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Soil Moisture Monitoring at a Hillslope Scale Considering
Spatial-Temporal Characteristics
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Abstract

In order to analyze movement of soil moisture, Time Domain Reflectometry(TDR) with multiplex
system has been installed at the Bumreunsa hillslope of Sulmachun Watershed to configure
spatial-temporal variation pattern considering seasonal characteristic. An intensive surveying was
performed to build a refined digital elevation model(DEM) and flow determination algorithms with
inverse surveying have been applied to establish an efficient soil moisture monitoring system. Soil
moisture data were collected through an intensive and long term monitoring 380 hrs in November of
2003 and 1037 hrs in May and June of 2004. Soil moisture data shows corresponding variation
characteristics of soil moisture on the up slope, buffer, main channel zones of the hillslope which were
classified from terrain analysis. Measured soil moisture data were discussed in conjunction with flow
characteristic through terrain analysis. Regardless season, immediate responses of soil moisture about
rainfall looks similar but recession and recharge are primary characteristics of intermediate soil
moisture variation for spring to summer and fall to winter season, respectively.
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Table 1. Soil Moisture Measurement Locations and Number of Sensor

No X Y Z Waveguide No.
1 196.5500 220.0900 214.3850 2
2 197.5340 210.1900 206.9428 2
3 199.5000 190.3900 193.8380 2
4 199.4991 180.4542 187.9558 2
5 200.2024 173.6500 184.0540 2
6 202.4400 170.5900 182.3309 2
7 200.4800 160.6900 177.4398 2
8 198.7020 167.6832 180.5126 2
9 195,6149 188.7644 192.3547 2
10 197.7631 200.0781 199.4705 2
11 187.8011 204.7512 204.4899 3
12 190.5481 192.9881 196.4938 2
13 189.9919 181.3193 189.8916 3
15 194.3815 166.5686 180.3171 2
3-1 204.0390 197.3690 199.3808 2
3-2 205.8158 204.8731 205.0240 3
6-1 196.3314 183.1461 189.8763 3
6-2 198.1229 178.9263 186.6818 3
6-3 198.6886 167.3483 181.0801 3
6-4 198.1025 193.0543 194.8887 2
250 ) - L ) 250 L " " L L
240 - - 210 L
230 L 230 -
220 * - 220 #*1 -
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(@) Single Flow Direction Algorithm
Fig. 2. Topographic Wetness

Table 2. Location of Main Station

x(m) y(m) z(m)
Station 20217 | 18454 | 19147
Location
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Fig. 3. Wetness index(SFD, MFD)

Table 3. Topographic Wetness Index of Monitoring Points

No. SFD MED No. SFD MFD
1 5.08 3.53 11 3.03 3.84
2 4.86 3.64 12 3.1 4.55
3 5.49 4.88 13 4.25 55
4 5.69 5.56 15 5.23 6.27
5 5.66 5.74 3-1 3.04 4.52
6 6.37 6.32 3-2 3.02 4.55
7 6.36 6.48 6-1 3.60 5.70
8 3.88 7.06 6-2 3.45 6.02
9 341 5.13 6-3 3.34 5.73
10 5.57 4.7 6-4 7.55 5.22

B39E BT 20064F 7H

609



o], 200430l 3.3 mm/daye] 2ot Btk w3
okl Fig. 4% 20033 1193 20049 5¥, 689 7|&
Hsls Yeld Aol

3.1 EYA4E WE ue 2w

3.1.1 ARAA

Fig. 5= Fig. 29 WA H EYgrE
FRAPE 1, AN EYSFE
Fig. 2014 291 & 4 Kol 127442 th& HAbd
o 71" o] A& gl /Mg Aol SAxE vk
Fig. 59 (a), (b)& 242 1,2 A13del wial] 20034 1149 5
ARE 114 2197H7] (o), (D& 20043 59 2¢FE 6
4 U7 & A PAS R TDRE ol&3iA &4
g AFolr}. 2003 do+= 1€ 8¢ 9 Al] 28 mm,
119l 19 mm, 20¥°) 8 mm ©]™ 200439 = 59 3¢
o 145 mm, 5¢ 997} 10¢°l 38 mm, 5€ 20 Yol 16
mm, 5€ 27 43 28 ol 60 mm ol Zz} 497t LAY
0}‘9&‘;]' _1?_,\]_:;1_4 Eogio AFgA EAL H] 7}
oW ol 328 F/sIAE B 3AHg ol
€ e Zddder e AY gle
Aol doju= Aot

Azl AEel 33

EAol &

30

P A

031103 03!110 031117 031124 03-12-01

Temperature (°c)
>

Time

(a) 30 (2003/11)

