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Analysis of Soil Moisture Characteristics in Nut Pine Forest about Seasons and Soil Layers
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ABSTRACT

Soil moisture plays a pivotal role in hydrological processes, especially in the forest which covers more than 64% of the national
land. Soil moisture was monitored to analyze soil moisture change characteristics in terms of time and soil layers in this study. 2
Years soil moisture change data was obtained from the experimental nut pine forest and statistical analysis including auto-correlation
and cross-corelation among soil moisture data from different soil layers was conducted. Using the monitored soil moisture data, a
relationship between soil moisture change and precipitation was analyzed and seasonal soil moisture change characteristics were
analyzed. From the result of inter-relationships among soil layers in terms of season and time lag, soil moisture change characteristics
in the nut pine forest were upper soil layers were much sensitive than lowers, and seasonal variation if soil moisture for upper soil
layers were bigger than lowers showing low correlation with precipitation in winter and spring due to freezing and snowfalls.

Keywords: soil moisture monitoring; soil moisture characteristics; correlation; nut pine forest
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EH, AlglollA 9] Eokriwsles AEo s, A vk &
ozl FUFAY Ak el Rl FES AT (Kim
et al., 2006; Hong et al., 2009; Hong et al., 2011). ©]&gt
EFEe A 2 e o B Wl AlRlE, =9
Aol w2 FAR gl Saf 4n|E7] wiie], a5 A
5 WA, 2 Y, 71§ 71l 2 AR ke et
(Robinson et al., 2008; Sutinen et al., 2008; Bales et al.,
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&1 W33 4= It} (Wilson et al., 2005, Longobardi, 2008).
£3], AgHo= A3} 7]20] WopAH 5 HE] 471 A
S1E|7] wiol] ZFre]l o3t EYE FE = glon, 7))
S B9 ool o]g7] whizol Joo et al., 2011),
FrEo] 4L A B MRl 9%E £ 4 ook w3t
SHkAto] Gkt B33t kgl vt HAYsHA] Y= A
& YAHR]] B HEEAdo] Ve 4= 9tk (Hong et al,
2011). wpebA] AR RIS olsffstal 3 vt 49
EAof| g BEoRE ndlS J153)| YeiMe AV EdeE
HUHHE 7|Rte R 3 AgAPHA ] EYeR HEEA Y
Hslo] et 7|27} BRSH} (Grayson et al., 1997; Choi
et al., 2008; Hong et al., 2011).

QoA B BUEE 2 7|2AG = ot 2ol 2
Y|t oA Longobardi (2008)= 3% Eof4H W
A3)S Yoto], Hat, MEAs, FEEE 52 E83te] 2004-
20079 EFrE g 5SS 2451921, Mahmood et al.
(2012)= AEH (0-2.5 cm)¥ T2 BRI AWIAS
BA519cE FHollA] Choi et al. (2008), Joo et al. (2010)&
FAEAE Bl BESeRY 5L gotetgl=t, Choi et al.
(2008)2 For5d 2f9elAl 20079 5, 99 10 cm Zo|9]
Eqrr o=t et S B8l B Gl 7k
(99)Er} Eofpro] oS BXgt e Bislghe vt =
Sk Joo et al. (2010)2 734 & 10 cm EZo|A 748 & B9
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1. EYeE ZLHT AL 25

2 Aol 7= FFAY Mgt FHAY s
Bighik Shedle At thdRgor AYsial Egei A7
UEE AARE 53190tk Bt §32247 11.53 cm, Bt 30
A oA 79| AU (Pinus koraiensis S. et Z)2 T4%
olF oM, sand 30| =2 sandy loam F+= loamy sand
o7 FAElo] vl Ukl AREYS] E4% 7HAAL 9L
t} (Hong et al., 2011). & 9794 FDR (Frequency Domain
Reflection)& AAJated 10, 20, 30, 60, 90, ¥ 120 cm &3]
A BEYeRS 2AE o HUHY §1glon, HlolH= H
o|glo]&7|Z7]of| A4 CDMA (Code Division Multiple Access)
wdlog A4 AAZEO R Hydras 3.0 T2 1S o]83}o] 3
s3It} A7 EFRREYER AAR A150f Hek AR A
BE Hong et al. (2011)ol1A4] AAIskIch

o

o

2. 7| xXtg =

& Al A, B 5
B2 2g3| A3 A, VN 5= 1A

5 7|2ARRA sk Bl s
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Precipitation (mm)

