Journal of Wetlands Research ISSN 1229-6031 (Print) / ISSN 2384-0056 (Online)
Vol. 19, No. 4, November 2017, pp. 470-483 DOI https://doi.org/10.17663/JWR.2017.19.4.470

19504 O|% ob=, S=, L2 AdHst & o|o] I}E sE2=2 Hat 24

e

Analysis of change in hydrological cycles of South Korea, China and
Japan due to the change of their vegetation since 1950

Sung-uk Song-Eunsaem Cho-Chulsang Yoo'

School of Civil, Environmental and Architectural Engineering, Korea University, Seoul, Korea
(Received : 23 October 2017, Revised: 06 November 2017, Accepted: 06 November 2017)

Aol Wslel Zhe EXnlE T EX] o]g9] ¥ishs B} ofux] £gte] HglE sl dIHo R s foF, S,
B, 718 e £ELe ddtef] 2 RS mA), B Ao iR A E-EREY tofet B, EX|o]E,
AR, 7V 5] ARE o]8510] I F7|Ttel AA vERY 4-E5gke] HelE RSt o] 5] B AFoAE Fotiot
Aot =, DB, GdtollA Lt A 5001 | 7H1955-20109) 9] 4Rt H3lE nojsty 1 AntE Brlsigltt £3]
B Ao A7 FolAlol Z7HER] AIRREE 0] Hidohs EXNELE A¥sto] o]galltt. Rt ol A
A 7170 dA F29] FEE Batol 47.0%= YERL, 29 ARoll= 62.7%, Hee] Aol 49.4%2 Wbt A4
19| 717kof| e ErEo] Bie FVPER AuHE, So] 22.2%, UEo] 35.6%, Ee 23.9%= UERTE nfAgo 2
ZaPAEe] A9 Z3o] A9 woly|7h A o] gigh FHhAke B 52.7%, LEL 37.3%, H3HS 50.4%= 2= QIrh §3,
ZAroAle mo] A71#(1955-19909, 199120001, 2001-20109) 2 4-E<=3to] Wishy} =alalA] Uepgon oo A8
QPASto] mhE QPP AQl SRt JES FRIT 4 Qi) ok HRloll: AR eFgslef whE ERst AJRo] HYst
ThA o221 QlE Ze Flatsrt

SAIRO| 1 FotAlo}, SE48 VIC L, A4 st

Abstract
Changes in land cover or land use, such as changes in forest area, can cause changes in water and energy circulation, ultimately

affecting overall hydrological cycle including stream flow, evapotranspiration, soil moisture, and base flow. In this study,
the changes of the hydrological processes over the past long period were simulated by using large—scale surface hydrologic
model along with various soil, land use, vegetation, and meteorological data. For this purpose, this study simulated and
evaluated the changes in the hydrological cycle for the past 50 years (1955-2010) in East Asia including China, Japan
and South Korea. In particular, this study used the land cover maps which can properly reflect the vegetation condition
for each simulation period. As results, the mean runoff ratio of China was estimated to be 47.0% over the entiree period,
62.7% in Japan and 49.4% in South Korea. The mean soil moisture of China was estimated to be 22.2%, 35.6% in Japan
and 23.9% in South Korea. Finally, the mean evapotranspiration rate was estimated to be 52.7% in China, 37.3% in Japan
and 50.4% in South Korea. Especially, in China, the hydrological cycle was found to be changed very much for the entire
simulation period. However, in Japan, the hydrological cycle was found to be very stable for the entire simulation period.
The hydrological cycle was also found to become stable mainly due to the stabilization of the vegetation.
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Fig. 1. Structure of VIC model’s water budget model.

VIC 2@e b7, A, Bl 4528L nejstl B
3} oA §5L mojet BRo=, 27 244, e
54, A5 BEZ T ek £ ATelAE £
2, FUA, EGLES molshy] 1) A4, B A4 A
22 olfslo] 4E&RE Bojel: VIC BYe] B4

olgsleitt. Fig 12 VIC Bee] 2474 BY 7.2
@ BAZR tehd Zolt,

2.2 VIC 29| £33 2| HHH
VIC 282 792 Qs e HyS 1
A BFEE A7t ot Zosh= o}, EoHH

ERURN)
Y
lo,
i
S
&
T
2
=)
o
)
_>,i
nE
i
od
1o,
e
rg
)
ofy
i
< 0% |
4 rle

Bol ofs) xotd sAWAoR AHHL £ Aol
DAL ofdet Ze A olgste] 2
T ojgiey,

1= (1—a4)"") (1)

w max [

w

9 AoA ws EFSRmm), w,, & HAHESFTE(mm),

EQRIAA EEo] w of5iel BHO] B, b, =

VIC 22 AAoM ] SH(E), diAloA 9] SE(E),

rl

qe) BF el Agnezee] FHEE P
FRUFE AP WA, AN FHE)E ABE

o, @

9] AelM e A 22 FFmm), W, 2S5l

im =

P
B4 Aol Al

A BSS 4+ = EH G482 mm), £ = Penman—Monteith
=
[e} =

A S (s/m)S

2~
T
571
a!

