Journal of Wetlands Research ISSN 1229-6031 (Print) / ISSN 2384-0056 (Online)
Vol. 23, No. 4, November 2021, pp. 277-286 DOI https://doi.org/10.17663/JWR.2021.23.4.277

=] O = = = = A A=
T1ZXYPARH S o8¢t 20t Dt F0|H FH 7| 2= Hot
A2 QUM 0|24 543

Use of a Structural Equation Model for the Long-term Evaluation of
Hydrological Cycles in the Seolmacheon and Cheongmicheon Basin

Soeun Kim-*Chulsang Yoo'-Munseok Lee* Sunguk Song

School of Civil, Environmental and Architectural Engineering, Korea University, Korea
(Received : 05 July 2021, Revised : 13 August 2021, Accepted : 13 August 2021)

2 o

A3t A 490 B/ HRLEL vlas
9, fE ARER ohje} o FEAY O

4

N
ok
ox
>
iut
ofl
o

)
_>|J_|‘
2
lo
frtl
2
oo
:<‘DL_:
N
H
[

X,

315
o
fllo
jS
1
o 5
2 e
oo
ol o ¥
Bl N
ot i
X, |o
b fu
RN
oo oX
Bl
PEE
ofll )
= mﬁ“
1l
Jo o

o =

)
lo

A
e
Am
o
o
Jo
>,
=
P
o
gl
il
o
e
st
Py
o
il
l.r|
rE
e po
ne ki)
o 4>
O,

|
o[\
T
2
>,
o
lo,
)
12 18
M oo,
Ho K 4
12, o [

Atk &9, A4
2 TSk Aol £ fejo] Aolsih At 5
M= Aot S Arele] HH Y wAgo]

1o
s
P
o
tl
A
o
L
ks

Abstract

This study compares the long—term hydrological cycles of the Seolmacheon and Cheongmicheon basin by applying the
structural equation model (SEM). These two basins are found different especially in their land-use pattern. Both basins
have the actual evapotranspiration data measured by the eddy—covariance method as well as the rainfall and runoff data.
The length of the data considered in this study is nine years from 2010 to 2018. The structure of the SEM is determined
by considering the correlations among the data as well as the general knowledge on the hydrological cycle. As a resul,
a total of three SEMs are applied sequentially to analyze their fittings. As irony would have it, two basins are found to
be similar in the application of one SEM, but different in the application of another. Especially, when considering the
feedback process between precipitation and evapotranspiration, two basins are found to be very different. That is, the feedback
process between precipitation and evapotranspiration is found to be significant in the Cheongmicheon basin where the
portion of agricultural area (i.e., paddy) is more than 40%.
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1. & gkt AA TSR] 2polg Haskohs IAMS Fe
ZIol g, FXHPARYL AEH HERHE dojzl ¥
o] 79 -8 2 WA N Exjolgo] A5k JTES ] Aol vﬁ‘a‘cﬂ ot Eoh FRYEARFS FREMS
u}. g Sol, EASR Qls] BESEo] ZrkehA ww, BN oF W5 el Aravel IHANS v £ 9.
gdlo] AELO A 7tash o} o2 ol 9—r 714 7“%3514} A7t bl 2R dFe
ﬁou Z7He 47 FZ5Eck(Walesh, 19915 Yoon, 2007). T g0tk THEINR ofd AAIRRIL oifieS 742
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= oggko] AHPark and Kim, 1989; Anderson et al., Ao AL FERTEARGS AHgote] EXjol8dH
1976). AtRo] 7halt Zrl= E3] ZAleFo] Hislel Aol 7} ‘:}E T fee] Ae-frE-SEt PAE 24skr 1 2
It} o] &7 Aol ZEﬂOﬂHJ abd 9==F wisle Uepdtt e Hw/g7kste o Aoy R skl dubd {4
(Park et al., 2005). Salfelolde 57 e] Ay pag 7 © HARGLE £ 54”4 E o2 fojol Hujd e s
Aot =o] sk ZQahA THETHKim et 1, 1998). Az 9] H&o] 50% x5 AT AR Er}. o] F {99
Ar)a} A7) Es| ko] 7lA= ZHE 9% EA 0] Zjo] A= AAISE o oﬂ]:] T o R SAET ke &
L ooje I} Ateo|A 7-9rt urAlehH M%_q Z71} 9o 7gol gl & AT AFE AmE ol8sth o=
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(Lee et al., 2014).
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$5 QTHHEC, 2021). Bgo] 27} /‘1
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gk 2 F4EAe] FAolA wiAlEThs &l 71k st
k. ol2igh Te 59 0#;'— =3 wekst Agol}. HE
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T4t A dof| dupt & Betel=xE Pore
AJLrt £2] Grid S5 2o

