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Abstract

This study was carried out to analyze water cycle characteristics and evaluate water retention function in Jeju Gotjawal
forest from 2013 to 2017. The average ratio of throughfall, stemflow, interception loss in Seonhul Gotjawal (SH) and
Cheongsu Gotjawal (CS) was 43.1%, 15.8%, and 41.1%, respectively. Rainfall-throughfall, rainfall-stemflow, and
rainfall-interception loss were expressed as linear regression equation (p<0.001). The comparison results showed that SH
was higher than CS (p<0.05), indicating that the canopy area had an important effect on the difference in stand structure.
The average water resources retention rate of the Gotjawal region was 41.9%, which is similar to the total water resources
retention rate (40.6%) of Jeju Special Self-Governing Province (JSSGP). Currently, the development of Gotjawal is in
progress in JSSGP. The development of Gotjawal will lead to a decrease in the water resources retention rate due to
changes in the surface environment such as an increase in impervious areas, which will affect the total groundwater content
of JSSGP. Therefore, the conservation of the Gotjawal area is judged to be very important from the point of view of water
conservation.
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Fig. 1. The location of study site.

2014).
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Table 1. The condition of SH and CS experimental plots
Plots Species No. of trees Ave. height (m) Ave. DBH (cm) Canopy projection area rate (%)
SH 9 7.3 17.6 64.4
Quercus glauca
CS 26 6.9 12.0 68.5

Table 2. The proportion of throughfall, stemflow and interception loss in total rainfall at SH and CS from 2013 to 2017

SH CS

Year R(mm) TF(mm) SF(mm) I (mm) R(mm) TF(mm) SF(mm) I (mm)

2013 958.7 521.3 116.3 321.1 1067.4 579.0 164.5 323.9

2014 303.5 58.3 21.7 223.5 577.9 171.5 90.7 315.6

2015 509.0 238.4 91.7 178.9 103.6 33.1 9.4 61.1

2016 851.0 375.2 169.5 306.4 936.5 363.0 187.0 386.5

2017 455.9 1314 64.0 260.6
Ave. annual value (mm) 655.6 298.3 99.8 257.5 628.3 255.6 103.1 269.5
Ratio to Ave. Rainfall (%) - 45.5 15.2 39.3 - 40.7 16.4 42.9
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Table 3. The proportion of throughfall, stemflow and interception loss in total rainfall from literature review

References FT MAR (mm) TF (%) SF (%) 1 (%)
Haworth and McPherson(1995) E 600 27~100 1~16 -
Jin and Son(2007): Gangwon area D 2,206 (2yrs) 82.5 3.4
R . . 2,417
Jin and Son(2007): Gyeonggi area D (17919 92.2 4.2
. . 4783
Jin and Son(2007): Jeonnam area D (1.7y19) 80.1 10.1
Jin and Son(2007): Seoul area D 3734 71.9 11.5
1.7yrs)
. . . 390
Kim et al.(2003): unthinned C 55.6 4.4 40
(5 months)
) s 390
Kim et al.(2003): thinned C 65.2 12.4 22.4
(5 months)
D 379 77.5 0.7 21.8
Khan(1999)
D - 86.3 1.3 12.7
C 1,821 70.9 0.9
Lee et al.(1997) C 1,821 62.1 0.8
D 1,821 56.5 3.9
Medeiros et al.(2009) D 550 81 6 13
C 1,036 78.3 7.3 14.4
Min and Woo(1995)
C 1,036 86.9 2.0 11.1
C 51978 56.5 52 38.3
(7 yrs)
NIFoS(2011) 401
,017
C 6 yro) 64.0 3.2 32.8
E 376 60 32 -
Nulsen et al.(1986)
E 5~25
Owens et al.(2006) C 600~900 55 5 40
Pressland(1973) E 515 69 18 13
Pressland(1976) E 515 86~94 - -
Prebble and stirk(1980) E 719 88 0.6 11
E 273 51 4 45
E - 56 6.8 36.1
Sadeghi et al.(2016)
D - 62 2 37.5
D - 64 9 26.7
Silva and Okumura(1996) D - 72 10 18
E 502 66.4 2.7 30.9
Swaffer et al.(2014)
E 65.9 2.7 31.4
E 600 87.5 1.7 10.8
Valente et al.(1997)
E - 82.6 0.3 17.1

* FT: forest type, MAR: mean annual precipitation, C: coniferous, D: deciduous, E : evergreen
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Fig. 2. The relationship between total rainfall and throughfall in SH.
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Fig. 3. The relationship between total rainfall and throughfall in CS.