LOH‘

yoizlof A 9] SH(E)2 EF FFFRESA W oh= 5
e oJmlgitt, YA F9Fe Franchini and Pacciani



s4%-22M Sy 473
(19917} AARE A5 o]gsto] v go] AHeitt E30 BAA | wet A E o
_ _ dl X Wy, Wy = wlﬁmax
w= E;){/ a5 /9 Z,n 1 - )mel”] dS} (3) Qb B dl x w1+d2(w1_wswl,max)7 W = Wi, max (7)
91 AelA i, & Aol AESmm/day), iy we] Age) VI G S mm), 42 AR ds
Aol AES(mm/day), S ZstARHES o]n|gic}, AR, we SHPESS EYFEd3(nm), w,
Ageaa 2 HE o] SAH(E)-2 Blondin(1991)3F Ducoudre = g7 sel Aok AL M R
__ 5 =0 o]:/\_l?_
r al. (1999)9] BEBAE olg3to] A5, Pl e OHPESEA HASFTEmm)C.
LY, Tw 2.3 VIC 29| o7y ZH
B = [1_(7)2/3]]3},(ﬁ) 4) | OH7H
im TwTTaTTe VIC 239 uiZjfis EoF 7ot A4 w7z
o N s o TF2oto] & 4 Stk &2 Aolis AXF EG=et FaEA
H /\10“/\-1 T /\]/\H-u-]l_'i—xiol'(S/m)E— q—E}]’Hq 94 X_]EE_ O‘I_Q_g‘l_oq VIC 51_—6:‘]9/] ﬂx‘l_aﬂ E_Ok HH7H ‘__/'\_%_
VIC 232 92 ol Z3te= Axpo] HAS Jefs) AAsto). 15._01:52 B AX 4 QL nuss 1og
SR E: 2 E%Dq l;; o utet Eq-lolz _-;_o::o]r,]- ol ‘ﬂ:ﬁ?} (n), ZSFEFASNK,), AFAS(exp), EFFTUE
LS o Zo A 7 =A™ 5
QL_—.Z}—J HZLS ol AlH - Lot HE52 o]8sto] (’quzk) AAEFSE(w, ), JREFSFE(w ), BAF7]H
A% o] off Axf{ES A= A2 ot 2 ) "
ZH|(D,), AHHIAZINAREHD, |, Jo1H, o1& 714
ig+ P\ Tl TI‘"'EQ’] ATH F& 24T B} FAEHEES 0|85}
Q=Ptw—w,, 1—(1— i ) 5 AEGAAS,, )% EFA0|()E AT 4 9lon], o5
< EgTe 9 ARFE Aol o] 8H= miiEaolt
VIC B@oMe EGrEdy SEAF] pojet 3o EFET Al wet B85 n, Koy ¢ Yo Wers Wy
Edradne] #AE 2Est 47(Q, )8 RORH Table 13} Zro] A Htt o]FA 24 H ne 3IEE D,
AFE Alitsle A2 B rooks and Corey(1964)7} A|Fgt D b, THHSE APgShEd] ol K2 EIES
Alg olgstyon, 11 A2 oyt gt S8 D, S AHshed olgHw . uH7HtH_/|:t FAEEE -
w—b, 1 AAsh=d ol §d. v EFERO e Fu dkg
Quep = K| 75 _9} 6) S8 9FE A= Al w, B w, “H7H Hp=
R 217t QAR A5Eel AFshe 2ANA 0] EgsrulE
Eq. ()14 K, Zstee]dEE(mm/day), 6,2 Zto ojujgtty, & A= FAONA AlFshe EF HAHE
EoFiBek(mm), ¢ H:AZo|t} USDA®] Bl AlAlel BHA] Aol ¢4 g% 6719
VIC B89 7|-4%&(Q)2 Francini and Pacciani WA S ek el A st