Temperature (°C), Sunshine hour (hr)

1,000 -10

' Precipitation (2008)
—e—Temperature (2009)

= Precipitation (2009)
— 4~ Sunshine hour (2008)

—e~ Temperature (2008)
Sunshine hour (2009)

Fig. 1 Monthly total precipitation, average temperature and
sunshine hours during 2008-2009

Sked ol AR A5 1S3 (AWS, Automaitic Weather
Station) AH=E Z-83}9).01, el HiShE AWS 2wl 2
ZA|7} got gghit AWS Z3-9-dloE et fAFstal Ao A
I 7 23S 2dl AWS AR (hourly) RS -85kt
YT Hh4 Are o5 AY VRS D8kt

Fig. 12 2008-20099 € % 4% 4 ¥ 34 71+ € 4
tiseolck. 20089 o ¥ 74 1,313 mm, 200992 1,587
mm °]1oH, iR Tl 6-99o FFH oz wAEkyI
20089 20099 7€l Z+2F 574 mm (43.7 %), 767 mm
(48.3 %)2 AA| 7= 40 % o)A} BHsIlth. AB+
7182 2008¢ 10.8 C, 2009¢ 10.7 C& Hs=siglon o
Hat YRAZES 5.547F (20084), 5.7A17F (20099)0] ik
20089= 1€ (33]), 2€ (3%)), 3¢ (23)), 12¢¥ (83)), 2009
Woll= 14 (73)), 24 (23)), 3¢ (33)), 12¥ (93)) o] Y#H
om AR FHL 7ok g LAY

3

2 dAtelA= A7,
Z} BEZOA Q] EFpE AT (auto-correlation
analysis) 3t92m, A2} (lag time)ol] W2 & E3 (10:20,
10:30, 10:60, 10:90, 10:120, 20:30, 20:60, 20:90, 20:120,
30:60, 30:90, 30:120, 60:90, 60:120, 90:120)A0]9] Ek
B wAAEHEA (cross—correlation analysis)S 8ttt o37]
A, 10:202 20 cm EZIAS EYET} 10 cm EFolA Y
AR AP EQFpE ko] wAMIAE ofv|gitt.

2 AollAfe] B4 A7l AUREe] ASEAE st
T2HTE Lee (2011)0] 9JslH AGF E7|1487%8-2
AJShAqE He g s 48] AlRste] 1149 2714 A4
), ALHol= drtdo® o] At deA itk

iy
24 3
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mpeba] 2 A= 4-109S 5717 11-39S HA8S7]
tog FE3IACE 4-6Y (AM, April-May-June)2 B
o] A&o] A== A7), 7-8Y (JA, July-August)S o]
w7 AB2o] ket A7) 9-109 (SO, September—-October)
BePARS AR 271870l BRIk A7), 11-12¢ (ND,
November-December) 45 A4%o] Wil AR doiz}
= A7), 1-29 (JF, January-February)& 7]20] 0 C ol3l=
We7be 744 (snowfall)o] ¥HA¥SEL 24 (snow cover)©] 9l
= Al71, 39 (M, March) 7]20] stollA GOz Afssial
OF7ke] Zpdo] WAYSEA|NE Ao Fafjlm, HAST|oA A5
7|2 o7k AIZ|E RS E3L 1 doA e ES
Srglel fiejzlols arefsto] HEsigit Cha and Ji (2003)
of w=w, feufet bl Hel= 10-30 em B4 A
w327t 7 wom 30 cm o8t EFollA= Fe|REr} Hast
A9k oF 100-120 cm ES7HA] AU He7h Ha2sieict. et
A, BEEE7F B2 0-30 cm EFOAE 10 cm 702 &
UEH 3192, 30 cm olst EFollA 120 cm EZ7HA] 30 cm
THO R 60, 90, 183 120 cm ESOA EYLES HUFE
% ok