geds] oJm)7t iet
1y B@rkete HALA|4Re AP} ] 4(absolute
fit index), 24T X|4=(incremental fit index), ZFEZATHE
Z]4=(parsimonious fit index) 5°] ATHCangur and Ercan,
2015, Lee and Na, 2019). AHYEA]4= AFEFo] 2}
5o} dupt & Bl =AE Aoy og grighth SEA
XSG WEHFE Afo]9] F@4to] BF 0ozl 7Hdshe
7|ZHde] H|sto] mydo] dupt Hlo|HE & dHsk=AE
BrRRt. A} B0 1HEAe Bkt A
gt z]eol= ZholAly A, GFl(gooness of fit index),

it

:cgg
>

AGFI(adjusted GFI), RMSEA(root mean square error of
approximation), RMR(root mean sqaure residual),
SRMR(standardized RMR) 5°] 11, FEAFLEA|Gol=
CFI(comparative fit index), TLI(tucker—lewis index),
NFI(normed fit index) 5o At} E3t IHPAFEA|4oll=
PGFl(parsimony—adjusted GFI), PNFI(parsimony—adjusted
NFD 5] L

2 Aol B9 HMdE whshr] ol AR A=
A%=, SRMR, TLI, CFloJth. ZlolAlg AL ‘w2 &
A E ARy FEAH] vk FrHEe A
Tt o714 p 32 0.05ETHR-Q5E 5%) #oF 9]
T 5 StHSH| "ot shAT stolAly AL #2327,
Te/dol tiste] RISt A 7HA]2L Qltt. SRMR
of digh @A 7152 0.05E AAY ZoH £2, 0.05
Hot 337 0.08KEc 2AY o™ Wzke 01Xt 2
Arolek. TLI9 CFL gyba ez 0.9 ofdold el 2qt
Tt SHEE Aog 2t

78224 (path analysis)olst ¥45 Ato]o] JIIHAIE
Pote BATHORAN FRAo} AEASE ol&lith
(Kang, 2019). 2542 of2] ¥4 7He] QIMPAE A8
T 0, Bav OE HER 2y 52 FoR ik v
e g neket 5 gloh. ARRAA AHSE 185
2] 1 A IHO] XA PANEE BARI of| o]
FE A7 E46HA] g AR HERAR
olgt K27k Jitt Fig. 12 FX2HA4A By AE B
=Tt

ARATE JAE Uedle $A2A4 F g Aol
A=A o] F=E et Thek A—Bof| sidol= F2A4
7F 0.80]2H ol W AZF 1] S7letd W= B} 0.8
9l 371t AS oJugitk(Kline, 2011). & W4 Ate]<]
AHA IIAE UYeil= ARASE AP ade g
o} 7ol b= Hg A7t §i4= BE AA WS CollAl
e uE X JrHA—B—C). o3 o AAHs(HS:
A7} iS4 B)E Foll A4 Ol d3e 1l
A= A=E wivfareta et mivfavts HeE AR2E
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Fig. 1. An example of the structural equation model.
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.
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Ht. Ahwm 717k B 7RgRE AASEAES] Am T F
ek 2010958 20189 Atel= shGich 7 Fo] o=
A A=z ARFSATHAES] AHmoln
8015 AMERD
@] Fe—fE AmelA sEAAEEY
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mmz A §elo] Wgo] o Itk WFEWL Y =
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b §elolA 3345 mm, Ao