Temperature(°c)

¥ 10 cm 9} 30 cm ZHZ 89%9 A 169% = 8%9 %
7hel 12.2%004 184%E 62%2] 712 Holn 2X)4
oflAE 14.8%A 248%Z 10%9] F7k 10196014
202%% 101%9 $715 Bk =3 20040 592
d ESTES AL SA) AR @3 69 14990
2ol w72 9] HFESFFES nushd 27 BEYr
B2 1" 21%00A4 131%E 69%9 74t
13.3%°lA 92%2 4.1%9] @AF Kol 22 HdA &
22.3%0 4 137%= 86%2] 7+A9t 162%4 95%=
6.7%6°] ZAE BT A ZF9FE Bol 7SR

th BEoE EFsta 7tgel AR ke Al7lele
Egrite] 27 AYL BolA olBom she A7)
2 ARS YEE 28 ¢ 4 A B

QY A ool S FE 0go] 5 T I
3 ol Fig B4 € £ ARl e
2 7ke A7l 445 B o
PUT SWIE BT RN At 47l

Fig. 59 (@)%} (o) 14dolAE dolA sdshi]
SeEe] ZpAME olFe] AT Bge AZ HLw
59e Ykl Itk AT 20039E AelAE A
3 30cm & EYFE] 10cm 9 EYFEBT EL 7
2 Hol} 04T AL Yold EdsEe o
A PFe e Aok Fig 59 ©olA debd 10

cm ZoloA Y EYSES 4PH e Wy 4
HHoR @ Wd 9ol oY weg ReFa ok
ol A BIE FEOE AW TIe W 4
BAPE 7lod o] AL glojA &k 380 FAE
F 9 1489 54oz 49d § vk £ Fig 5
o] (@oAE 7] EgSERo] HE EQSEurt Zo

12 Flg 59] (A= g 27 B
UrE B =228 & g Stk o= 7]
9] o= sl olgst Ayt velhd Aotk

LN

30

N
=1

=)
s

04-05-03  04-05-10  04-05-17  04-05-24 04-05-31 04-06-07 04-06-14

Time

(b) 462 (2004/05 ~ 2004/06)

Fig. 4. Temperature Variation (http://www.kma.go.kr, 2005)

610

BEKARBEHRIE



40 10
EEEEEER rainfall
A 10cm 8
30 1 i { —-——  30cm ’V
9 AN ! ., _
v | N [ ’» 6 E
Sl | | e
g0l g £
E * [t F
10
r2
0 - —_ 0
2003-11-6 2003-11-10 2003-11-14 2003-11-18
time(hr)
(a) 2003, Point 1
40 10
IR rainfall
—m— ] OCIT !' 8
g -
¥ T 5 f
2 E
é E:
= s B
3
3
-2

5/3/2004  5/10/2004 5/17/2004 512452004 5/31/2004 ©i7/2004  6/14/2004

time(hr}

(c) 2004, Point 1

40

R rainfall
10em
30 —-——30cm

soil moisture(%)
rainfall{mm)

T

2003-11-14

T
2003-11-18

2003-11-6

2003-11-10
time(hr)

(b) 2003, Point 2

40 10

. rainfall
e 1 0CM )» 8
30 — — - 30cm

20 4

s0i) moisture(%)
rainfall{mmy)

0l

-0
5/3/2004 5/10/2004 5/17/2004 5/24/2004 5/31/2004  6/7/2004  6/14/2004

time(hr)

(d) 2004 Point 2

Fig. 5. Soil Moisture of Upper Zone

Fig. 59| (h)¢t (d) 2414
9 B AE 2
Fig. 39 7] W5 s ey 458 Fule
PYHeert ok V1Fdtn dEe &
7120l WErtas EFFe ¥
dolEolx (b) T"-AM & + AR
5 EGeRY wst o

-

lo

Jo

S~

=

ol

)

i

fu)

L

2

Ol

o

B
rors e

B 0w B 32 OB s BYFRl A%
Moz gasta g el
_]