WAVSTHEAS A= b F o] fAM
O=H, A (1)a Zo] AHg3itt

g

o
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R,= | (1

A7IM, X tAREe] RES B oM, vt Al
7o) SIRES BRI X, Y= X, vo| B, 1= @A

HA9] 7|R0] B ARE ke ATAE Btk F EYS
BAlY] AAF(0,1,2,...,K), RE tA7He] B g9 x,9f
t+k A7) BEokeERRF v, o] ARAY] AeE
+ waPFIA o),

A7 VAR U ol AR} ¢+ eI ol R
Aol AT A=E APgshe Ao2N, 4] (2) ol
Abgict,

Pr= n @

A7IM, X= t A EYTE I, pe tAREE] B
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B X0k 1k A7H) BRI X, 240 Al
HES el sl

Gepe] WATHRAS Sglon], Z5egt AV, B3 B
0] 37, Fe% ) 5O Ege visele] B B4
st

S49& 48T Table 1

P U BAH 5

EZ9] Zolg 1yste] ErE = (0,,,.)
Ht2 20.78 %, A= 1.89 %, 2G-S 37.28 %, F&E4k
17.01 %, ¥5A4E 0.090]ch E2E BB HFZFS vln
10 cm EFO|A= sand Aol 78.1 %2 ol B4
o] F5ole B8kl EQFE SRS 9.40 %= 7P Wit
EQrRe EAO ook vix|ul $E AL WU ES Y 55
o s v7] WlEOo 2 HohETh ESE AR HejRay]
£0] =2 10-30 cm EZofA] sand AE°] 90 cm EZ3} H]
ot Bkl EOR R ek Wit o]= sand AJE0]
255 EYeR Hapgo] dolx EqfpR glefo] Wopyat
FAO AR S]] o] R EE BRI SHHES R}
W) 2o g wotEr), A HoR SHREZS] Wit EdrE
efo] AHESHD wkon HAke}l MEAles At W
ATs EgeR gifo] Wil AxTeE £ Aol glod
ErRY] WHEAeTt Atke A Bt EYrE o] b
3 WA 22 on|3tt} (Choi and Jacobs, 2010; Brocca et
al., 2012).

Table 29| B ELE] A7 A S AR T185}o]
AHEH AR} 1Y EYrR AIAE A EZOlA 0.9 o]
doR w2 IS Helow, ARl 447 = AT}
0.8 o2 =it} SHAT, XA} Aojdes EYeE 2|
AL Tastom. 309 ARRY] A7 A SHEEZ|
Me o 0oy ARESAM= W A4S Both

=]
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Table 1 Descriptive statistical characteristics of soil moisture contents for six soil layers during 2008-2009 (Unit : %, v/v)
Samples 10 cm 20 cm 30 cm 60 cm 90 cm 120 cm 0, one
avg. 9.40 16.31 17.71 25.29 19.59 21.87 20.78
o std. 3.45 2.79 2.92 2.05 1.12 1.50 1.89
sol moz;zli;‘;ontems min. 2.12 8.37 1161 21.43 17.47 25.21 17.01
max. 34.13 47.26 47.77 42.33 26.53 36.98 37.28
CV. 0.37 0.17 0.17 0.08 0.06 0.05 0.09
) ) sand 78.1 84.5 84.9 81.2 83.4 74.9 -
physmal(;r)opemes silt 135 10.2 12.8 136 153 16.4 -
’ clay 8.4 5.3 2.2 5.2 1.3 8.7 -
* avg, © average, std. : standard deviation, max.: maximum, min.: minimum, CV.: Coefficient of Variables
vo, = DXOTRXOE GO e, 2007
di+dy+ - +d, ’
717, 0., & zone weighting ol 23 BEFFE Hat (D), ne ESFES SH S B9 & 0, 2 n¥A EZolAM S dH] (D), d, 2 nHAA EF

4714,
2 BUEY A0l 9L 0e e Qo]

Table 2 Auto and cross correlation of soil moisture contents
among 6 soil layers during 2008-2009

Table 3 Time—periodic auto and cross correlation of soil
moisture contents among 6 soil layers

Statisti Lag time (day) Auto-correlation Cross—correlation

atistic .