feellA 368.1 mm

Fig. 2. Location of Seolmacheon basin (left) and Cheongmicheon basin (right) (empty circles indicate the precipitation gages, solid
circles the runoff gages, and solid triangle the flux tower)
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da2-fEY-0|2M-54= 281
Table 1. Basic statistics of the data measured in the Seolmacheon and Cheongmicheon basin (the unit mm is used for all data)
Seolmacheon Basin Cheongmicheon Basin
Year Prec.ipita— Direct Base Flow Evapot{fan— Prec.ipita— Direct Base Flow Evapot-ran—
tion Runoff spiration tion Runoff spiration
2010 1,936.2 1035.3 548.5 489.4 1,434.5 348.6 410.4 650.6
2011 2,044.7 1235.5 490.6 387.0 1,920.7 966.1 568.1 523.9
2012 1,553.0 464.7 549.8 323.8 1,445.2 331.6 456.9 509.8
2013 1,477.1 790.8 312.1 293.8 1,267.8 221.4 462.0 467.9
2014 652.7 71.6 130.8 360.9 946.7 99.4 249.9 533.9
2015 835.8 139.0 162.5 419.6 9447 74.3 2454 600.5
2016 1,152.1 410.4 247.4 566.9 877.4 97.7 188.1 588.0
2017 1,004.5 353.8 292.6 591.3 1,186.9 213.3 286.6 441.0
2018 1,402.4 535.6 276.4 431.1 1,425.0 198.4 4457 415.5
Mean 1,339.8 560.3 334.5 429.3 1,272.1 283.4 368.1 525.7
Max 2,044.7 1235.5 549.8 591.3 1,920.7 966.1 568.1 650.6
Min 652.7 71.6 130.8 293.8 877.4 74.3 188.1 415.5
Standard Deviation 446.5 368.2 149.4 97.1 331.0 258.3 121.4 71.5
Skewness 0.08 0.25 0.25 0.31 0.47 1.6 0.01 0.11
Kurtosis -1.50 -1.68 -1.68 -1.47 -0.91 1.37 -1.67 -1.46
ot} Z|AF=E0] Hal> A FE vz Fru)d fHelA Uz oA 7R (stemflow) 2] FEIE AHo| =ET
Za © A Hssith 713Gl 7P w2 sile Ak o Aol =Ee A T dRs AR, EYY ARsS
FollAl 201249, el folA 2011dole}. HEH 7R 25 e AuEs 5ol fEEh ARE A 5 4R
w2 i Aubd fodollA] 2014, AFrld follA] 20161 = e EAHY U= HF, Aok 559 11 7
oftt. Ao A A o= fEHT 2Rt s S
Arbd {999 Auld foe oldsihdlS Sl AAl deshH et AHRE, At TIARE, Aeet St
SHES S5k Qi oltEibd e WRol a4 & Atole] QIMHAE 7P 4= Utk
glaot £57] FeE Skl BRI ZAst ST 2 AFolA= A 9919 A=, ST 9 ARRE, 71AR
AR Altsks Wolth ot FAHe B Favt & FEote] sk Sk WA o] Afolo] FHEAS
HAog skl HWgsto] o]F] avE FAL 4 JloH, AR Solf I 4 QltkFig. 3). o] I”elA AmE 4
SHG0] AlZtol| mbE WSS FAD 4 Qv 7HS A U= AAY, e AREN AR A, IARETE
A2 gt(Baldocchi et al, 1988; Burba and Anderson, ol A HolEtt AHGET 71A4GE Aoldk 79
2007; Allen et al., 2011). ¥ FAFolHE S22 ERgloA] o S Aol yERdTh T Sk ohE WaEdt et
24 HS 28ote] BE AASEEARE AMESHA AT HolFA] Fetal Qi SEAte] kel 2719
oh. Arpd o] E8A BRelE 71k shA] 244 o] niE et gagle] Uehs A2 ¥ I