A o
WAEhs FAT W Boln gom EYSES A
qaz 7] de 549 AdEE A7) be 54E
Bl Fi gk

3.1.2 3l

Fig. 62 @5 Tjol4 9] Alzbe] w2
£ Usila g SFdeINg A9E &

HAHQ) AN & 5 ek oA
7] BgsRe g 9x ARAEe selFe

394 TR 20067F TH

vhe b sleirl gl ARR Aelun 27 U
&l

g Ae] B 54 A 2003del = 114
59 EUGFES AL S48 AAE g 119 214
of Butd wi7Axle] AF EF RS vjaEd x7
EgFRe 6-1xA-9M= 10 cm, 30 cm ¢ 60 cm
A ZzF 172%0 A 231%E 59%2 F7}F 28%1A
302%F 2.2%9 F7} 272%0H 299% = 2.7%2] 5
7S molu) 6-2XHo = 232%0l 4 244%E 1.2%
o Z7} 261%)A 2BI%E 2% F71 22.1%0014
/2% 31%9 Z712 BRavk 3 2004ddE 52
29 EGrES S F43] A3 g3 64€ 149
o) Zuld wj7}x]o] AFEFSFES HludH 27 E
kB0 61X AGAE 10 cm, 30 cm & 60 cm 9l
A Z47ZE 26.3%0) A 132%F 131%9] 7+ 26%°l A
145%2 115%¢] 74 30.1%°1A4 19.8%% 10.3%<]
25 Boln 6-2XHoAME 275%°lA 239%=
36%9) T 27.8%004 B%E 2.8%] A 24.9%0)
X WI%E 27%9) #22E BRI AF-APe) A
o} nRATIX R BoA FoZ Tz A7ldE A A

o

A

611



40 -r 10

[voresss

Ty,
30 4 e TSI A

20 +4

rainfail
10cm
——— 30cm

soil moisture(%)
Bj
i
gEy
¢
T T : T
@
rainfall(mm)

2003-11-6 2003-1t-10 2003-11-14 2003-11-18

time(hr)

(@) 2003, Point 6-1

®

30 { et

20 4

sail moisture(%)
rainfall(mm)

4 0

5/3/2004  5/10/2004 5/17/2004 5/24/2004 5/31/2004  6/7/2004  6/14/2004

time

(c) 2004. Point 6-1

40 10

-8
30 4
Iy
¥ e €
5 E
g2 z
- Ed
€ ESEEEER rainfall £
= -4 [l
o 10cm i
® ——— 30cm
wd e
2
0 J 0
2003-11-6 2003-11-10 2003-11-14 2003-11-18
time(hr)
(b) 2003, Point 6-2
40 10
e rainfall
———senesse 1 QCM
— — = 30cm
......... 60cm [ 8
% “ “'\..‘,.. 5 J
§ | T g AT
@, : RN . 6
2wl H
® 20 =
2 g
= L. 8
k=3
@
10 4
2

i -0
5/3/2004  5/10/2004 5/17/2004 5/24/2004 5/31/2004 6/7/2004  6/14/2004

time

(d) 2004. Point 6-2

Fig. 6. Soil Moisture of Buffer Zone

FE el ALR e AVldE U RS 2
oja & Aol
Fig. 69 (@)%} (0) 6-1A131A o) B A% S
AR EE 20039 A#20 @M= 10 cm oA B
#ol ol Ui w7 =s A9 30 cm 9} 60 cm oA
B O%A 28 B F3 Yok 20049 23 (o)
M A AR BRelA Z-gol digk WztErt Bjsa
vepdelk olzidt ZAi AA] UFF 3E(macropore
flux)olv} ¢4 & E(preferential flux)o) 7+&3 BUE=
Bad o 2gd Axetn & 5 Qok =3 (a), ©
218 60 cm oA EdgEo] /M EA UEhG
B 5 gl olE ARAPAe R Y AEHH F
I Aol AtE e AEHH T o3 o€
o2 Alg gl
Fig. 62 ()9} (d) 6-2AH A=
& ARETE AP o) F s
Ale F BF 3% W= 7P g H<
Jok ol ARAlHo R 2&A<Q)
up} SR FEo] THE o|Fa
"ok (b)9] A3k 30 cm A

|
=
7]

o
ANE

oo fr R

612

32
2

U
)
c

e
(i)

-J
tlo
4
i
N,
et
i
1o
>
)
=2

¥
o
al
it
01\1_, o
o
>
>

d
‘{ U
o

o b

>
r: ot
% 5
o &

o T

2 L
i j_% o

)

if

£ in

BEAARPERE



40 10

EmmeEEn rainfall
— 10cm
30 ————  30cm

20 { ’ T

TR Ay ,\,‘r.v_\)[—\w

F
f‘l\"-/

soil moisture(%)
rainfali{mm)

. .

