dA2E
AlgE= 4.0, 2.0, 1.0, 0.71, 0.5, 0.25, 0.125, 0.063
mm Ao A4 £ 0.063 mm °]5}F A 2= Y=

Z27](Mastersizer 3000, Malvern, UK.)& &
3 0.001 mm =719} AA7HA] EA 8T o7 A
Ao Q. By A7 ES v] HFE(United States
Department of Agriculture, USDA)S] EUSEAE
5 A7} tolol 1ol mAIsko] A3t AR
E48 sotsioirh

2.2.3 NAHGEA

248 EgSR AAd AR A4Hel UE
=47} o5 2o et we R =S U7 915 2}
FVBEA S Stk AR AAE AR
o] Azt we Aw HES i) S8 At
£ BARo 2 het o] Akt

7= Cov(xp:ch)

n—k 1
:%Z[(xﬁﬂ)*(rﬁkfﬂ)] W

_ Covlxz,iy) 7,

or = Cov(z,z,) A @

AZIA o =RV, v = A7 84N, 2=
NABAR, =ANABARY B, n=AAEA=
o] B4, k=AFAX7Klag time)o|T}. 135E A|=}5}

£ A7) 0o o] 271714 2] A ANk
B3 A7AAAS B35t Eti(Jeon ef al., 2016;
Yun et al., 2018). A7\ AAstr7t =24 44
5 A% AVEEAEE 7Y 2 7198 nE 7HA
T, AR A s XA
o] of}i e 7]l ETE HAITk ShakcLee
and Lee, 2002a). R XAIASHE T A A |G A2 2
A2 oEES Yetl= AAE 4= tadt
ol ALtET}.

72y (k) = Cov(z,x, 1))
= %i[(xz —u,) 7(yt+k7ﬂy)]

k
o (1) = 7% @)

0,0,

)

AN p,=ANAGAR 2,9 B, 1, ~AAEA=
v,2 B, 0,=x, 2 FEHALO|H o =y, O] FZHA}
ofc}. AT 71 o whe] A ANZEE
olg310] AT ol o] EolAle Ak LS
AR o 2 A 4= QIti(Larocaue ef al., 1998).
2 AFollA= BEgEel ¥ vA= A=A
57 712, AlE =2 AA3 2 m(Ruosteenoja et al.,
2018; Kim et al., 2020) 74 2 ZaPAFeRgrS
Hol= A AArZte] 25 2 H=A v x|,
Tegte] 245 I 9 B=rt Akar s4skel
THLee and Lee, 2002b; Choi et al., 2011).

Fig. 4. (a) ZL6 data logger, (b) TEROS11 soil moisture-temperature sensor and (c) 10HS soil moisture sensor.
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2.2.4 Kruskal-Wallis 23

EDNI1~103} EDS1~10 X A4 &A= EU
B Apzof| Ao 7h QEA] Yok ] fi8l FAE
A2 ;W e] PASTE o|-85}e Kruskal-Wallis A
AL 5395tk Kruskal-Wallis A& BAREA]
(ANOVA)OIAH 4] 7140 Bl erg o) A}
&5t Bl FAAAHCE, & A oY =9
AES vl f AR-ETtHGaur and Mohanty,
2013).

T AFHS v wE d= vha 22 7HE(Ho:
A2 e R BE SN BEREUF T
of(median) 2o = gick, Hy: A2 oh2 1w 7
BT BT FUl SIlE Aolr}
Uth= Alger Exjol§ ¥ AHS vud tf=
CFS 3} 22 74 2(Hy: AR T EAol8E B2
AR BT T Aol ok Hi A
2 12 EAol4 B2 AHETY EISRAT
FGol Argl= Zel7t Arh< Al AF=EEE p
(BAA Fele2)ke] 0.05 mto]Hd 7 HeE 7]
7hale A o 2 1 45kthSchaufler et al., 2010).