SHe ol1]2ls]al7]w0]15]30 Periods | 10:10 | 20:20 | 30:30 | 10:20 | 10:20 | 20:30 ] 20:30 | 30:60 | 30:60
1010 | - |.926].870].832|.802].740|.710] .608 | 407 WO lojlo| n]o|o]o|won
20:20 | - [.929].904|.877].854] 794 752 670] 501 JEY 19777 | .9957 | 998" | 769” | 785" |.992” | .997" | 997" | 912"
30:30 | - |.909.896].870] 846|777 | .744] 672| 538 M| 9237|9217 | 9517|919 | 933"|.9657 | 972" | .988" | 913"

Autocorrelatior” AMI? | 823 9137 | 9457 | 8557 | 7807 | 952" | 891" | 993" | 881"
60:60 | - |.909].883].862|.839].763].731] 660 543 o008 - ‘ - 8557 . ‘ ~ ‘ :
90:90 | - |.933].906.892].880].824 |.796| .736 | 595 JAY | .603"|.723" | 689" | 930" | 698" | 966" | .701" | .950" | 546"
1201200 - |.933].914].905] 893] 842 814] 758 616 SOY | 8177 |.932" | 944" | 9117 | 928" | 975" | 938" | 991" | 925"
10:20 |.559|.530|.503 | 485 | 465|417 | .387 | .293 | .118 NDY. | 7227 | 9727 | .984™ | 463 | 5697|959 | 975" | .977" | 951"
20:30 |.970].901 | .888 | .858 | .834] .74 738 62| 510 JF | 8797 |.9617| 961" | 660" | .706™ | .9917| 972" | .9847| 925~

Crosscorrelation”| 30:60 |.984 |.898 |.876|.851|.825|.747|.709 | .632 | .494 M ]398 |.7937| 910" | .8287| 7627 | .9317|.938"| 979" | .926
60:90 | 965 .893 | .873|.859| 848 .795].777] 724 | 622 20002 8497|7927 | 8197 | 7477|7367 | 964" | .883" | 988" | .828"

90:1201.9791.918 |.899 | .895|.885 | .844 | .828 | .782 | .664

a) all values are significant at P<0.01 significant level

HH, 3HE BEgite] B wAMIRAdS ARES 10:20%
Hmstel 1099 AR 0.7 o] ¥ dWds 29
o} ol ®F9 EgpRo| SiRES) BoRrRET 7RI
of AR Qe ok s wksigly] o s wd
Hu, AL AoldeE ARbgo] Fashs ol BEY4E W
She ARES Y ALY eGSR g o
U, 71 5 7R AEE Bl e W) uE
o= gt

2. N7|g E5Y EY4E S B

0] A7) - WA Ao v
]%0] =9 10, 20, 30 cm B2 A7
ZAxtole}, BlABL7] 10 cm EZOIME A}

Table 32 &
At we g
W EQRRE AR

108

JA | 4937|4427 | 4597 | 8977 | 453|977 | 447" | 9797 | 926"
SO |.790|.994™ | .998™|.760" | .808™ | .990"" | .995" | .96 | .951"
ND. |.8997|.8987|.964" | 235 |.274" | .9107 | .966™ |.9417|.895"

* values are significant at P<0.05 significant level

#+ values are significant at P<0.01 significant level

a) JF: January, February; M: March; AMJ: April, May, June; JA: July, August; SO:
September, October; ND: November, December

b) (): Lag time (day)

20 em ol Bl e AL
A L0201 2 0 S
o A Bel B,
7-88e ZVP%J&*JOI mu}. 5] £340l0] BRABIS
B, 4-892 1 B304 A7 }0;1 G A7)l A%
1903} w|itsto] ESkoL) 9-109S Al 1919 Ao
g ol ANFHOE 0 AReIA] Aol 7H e Aol of
Ueh A7 Folrt gigih. £ Aol A7E B3 B