2003-11-6 2003-11-10

1 ‘ .
2003-11-14 2003-11-18
time(hr)

(a) 2003 Poaint 6

40 10

ERESEER  rainfall
— 1 0em 8
30 - - — —  30em

20

soil moisture(%)
rainfali{mmy

0 -

0
5/3/2004 5/10/2004 5/17/2004 5/24/2004 5/31/2004 6/7/2004 6/14/2004

time

(c) 2004 Point 6

Fig. 7. Soil Moisture for Flow Path Zone

U EAS Bolm Yok

FEAHY EYTEY 2347 2003 11¥€ 5
d EGFES HS %— } ] A=k gkt 119 21900
2uld w7t g HF EY g vt 2] ES
FEL 6AFENAE 10 em ¢ 30 cm D4 165%904
246%% 81%] 7t} 144%0 X 209%E 65%2]
7+2 wolw 7AANAE 135%4 253%E 11.8%2
Z7 ok 14%01 4 32.3%E 183%9 £712 Bk E3
2004Woll = 5929 EUGFES AS Z24%}71 R
i 64 149 Bvbd w7pA el HFESFFES Bla
s 27) EGFRE 6= 17.14011*1 11.3%=
58%9 ZAaFew 30 cm qup_ TDR 71A19] o}/
o2FoE (Y5 AAsnh THHAXE 10
cm 9 30 em 2% 18.50/0M 829% % 10.3%9] #A%t
156%°14 96%=E 6% FAS EO&M E3] 7749
A&t 30 cm oA I 22 &5 2 Holi gith o]
TAROl FRARORRE B 7|AFE B& F

71 sl 91X 17] wielth

Fig. 79 (@<} (0) 6A A= BFAHZ st}

t g2A ZF9AE ol B jo] A

Sol A% 4ol

o)

]

o
L.
=3

b

po
L
o)1=
AR

B398 BT 20065F TH

10
4
] \ |
40 IJ\ '\
™ [RARY Ay, re
[ e M n A
RN RS JJA'L\\'MN’\'\N“""'WN\W\“‘]] v’}
—~ 304
E\.o/ Ls ’g
s £
B =
B 0] £
= L4 [
3
EEmmeEE rainfall
] 10em
© - 30cm E:
o Si ] . . 0
2003-11-6 2003-11-10 2003-11-14 2003-11-18
timethr)
(b) 2003 Point 7
40 10
USSR  rainfall
——10cm 8
30 4 e 30Cm
g
£ M Cf
2 E
B 20 4 g, =
o - NM’"M £
§ | NN .
o
@
h',:ﬂ"l,s .
10 rl‘
k L2
04 | ll | l T y 0
5/3/2004  5/10/2004 5/17/2004 5/24/2004 5/31/2004 6/7/2004  6/14/2004
time
(d) 2004 Point 7
5 = f (o] 2 oy e}
Hult} g3 dexE AL B & vk F aYE
wal B ARte] BAE B Frkehs P HIR

Fig. 79 (a) 7F&9] 729-¢1& 10 cm A9 Hhx]<}
30 cm oiAe] HujAjol =dskE ARt Zpo] S XA
7ro] 7~8A13ko] AAE Fig. 79 (c)ollA+= 10cm <
30 cm <lAe] AFAIZ] HAYA &t ol T
o7& HAR EF W TF4 o] £33 & A
olghil oAz

Fig. 79 (D)% (@) TARANME AP o) 5o W
stRgel gdsh d2re e ok JHeEe] o™

2 (Dol E EQ5Ee) gto] 30%014-¢ el 3
AR 3 199 @IAE EPFR gkl 10%0]5
2 QX A2 & F Yok o AHelE HYE)

%49 Gu= Ay wor EgsRel ASKoR F
A¥lo) AW, BA 53] AT Fv} Ag57] 4 6
Agel St F 549 7leo] FjsEA 3
ok ool vl7k Aol WA @ SHo A E
% o) B Gl 343 WAL AL ¢ F A=
Ao}, #EAREANE BolA g THe A

613



o} Thgoli ALZ Fhe Al7lo]A
3 the gol EgsRel sEHS 1
WAL Fhgol
Holxx A & + Ytk

gd 79 AAe] 5EAS 4HEA DEME 7|22
SEE da|Eel Z—‘l%"]ﬁ*ﬁ ARG 2k A E0]
Adgntrhe] i3 EA4E L}E‘r"““% TS Aol A
o] AZXQ EYFRY e RXA EFEY &
1PFE 7122 A wEolRl SAAHY AxY 5
547 FARH UEiE S-S & ¢ At kR A
3} 30 cm, X3} 60 cm Alel] X HAS X wf
2t Adolgt £X 5L Hole A& & F AT o=
Eoke] RIEL AH o7 XFPd EIrIntE &
2-9] Zlo](Pellenq et al, 20031} B Uloll &A=
de=g 28 &8 2489 L(Beven and Germann,
1932)el| whefM = B2 ¥3E dozl AT FAE
shoh, e £33 A HEo] A E}EPH e