Aufele] S8k 9, el Aol Belx et A1 ofF
Z AP AT 597169 AT o S5k
Q. FUA G4 AR ARE ATl Fase] B4
ARgotet,

FERAPARGOIAE 2 0] ggel F5uA e
A9 of2g At 229 4 9lrk BYOIH YRR 27

< HEHEG, =102 2HPS WKline, 2011), 71&F
Aol vehd Ants BR, @HEE 0.08 ~ 160, Mk
-168 ~ 1372 AREE WEICHE Zoz eyt

(Table 1).

24 7122l 44 L It

9o W e 5 AR E A 502 AgEd, L]
7} AR it At Fe & dF = SUE &4,

2 AFelre A ARRE, V1A=
HHAE gt vested
Aok AARE,
2l et ST Aol JIFEAE 1siglnt. St A
2T ST 7IARET SR Aol A= Q1A
mgo] A F, 2 A7) 2

59 A%, AWGE, NARE, FENE of

=

-5 TR dHEAIE Hole

\ roll

o i
2
rE
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(a) Seolmacheon basin

Precipitation
1200
L]
800
400 o Direct runoff
e
of® .
800 1600
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400 A a00 | °%
o < Baseflow
Y T 0 T T
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800 800 — — 800
o ° . ° P Evapotrans-
. . .’ . . - ® e irati
o .
400 T aco L4 ‘ wol . piration
800 1600 0 400 800 0 400 800

(b) Cheongmicheon basin

Fig. 3. Scatter plots developed for the data observed (the unit of mm is used for all data)

Table 2. Comparison of correlation coefficients among the observed data in the Seolmacheon basin (left value) and in the Cheongmicheon

basin (right value) (* indicates p<0.05)

Precipitation Direct Runoff Base Flow Evapotranspiration
Precipitation 1
Direct Runoff 0.95* / 0.90*
Base Flow 0.89* / 0.94* 0.76* / 0.77* 1
Evapotranspiration -0.16 / -0.22 -0.12 / -0.02 -0.13 / -0.31 1
P P
0.79(0.95) 0.30(0.89) 0.75(0.91) 0.37(0.94)
RE=091 ] © R? = 0.79 RE=091 | © R? = 0.79
1240533 _| D ® B . 4663.82 12094.31 _ D = B . 1747.30
(0.09) w 0.21) (0.18) S 0.12)
) o
o =
0.21(0.78) 0.27(0.41) 0.23(0.83) -0.23(-0.38)

9262.59(0.97)

(a) Seolmacheon basin

4112.64(0.81)

(b) Cheongmicheon basin

Fig. 4. Application results of the base SEM model(ET represents Evapotranspiration, P precipitation, D direct runoff, and B baseflow).

olgjet TRYAFARYS Hupd Fout AHupd oo A
3 AV Fig 49 Aok 11 A8 Avke 94 AT 2
e Iz dedsta ok a8y Hedds HEHos
frolotA] ¢k Aoz yepdtt dupd (o stolAlg 7
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Table 3. Results of model goodness—of—fit test (Seolmacheon basin/Cheongmicheon basin)

Significance Basic Model Modified Model 1 Modified Model 2

Chi-square - 4.898/3.003 0.335/1.911 0.325/1.911

p-value »0.05 0.027/0.083 0.846/0.385 0.569/0.165

SRMR »0.05 0.043/0.036 0.012/0.065 0.012/0.065

TLI 0.9 1.142/1.008 1.116/0.839

CFI 0.9 1.000/1.000 1.000/0.975
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