3, 11U 9]

31 EY-EEY HE £

EDN1~103} EDS1~10 QoA 243 B
B3k 22 S EE(FEiE 420, 440, 460, 480,
500 m), EX|O|-&E(APE, Qabd, B, =X, 3
AN E Bl AT 11 v A Hh2
420 m Z1oJEE] 500 m Zo|714] 0.198, 0.165, 0.163,
0.175, 0.194 (m’/m*)2 Z Z}o]E Ho|x] ggith.
Zo}zH(median) Q] % 420 m & °] 0.209 m*/m’
2 7P =9k 440 m Ao 0.147 m*/m’ 2 713
e EGTEES Btk 158 BRI
= AAH R XH 7+ & Zpo|& HolA| gter,

500 m ] ¢] z}& B3Z7}0.055 m*/m’~0.355 m*/m’
27 W2 Y S EAtHa" 5, & 1).
210 vk EX|o|-§ E v AT} RO Bk
o 2017k 0.316 m¥/m?, ] 0.355 m¥/m®, 3
4 0.231 m/m’Z gjRE| Exjo|go| uls| Y5
3] H& e BT ko] 24:gho] 0.095 m'/m’,
Z|gigko] 0334 m/m’2 71 W H9e B
Balke Bgou U7 0.139 m'/m’E oAl
T EXo]& 5 7P FUTHH 6; & 2).
RTAS} RTGOJA] Zo|H 2 EQfrBeaFs H=
3t A1} RTAS} RTG 25 10 cm Zo|o] ELE
slaFo] 7+$ A 270z Zy)ska, A A
St = ok RTA= H57|17HE4E 40 cm
Zlo]9] Bkl A& thE Zolit =
%o, 100 cm zo]9] EkpERFE A 7HE
22 ghe BT A7 3.4 mmE| ZresFo] WAy

05 —

o
=

o
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I I | | I
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Fig. 5. Soil moisture content variation at specific ele-
vation (420-500 m).

Table 1. Statistical analysis of soil moisture content data by elevation.

Elevation () Mean (m°/m®)

Median (#2°/m®)

Maximum (#2%/m%) Minimum (#2°/m?)

420 0.198 0.209
440 0.165 0.147
460 0.163 0.160
480 0.175 0.153
500 0.194 0.184

0.327 0.072
0.344 0.074
0.328 0.065
0.332 0.068
0.355 0.055
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F& f= 10, 20 cm oo EFSEIFT Z7}
st ot A7k F 5.5 mme] Zgeako] Hh S uf
=40, 70 em o] EFLEIIIA dA K o2
&SI RTGE| B2 RTARH =
ol o WsHA ¥t 10 emojlA 100 cm 7}
28] BE FHoloA 574 717kEet W BE 7
% odl Eof ta] A5t A A 3] radhe %
e BYH(A™ 7).

32Ed L YEEE EHY

RTASHRTGE] B RE 2427 thiol
Bz 2F76~88% HY=Z VERITE nA = 2F 11~19%,
HAELE oF 1~-4%2 AESIFo] Udth USDAS E
4B S nel B8 AT RTAS] 10,100 eom 2
0]9] EOF2 AlE(sand), 20, 40, 70 cm Z o] o] EF
2 FAALE(loamy sand)ZE BEFE|Ql o, RTGY)
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Soil moisture content (ms/me’)
=
I
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Fig. 6. Soil moisture content variation at different land
uses.
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Fig. 7. Soil moisture contents measured every 60 mi-
nutes at depths of 10-100 cm at (a) RTA and (b) RTG
from October 21, 2021 to December 20, 2021.

Table 2. Statistical analysis of soil moisture content data by land use.

Land use Mean (m*/m®) Median (#2*/m”) Maximum (#2%/m*) Minimum (m°/m*)
Apple orchard 0.200 0.185 0.313 0.094
Ginseng field 0.175 0.203 0.234 0.072

Radish 0.158 0.139 0.344 0.095
Bare ground 0.168 0.163 0.305 0.083
Potato 0.311 0.316 0.355 0.231
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Table 3. Soil particle size distribution and soil texture types.