2 Mol A& BRG] BEZol 1 Awrt A
ool ok F2A} 471 WskE 7bsAdo] Ak A
3 729 wE, AASY FTUNE T FEA
e Fol 71915ei7l A3keta oiAIT olst vhazt
A= 200330 A1 B¢ 324 mmy/daye] 7397t

igien, 2004”‘°ﬂﬁ 33 mm/day®] 7-¢-7F EAdsH
]u} g Yl 79k gL Bdo] JleEdnc &
S B 7om BAAE Ebel 454 w271

Segels BaaAel Usda, & AN 9

b B AB0A, ABA FEE ARIE 7
& F9APE o83 ol BYgle] EFFR ol
Wl se ARzozE AV e G HolEE &
& Y4Ie TP FREYY FH| EFFiol
Egsolok & Rolekn A2k

==

=Rl
g5 A9E F3 ZAAPL APt 2fele
B4 Auela 58 B & Ik 37 24 A
614

AS 7% ABed. olEd Nx9g Fa 2008y
119 5938 2003 119 209744 2004 54 29 %
B 69 159 7 A7)E A ek 3R A
AL WRA HIAAN F9A, 24 w9

L ARARANE AW EF5Ro] AT Z

Holy A-EREE 7430
B gz 7h=

[\")
o 2 8§ (o
o KO0 FEZ{_E
o4y M o r% S
oo
s
aw
ox
i
N
}mlﬁin
=
=
E}n
-
ir 2
flo o,

o fu o
)

r’

e

)

TR -
-0,

okl do
fincd
lo
My
o
oL Efg

H
)
£
®or
A
ad
i)
»
o

EAREANAE BlA g2z Jhe A7
N AER 7k A7l e WE} ol ¢
tEn Bl B¢l sEAIS wet
5] WA Y7 7hge]
Ho g THHANA= A
Wl A vled E"é"l 7HeART B

m[o

of

¥ B 2 o poofox X4
o & Y

A 2

B ATe Perlere A4 RERL Adse
A9 A&H BuEAEAIBe ATAAHANE
L 2-2-D)el o3 A&,

#gae

e

Ad aFgH

(2001). A9 Z7| EEAE
7147 E# o)A, http//wwwkma.gokr (2005).

BEKERBESHLE



A, AE, ALY, FEE (2003). “FAF FHEHH
st T8 F8AFY MEn 147 s
TArsts =28, #1367, A6Z, pp.961-969

(2004). ANlERrYe 29 9 +
4 ZAL- AR, AV|AE RB-077.

Barling, R., Moore, I, and Grayson, R. (194). "A
quasi-dynamic wetness index for characterizing
the spatial distribution of zones of surface

Water
Resources Research, Vol. 30, No. 4. pp. 1029-
1044.

Beven, K., and Germann, P. (1982). "Macropores and
water flow in soils.” Water Resources Research
Vol. 18(5), pp. 1311-1325.

Beven, K and Kirkby, M. (1979). "A physically-
based, variable contributing area model of basin
hydrology” Hvydrological Sciences Bulletin, Vol.
24, pp. 43-69.

O’Callaghan, J, and Mark, DM. (1984). "The
extraction of drainage networks from digital

N,
£

Mo

saturation and soil water content”

elevation data.” Computer Vision, Graphics and
Image Processing, Vol. 28, pp. 323-344
O'Loughlin, E. (1986). "Prediction of

saturation zones in natural

surface
catchments by

W39k ERTIN 20065F 7H

topographic analysis”, Water Resources Research,
Vol. 22, No. 5. pp. 794-804.

Pelleng, J., Kalma, ], Boulet, G, Wooldrudge, S,
Kerr, Y., and Chehbouni, A. (2003). "A dis-
aggregation scheme for soil moisture based on
topography and soil depth.” Journal of Hydrology,
Vol. 276, pp. 112-127.

Quinn, P, Beven, K., Chevallier, P., and Planchon, O.
(1991). "The prediction of hillslope flow paths for
distributed hydrological modeling using digital
terrain models.” Hydrol Process., Vol. 5, pp. 59-
79.

Topp, GC., Davis, JL., and Annan, AP. (1980).
"Electromagnetic  determination of soil water
content measurements in coaxial transmission
lines." Water Resources Research, Vol. 16, pp.
574-582.

Western, A., Bloschl, G., and Grayson, R. (1998).
"Geostatistical characterisation of soil moisture
patterns in the Tarrawarra catchment.” Journal of
Hydrology, Vol. 205, pp. 20-37.

(=1 505144/ 9:2005.11.11/4 4 F+8:2006.06.21)

615