(1997} Aere A& olgsted gahat gol sy 1S O AT Slell St e b
Table 1. Soil Parameters according to Soil Classification System
USDA Soil Type Porosity Saturatefi Hydraulic Exponent o.f Brook—Corey | Bulk Density | Critical Point | Wilting Point
Class (n) Conductivity (X ,,) Equation (exp) i) (w,) (w,,,)
1 sand 0.43 38.41 4.1 1.49 0.08 0.03
2 loamy sand 0.42 10.87 3.99 1.52 0.15 0.06
3 sandy loam 0.40 5.24 4.84 1.57 0.21 0.09
4 silty loam 0.46 3.96 3.79 1.42 0.32 0.12
5 silt 0.52 8.59 3.05 1.28 0.28 0.08
6 loam 0.43 1.97 5.3 1.49 0.29 0.14
7 sandy clay loam 0.39 2.40 8.66 1.6 0.27 0.17
8 silty clay loam 0.48 4.57 7.48 1.38 0.36 0.21
9 clay 0.46 1.77 8.02 1.43 0.34 0.21
10 sandy clay 0.41 1.19 13.00 1.57 0.31 0.23
11 silty clay 0.49 2.95 9.76 1.35 0.37 0.25
12 clay 0.47 3.18 12.28 1.39 0.36 0.27
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Table 2. Vegetation Parameters according to Vegetation Classification System

VIC Vegetation Class r, T\ LAT Albedo RGL
Evergreen Needleleaf 60 250 3.40~4.40 0.12 30
Evergreen Broadleaf 60 250 3.40~4.40 0.12 30
Deciduous Needleleaf 60 150 1.52~5.00 0.18 30
Deciduous Broadleaf 60 150 1.52~5.00 0.18 30
Mixed Cover 60 200 1.52~5.00 0.18 50
Woodland 60 200 1.52~5.00 0.18 50
Wooded Grasslands 40 125 2.00~3.85 0.19 75
Closed Shrublands 50 135 2.00~3.85 0.19 75
Open Shrublands 50 135 2.00~3.85 0.19 75
Grasslands 25 120 2.00~3.85 0.20 100
Crop land (corn) 25 120 0.02~5.00 0.10~0.20 100
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(a) Global Soil Map (FAO, 1995)

(b) SRTM DEM from CGIAR

Fig. 2. Soil map and DEM used in this study.

Table 3. Information on Land Cover Data Collected for the Simulation

Name NASA Global Land Cover UMD Land Use Map ESA-CCI Land Cover
Institution NASA Goddard Institute for Space Studies | University of Maryland | European Space Agency — Climate Change Institute
Resolution 1° x1° 0.01° x 0.01° 0.0083° x 0.0083°
Year of Production 1983 1995 2005

(a) NASA Global Land Cover (1983)

(b) UMD Land Use Map (1995)

(c) ESA-CCI Land Cover (2005)

Fig. 3. Three different land cover data used in this study.
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Fig. 5. Runoff Ratio Change in China, Japan and South Korea

Table 4. Comparison of Statistical Properties of Runoff Ratio in China, Japan and South Korea (Mean, Standard Deviation, Coefficient

of Variation)
China Japan South Korea
Precipitation Runoff Ratio Precipitation Runoff Ratio Precipitation Runoff Ratio

(mm) (%) (mm) (%) (mm) (%)

Whole Period 1022.6 47.0 1617.8 62.7 1177.5 494
o Tene (99.7, 0.10) (4.9, 0.10) (184.9, 0.11) (2.5, 0.04) (246.6, 0.21) (4.8, 0.10)

19551990 1025.7 46.9 1630.6 63.0 1123.2 48.0
(101.8, 0.10) (5.8, 0.10) (188.2, 0.12) (2.7, 0.04) (211.7, 0.19) (4.3, 0.09)

19912000 1043.1 48.6 1588.8 62.1 1186.2 50.9
(126.5, 0.12) (2.6, 0.05) (213.1, 0.13) (2.6, 0.04) (269.5, 0.23) (5.0, 0.10)

2001-2010 991.0 453 1600.6 62.1 1364.5 53.0
(50.9, 0.05) (2.1, 0.05) (154.3, 0.10) (1.6, 0.03) (272.0, 0.20) 4.6, 0.09)
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Table 5. Comparison of Statistical Properties of Soil Moisture in China, Japan and South Korea (Mean, Standard Deviation, Coefficient

of Variation)
China Japan South Korea
Precipitation Soil Moisture Precipitation Soil Moisture Precipitation Soil Moisture

(mm) (%) (mm) (%) (mm) (%)

Whole Period 1022.6 22.2 1617.8 35.6 1177.5 23.9
ol e (9.7, 0.10) (1.9, 0.08) (184.9, 0.11) (2.0, 0.06) (246.6, 0.21) (3.5, 0.14)