Site Depth Sand Silt Clay Soil
(cm) (%) (%) (%) texture
10 85.86 11.93 1.84 Sand
20 76.27 19.45 4.30 Loamy sand
RTA 40 80.35 15.70 3.95 Loamy sand
70 79.56 16.91 3.53 Loamy sand
100 85.28 12.23 2.50 Sand
10 80.94 16.78 2.29 Loamy sand
20 87.03 11.82 1.14 Sand
RTG 40 85.45 13.17 1.40 Sand
70 85.85 13.06 1.08 Sand
100 87.66 11.28 1.04 Sand

Table 4. Result of Kruskal-Wallis test for equal medians.

Test for median of each elevation

Test for median of different land uses

H HC b
5.098 5.098 0.2774

H HC b
21.01 21.01 0.0003155

TEEe] ok zloldf Bls @A3] Wal, ¢4to]
o 30 cm gle] Qolo|q EF4EE F4517] )
Fof 40 cm Z0]7} 10, 20 cm Zo| Bt} Bk B3t
o] =2 Ao Z HASIHETHYu et al., 2019; Guo
et al., 2020).

3.3 Kruskal-Wallis Z4 A

EDS1~10%} EDN1~10 A}o]¢] Kruskal-Wallis 2
AT 1= ErEY Fel tiske] A3
< YRS 9] pAt2 027742 AFIHEE 71
SHA] grof Tl = Bk Rt 42 Aol
7} kL =] ik 1of] Whef EX]o]-8+E Kruskal-
Wallis A4S 2:313}9L 1 pZhe 0.0000322 7
27198 71%ste] thAl EXjol 8 EEa
o) k2 fofat 2ol } ek SASHITHE 4).

34 AAHEH £

RTA9} RTG O] A7) -4 A3 Z1o] 10 cm -
2 BExolgof BAGlo] BF A7 |47t 7}
A wWEA 0o E=gste] Apr|FHAdo] WaL, F2
719 &35 7Rtk s Afstgict. RTAY] Zlod
A7 A E Zo] 10 em 77 166 A AX|7E
gkl 0] =YL, 1 3 40 cm 7Fo] 332 XA

7o) 00l =&t 1 F =2 20, 100, 70 cm F-7Ho]
A2 00 =LAt RTGE] Zlold A7|Ake
T4t 709] 10 em ko] 73 A7k 0] =
galo] RTART} 93 A AX|7H wh2A) Edslqc
1 S=Z 40, 20, 100, 70 cm=£7to] X U= 09 =
Glo] RTASH & &A1 271 8eH7) 00] =
gsle] = EX|o]E R Zlo] 10, 40, 20, 100, 70
em 7 AR 71 G3LFe Ao Y
THE 8).

7N, A% AYGES duUgoR, B
o zEgo s AAF TATEAAT RTACA
QJagro] 7129l ] 628 A AA|7H0] 0,392 74 =
TABASE Bgon ezl Adamsl 7
o] ezt W) Zkz} 038, 0.329] ZhaAHt
PASE BHTHIY 9). 0] B$ LE Qigte] o
3 AYTAABAST} 045 HA) got ArwAo]
A7) b 7] oflg) BA B A4 mejo] £
] 53} 2 ThE glo] 71E, 4k s Eet
2 Qezhuct RTAS EQ45ER ol o
2 ARk F1 Ik A 4 k.

ool wkall RTG] 7% Qleizke] A4 o 2
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Fig. 8. Autocorrelation analysis of soil moisture content at different depth of (a) apple orchard and (b) ginseng field.
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Fig. 9. Crosscorrelation analysis between (a) air temperature, (b) rainfall, (c) relative humidity and soil moisture
content at different depth of apple orchard (RTA).
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Fig. 10. Crosscorrelation analysis between (a) air temperature, (b) rainfall, (c) relative humidity and soil moisture
content at different depth of ginseng field (RTG).
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