F: sap flow (ml/min)
u: sap flow velocity (ml/min/cm®)
AT

max- Maximum temperature difference

between two sensors

AT: Temperature difference between two
Sensors

SA: sapwood area (cm®)
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Fig. 4. The relationship between total rainfall and stemflow in SH.

40
y = 0,189 - 1.0431
R? = 07753 a
30 &
£ &
E A & a
a
§ 20
& A& "':ﬁ-" a
&a ',
10 A-‘-‘i‘.?}ﬁs? a
&,,ﬂ'ﬁ&
ot A ﬁﬂﬁ&
0 &
0 50 100 150 200
Rainfall{rmmm)

Fig. 5. The relationship between total rainfall and stemflow in CS.
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Fig. 6. The relationship between total rainfall and interception loss in SH.
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Fig. 7. The relationship between total rainfall and interception loss in CS.

a

Kim et al. 2020b) 2.2 -2zt WEATe] 7Hd stz
2 A9l HFGFot vt AAAEA g S YERY
= Aoz gt

Fig. 2
(F=128.61, p<0.001)¢} Fig. 3 (F=434.47, p<0.001)
o FeFIE. (Rowe, 1983; Pathak et al., 1985)2
Aol ol 5=, FRokeFS |, 2t
SRS A3 02 Yeg o SjolAE 5
2 Agez E45tHKim and Woo, 1988; Min
and Woo, 1995 ; Lee et al., 1997; Kim et al., 2003,

ol

o

Kim et al., 2005). SHe} CSollA] $HFah -2 <

739o] SUNSE AP o R Flohs RS Bl
o, 71- &7 e HE-S Uehdtha sFEth(Min and
Woo, 1995). Rowe(1983)= 7]27]9] z}olE 4~551}
AEFLZO] ztol2 YEFH S ™, Kim et al.(2003)
H|ZHEALeL THH AL Ato] o] hE-9-RFe] Aol 5 Yt
Fx=2 Agstar 9ok SHet Ccse levlellE ZH
0.4463(t=11.34, p<0.001), 0.4021(t=20.92, p<0.001)
& U} CSET SHolA iAoz He SaeS |
FE=dl(t=-2.16, p<0.05) SHE} CS9] FHEFHAES
ZY7} 64.4%, 68.5%= SHO| AtH o= whe fyse
HAEO] 7]&7]oll Y vt T, o= 43



012
0.10
0.08
0.06
0.04
002

Sap flow velocity (cm/min)

o e +9LYE =4 1021

0.00

418615 41862 41862.5 41862 418635 41864 418645 41865 418655

Time (10 min)

Cs

Fig. 8. Sap flow velocity at SH and CS in 2014.

G

E
z
=

Sl FREIRAY ARk Asdak et
al.(1998)9] A7-Axel AAjhe}, E3F, 2438]74f
A Auge el #om ALl dul = Afole]
S04 HA 0= QI8 sl vhe s = A

o2 et

™

3.3. YelZE R

SHe}CS9] Aeld--=datt =7 hRok- 2] WA= Fig. 4
(F=84.65, p<0.001)%} Fig. 5(F=254.41, p<
Effiglct. Ao esat =Rokee AP AR Y
e om, 7187 ok AgeS, dud &

C5s
Fig. 9. Ratio of water resources to total rainfall in SH and CS from 2014 to 2016.

ZHAF 52 2Ju)dttHRowe, 1983; Kim et al., 2003;
Kim et al., 2005). Lee et al.(1997)2 A2t a4
o] 1Mok Aol 7HA] x| oJRt -t At
o] okal FAAL, Min and Woo(1995)+ =75k
Foll JFL n|A AR 5o ZHA, 71x|et Yo
FH|, o ZHY A, 9] |, 7] FH o=
st SHeF CS9 71e71 242 0.1699(1=9.20,
p<0.001)¢F 0.189(t=15.86, p<0.00DE HIS
Mann-Whitney U 37823 0.05 ==ollA f24<l
Zfo| & Holz] okt

7HaoERl y #holl 02 thdotH SHe CS 2zt



1022 AAE - A5 - Y

Table 4. Comparison of water retention rate between result of this study and JSSGP

Result of this study MOC (1993)

JPG (2003) JSSGP (2013) JSSGP (2018)

WRR (%) 41.9 44.0

46.1 44.5 40.6

L
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