19551990 1025.7 21.8 1630.6 35.8 1123.2 23.5
(101.8, 0.10) (2.0, 0.09) (188.2, 0.12) (2.0, 0.06) (2117, 0.19) (3.5, 0.14)

19912000 1043.1 23.3 1588.8 35.0 1186.2 24.0
(126.5, 0.12) (1.3, 0.05) (213.1, 0.13) (2.2, 0.06) (269.5, 0.23) 4.1, 0.17)

2001-2010 991.0 22.8 1600.6 35.4 1364.5 25.5
(50.9, 0.05) (1.5, 0.07) (154.3, 0.10) (1.9, 0.05) (272.0, 0.20) (3.5, 0.14)
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Fig. 7. Evapotranspiration Rate Change in China, Japan and South Korea

Table 6. Comparison of Statistical Properties of ET-Ratio (Evapotranspiration Ratio) in China, Japan and South Korea (Mean, Standard

Deviation, Coefficient of Variation)

China Japan South Korea
Precipitation ET-Ratio Precipitation ET-Ratio Precipitation ET-Ratio
(mm) (%) (mm) (%) (mm) (%)
Whole Period 1022.6 52.7 1617.8 37.3 1177.5 50.5
ol o (9.7, 0.10) 4.3, 0.08) (1849, 0.11) (2.4, 0.06) (246.6, 0.21) (5.3, 0.10)
19551990 1025.7 525 1630.6 37.0 11232 51.6
(101.8, 0.10) (4.9, 0.09) (188.2, 0.12) (2.4, 0.07) (211.7, 0.19) (4.7, 0.09)
1991-2000 1043.1 51.8 1588.8 38.2 1186.2 49.1
(126.5, 0.12) (3.7, 0.05) (213.1, 0.13) (2.8, 0.07) (269.5, 0.23) (6.7, 0.13)
2001-2010 991.0 54.5 1600.6 37.6 1364.5 46.7
(50.9, 0.05) (2.0, 0.07) (154.3, 0.10) (1.7, 0.04) (272.0, 0.20) (4.3, 0.09)
5. Q9 A= SO ARE ol&ste] B F7IZMel A UEhd sEE
& B4o] WskE mojs) Huxt skt ol Sl & o
AAA Arsre] st ExmEAN 2 A4 E5] A TollME FotAlore] F=, A&, "etolA vehd 3 50
of A4 dFE F0] FolAlote £ ks A4 AAE o ¥XH955-2010)9) #Ew# 54 WEE meojehal 1
el Hsh AtgdA ] Hols 2Tt Zlow dHA AINE Brkskad.
ot} o= =1 Usto] AS AAAA o| A7t 3HstE 53], & AFollM= A7IE Fotrot 27 AR X
Al wpA|shy| dhel, 2o Al7] ABL o|n] oFAEIE A £ AHde] Wgste EXNEEE AYsto] o]gstiirt
g palots Aol ERegnt WEt A4 AAA oy 1955-1990WS diEste 4AZERE 19839 NASAS]
s} o]20]7l thoo] BAM o Arde ralsly] Alzet EAOEL 1991 -20008-& 19952 UMD EX|uj&
gon, 1217 GDP7} $10,0008 Z7}sl= 1990 o= I, 2001-201019=2 2005 <] ESACCI] EA Tt 5of
A A BB Bosig Aug Aoz Uehgt Aot =7159] AERE F TS & e 2o glE o]
2 A BT gEo] 1990dtE s|dor F4&35 o5 moof o]-gsI3irt. ol o AV =7hE A B B
AAES olFWon, 191% GDP7} F436] AAets A 2|05 o] Mgt et mojof vhgdE S Qlglth 2
719} Ak el MAo] Zrteta gl AHo] Ao dzatn Aol A ol 8-t 7]1dAtE= ml= NCDC (National Climate
Qlth. o]} Zro] AA A Arstul Atgo] ZAJAE] Afolol= Data Center, @ National Centers for Environmental
olx BH 3ol 9l Ao] ApAlolc} AtelmAc] Wst  Information)olA AlFSHEL Sl A A4 4 W 7l
o} Z+e EZ|uE Tl Ex] o]&o] Wil B} oz & NASA Surface Meteorology and Solar Energy (NASA SSE)
s WMsls fuste] FIHoR o4 %, SWA EF  Release Dataserd] Rt 34 Amolo.
S8 I\AGHT T SBEF B ] 2 JFS ] 2 AFE ol Aol pRed Ref dibe tat 2
At olo] B AN g A BLEELS nyda) o o 14 FEES B, A 710l 24 T2 #EE ¥
oFst Vo grY FE et B Exolg, A4, 74 T 47.0%2 UEUA, d2o] Feels 62.7%, dete]
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