Fasotel=ad Al54d A4, 2012
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(2009¥) 22 A3=Hl, Fig. 2(2)9f 11¥ 27¢, 29% 124 4%
foe HopE S BH, A4 & 10 cm B3]

o [e] ‘.?: EOO—]_E
A mERRRIe] 93 F7RHIE 20 om olsh B3 B

o] E¢o] AL EYed dFol A daskirt 12

G2 A% Aol 8¢ (200849), 9¢ (20099)= 7FE B2 Al

712H, AES B ] S viAleE, A
d

2(2)9] 129 9¥3} o]

=7 =27] thZefl 20 em o8t EFoll Y-S nIAA 51 A

o2 #doEnh 124 20 cm o8t ESS 59 ASE A9
AR5t B AH|gF 9 FRgFo] Hof w2 A7

2 wAARAS 2k B 10 cm ESS 7, A 94 A
9] Yo EFR SN {7t g EYeR g
ol ¥} gloy oj5&EE L)) g A7NEAS
Qront, sht EZukel mabde 10:202 20099k 0.3
o]3}, 2008E0fl= 0.5 HE==Z Yt}

1-299] A2} 199] EgE A7 1Ade AmE, 10-30
cm ESOA tiAF o= 0.9 opfoR Ado] w9kout, 10:20
EZ0 WIS 11-1293 fARBHAl A3dol Wot 10 cm
EZ9 EYEo] 20 cm ESO v]xls Gk ulH]skct. o
+ 11-1293} fAksHA g+ 7ol 3.0 mm (2008%), 4.5
mm (2009¥)2 & & ofue} 1295 E W 7]20] GAH

F5o ZHo] gojglon, Frtqog o] WAsIHA] &

Eofo] FAEIL AFY EYLE ol AY §I7] HiEl
ket 3 Fig. 2(0)9] 10 cm B2 EYLES AR
2 mm/day®] A2 bl b & 1293} fARH E
Ho| 214402 Zulslg). 1-2%90] ¥Asls e 7|

S/ = T O
o
b
)

:

>

2o] Gl W) F2 WAste o] WA ol i ZMo]
WIS SlgkolE 5ol ol Aelolis A9 Bk heby
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Soil moisture content (%)
Air temperature (°C)

10

15

0 20
08/11/22 08/11/24 08/11/26 08/11/28 08/11/30 08/12/2 08/12/a 08/12/6 08/12/8  08/12/10
Date

——SM (10 cm)
SM (120 cm)

------ SM (20 cm)
*  Temp (max)

——SM (30 em)
u  Temp (avg)

(a) ND (2008/11/22-2008/12/11)

— — SM (60 cm)

——SM (90 em)
®  Temp (min)

snowfall 2 mm

10 10 .

L ] L 3
5 4/\_\__\,__,_“ *

0 20
08/1/24 08/1/26 08/1/28 08/1/30
Date
——SM (30 cm)
= Temp (avg)

(b) JF (2008/1/20-2008/2/1)

Soil moisture content (%)
L2
Air temperature (°C)

...... SM (20 cm)
+  Temp (max)

~ — SM (60 cm)

———SM (90 cm)
@ Temp (min)

Soil moisture content (%)

Precipitation (mm)

0
08/3/8

08/3/13

08/3/18 08/3/28

= Precipitation (mm) ——SM (10 cm)
~ = SM (60 cm) =———SM (90 cm)

(c) M (2008/3/8-2008/3/31)
Fig. 2 The time-series of soil moisture and temperature
(a, b) or precipitation (¢) at 6 soil layers in ND,
JF, and M

——SM (30 cm)

0°C olge] 7)ol AT FAlel 57} st
Sl BURE 0] YNHOR F7RtE Ao BHd
G Slek. SPAIR, gl M 718o] thal gt welrke,
moprie] Mok goloh b 8 ST YAl Y
G 205 o) R, 1283 §ARH 30 em of3t =
FoIMY ER Wake A g9,

Aol

©f
4

N
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Fig. 2 (0)9] 10 cm B39 ES4E AA G
&7t WA kel el

s}l A

OEAH
Eo]:‘l'TE
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i
S M3 e
o
w

=
Z2=
T o3tz Y7l Al7|% wol EFR9] gafi2t
st EFAeh HHo R EokpRo] Wk Zlog
. 2009419] A9 2008 12-20094 297}x] 7HAEko]
39 FolEls EofrE o] BWal E534o] S8
7] BEof 10 cm EZo|A Q] A7ATAIL 0,42 Wk, vhd,
10:20 EOE WAL 10 cm EQLES] A7)t
v wato] 0.92 (20084), 0.83 (2009¥) 0.2 AklAlo] =gl
29] A
_1Tl_

i,
it

rlo ofr
L

[ <

fo

=P
[MORTT
;

J

<

T

<

EF o A5kl 10 em B30l $3lE B4R

7] 20 cm EE02 ofFation], A Al
S8 FRIE S WA ARESO] ARESE
g Wl ygow wekEt, EH, 39E 780
2] 27181, Fig. 20)9} 20| B
wistsh) ARt aheba) Z4e Eey
wislle] AN S B3 ool 39 EY4Ee

T o o
A BT} (Table 4). 24 2A1Y 10, 20 cm,

>

I
1)

rE ool

it

Table 4 Cross—correlation between soil moisture changes
and precipitation during March

Soil depth Lag time (day)

(cm) 0 1 2 3
10 76" —.22 —.06 — 46"
20 52" 40° —.27 —.13
30 —.03 60" .28 .10
60 —-.12 .32 64" .25
90 —.09 .02 67" 48"
120 —.02 01 A1 78"

* values are significant at P < 0.05 significant level
#x values are significant at P<0.01 significant level

19 Fofli= 20, 30 cm, 2% Foll= 60, 90 cm, 3¥ Foll= 90,
120 cm EZoIA B Wkt heaate] ool A
Bk E3E Fig. 20914 39 17, 18% 40 mm 7<= ¥ &
60 cm ol EFoie EFeRY 371t St A==
TS el Bou, 90, 120 cm EZolAE 7t
A oF 3Y & Eokpio] ZUel] AlFslglon, St £EE
i oy At SIS wiziR] F7keRedch ol Al W
7| 20] A5alaA] EokRe] ol TiUs|A|7] ARSI E
G AH|RFO] |2o] A&7|Hr} dol sREZo]| A<
ErRe] o)e2 Ao ghhe,

HAS719] Bl EAS TH R AejsEd, 11-2¢
2 EQREO] a7t A WAYstA] ¢rom| EokpEe] ofF
% 8 20 cm o3} EFOlAE EdrRde Wsrt A2
glk. R, EZoAE Aol JaRS wA|ul, 7k A
Al 71, A4, A8 ZpaRE 5ol weh Ekere] 4, A,
Sal7F v 3Ee 7]L0] A
o] gl BES W EYFES
wheba] ALH Aol
ZE]o] 7hzoll 2 3o
A7k Boko] 7xato]

S|

=il
LY
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Gl
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>.
X

SO) &3Fe] EoF
Table 59] 4-
3}, Fig. 3(a)
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EHE

%_1
&

2

>~

&

s
A
| e

oA

o

Y 1-2 Hh

QAU

SYTE iA=L, 20 cm ©]3}
o= Bk F7FI o, 10 cm &

o g

|

=
L5
R

o[~

Table 5 Cross—correlation between soil moisture changes and precipitation in growing period

AMJ JA SO
SOi(l eh T T [ e 3 0 1 [ 2 | 3 o [ 1 [ 2 3
cm)
Lag time (day)

10 59" 01 —-.35" -.10 a7t —.55" .10 .09 27 79" -.32 .28
20 AT" 38" — 417 -.11 i - 53" 19 -.01 12 857 -.39 -.05
30 36" 59" -7 —.13 76" — 46" A1 -.01 .03 82" — 48" -.31
60 317 647 -.19 -.14 47 — 417 07 -.03 -.04 76" - 51" —.34
90 32" 48" —.21 —.04 76" — 49" .10 02 -.03 76" - 50" —.28
120 50" 49 -.15 -0l .16 A0 -.09 07 -.02 01 A1 78"

* values are significant at P < 0.05 significant level

#+ values are significant at P<<0.01 significant level

110 Ao =R A54d A4S, 2012
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