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Abstract

Watershed runoff that is an important component of the hydrological processes has been significantly altered by climate variability and
human activities in many watersheds around the world. It is important to investigate the impacts of climate variability and human
activities on watershed runoff change for water resource management. In this study, using watershed runoff data for 109 middle-sized
watersheds in Korea, the impacts of climate variability and human activities on watershed runoff change were quantitatively evaluated.
Using the Pittitt test, the analysis period was divided into two sub-periods, and the impacts of climate variability and human activities
on the watershed runoff change were quantified using the Budyko hypothesis-based climate elasticity method. The overall results
indicated that the relative contribution of climate variability and human activities to the watershed runoff change varied by middle-sized
watersheds, and the dominant factors on the watershed runoff change were identified for each watershed among climate variability and
human activities. The results of this study enable us to predict the watershed runoff change considering climate variability and watershed
development plans, which provides useful information for establishing a water resource management plan to reduce the risk of
hydrological disasters such as drought or flood.
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Fig. 5. Relative contributions of climate change and human activities to runoff (map)
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Fig. 5. Relative contributions of climate change and human activities to runoff (map) (Continued)

ol A ok A 0. 2 ket F7A#1008), H3te]
H(#1009), =HH#1010), 5#1011) 5 5 H 54
ofl thgh 714 Avh= 7] 95 (52.2%)°] 17 EH5(48.8%) 2
AR} A YEE O™, Shah er al. (2022) 2] 3t} 54
o] Autet o] 7| e i 5] ZuiA ] Q3191 A0 & SRRl%|3)
T}, 3, BATH#1002), S5H(#1003), SH#1004), S5
9 SERH(#1005) 5 B W FHG2 71 FHE(62.1%)°]

AT E5(38.9%) 2] FFET IA UEteH, b
(#1018), e 11%%(#1019) 5 o7 W THYG-2 21t
5(55.6%)°1 715 H5(44.4%) 2] FFETT ZA YT

Y573 HG ] 759 mi7fAR]] v BE FEFNA <
0.97=2 AP =] gl om, o] thet FE2] &)
1.36~1.66, 7 SHArgol] et FEd2] ©8/d(epp)

-0.66~-0.36°] HI9I2 A= It SHY T 197h= I SE

<

)
et o

lo



246 M. J. Oh et al. / Journal of Korea Water Resources Association 57(4) 237-248

=)
S

@
=]

Relative Contribution(%)
IS o
S 3

N
=]

——

Climate Variability Human Activities

(a) Han River

|

3
=3

=3
S

N
=)

Relative Contribution(%)

N
S

'
'
—_—r 1

|
;
0
Climate Variability Human Activities
(b) Nakdong River
100
€80 .
=
0
B
2
£ 60 ——
8 ' T
[ ! 1
> 1 1
k-4
o
20
Climate Variability Human Activities
(c) Geum River
J— _
i ]
.80 : !
& i
& |
S i
75 60
2
o
= T
L4 |
e :
2
20
- R
Climate Variability Human Activities
(d) Seomijin River
=
80 h
g —_
= i
2 1
.-5 60 H
£
o
o
° .
240 |
] ]
E i
.
20 i
—

Climate Variability Human Activities

(e) Yeongsan River

Fig. 6. Relative contributions of climate change and human activities
to runoff (Boxplot)

Bk 71
37472 %

=
T AF I 722 o] WA o] FT18 e
olgfet EX] n} & RSt = QI S50 F Q1o = It A
o7 FAHc} He et al. (2008)2 EA| 0]-& At &7} 5= Hei
7o) St sPRE, 15 A ol et A

Wjo] AistA e

=

AR7FAQ 0] 739 ui7AR]] e BE FAGA <F
0.952 AP =] gl om, ZFa=ake] thet RE52] B ()
1.37~1.50, &A Skl thet G272 B (epp)
-0.50~-0.379] M= AP =ik THY 5 107h= 71 HE
Hop= QR0 2 It ks I = 2 o 2 YeRith

A ELL] e i HE] v BE FEYA oF
0.952 AP =] Q] o v, Zreako] thet 23] B A ()
1.40~1.60, A S ategol] et F-23 ] =4 (eppp)

AN E 715 ets 2 H42] 46.1~60.8% 5 AR
™, Q17+ 2H5-239.2~53.9% 5 AFA|§F A 0 & LEpRiT gt
Kazemi er al. (2019)2] AX}o A= fE0] 38~58%7F T4
stlon, 715 WSt sHd 58 Aol 55%S AHAI5H

2 A7} old A7-E Fol 715wkt Ikt 2F 0] A
A 719 e S Dol Hdsiths A gelstie,
SUAER 7SS I 250 I Foll HEF HSl]
AEiA Q) 8.910] FAUA] mpefet 4= QIQAT. EL, 71 % HE
o] Faol 2 FHIELS 712 RANA Ao kel
A HA S| el 2hoH 75 Fo] it
719 =7 AT AE T

=

Qg 4 it
5.2 &
REFL S L0 WS FAT T Adolnl, §EF



M. J. Oh et al. / Journal of Korea Water Resources Association 57(4) 237-248 247

b
o

371HE o ek o F-Ee] A
fFEFHs FoA =8 8
U2 2 AlE B Bl E
Sto] 715 I 2] FF
Zo| Fasttt. J1ev-e2uer A
o Histo] thel] ezl o2 Bt
2 A=A Aot e =
SRR UYrelom, A A1=9
FETY Halge 54 aad=

]

o |r
i
offt
oo
30 o,

o

S
o,
1o

rlo oX

¢}

2R
N

ﬂd
ik

r
)
E:
E

ot K

Mo 4o o 2 lo
2 |o
2 U
i o
i)

o H ooy oy

Mo
L)
olt

z o
R
Fﬁ%

‘|_

rr

__)&4
o o
lo 18 ¥

o |o

.13

_(:»‘L
ra
do 2
19 L
[o
ol
(o

ol
lo &
2

o £
T o
r

2 e

<
ot ofo

s

= 1973~2020
{H sl FEF
O|E 91of Pettitt 473
2‘31 Budyko 71 7]HE 2 A 0]
&t 1= Lﬂ'oﬂ |2 kS AFslsrAry.
ST }5101] U5t Pettitt A4 A3, 347F, Y=t 27

e
)
T

i o
wh
)
o)
18
10
3
=
o
r
12
tlo
fu)
o

o
ox oo

o

o

=)

N

T

rE :

ol

rO

N,
i m&& |o

g
2
r
of}
olt
r

o
fjo

N,

o of
)
lo
Q
Az
)
ol

2
_V,L

o
o
P 1
%
_;

oﬁj
o

S}
— =
Zbell et =% ‘?ﬂﬂ} }041421% Gt 7| T o] o5t
il

° Sh= 7| S E Tt
A7 & B S m|RITka 7HY sttt ol e 7S
Higko 2 J-E3F HolE 7|3 eiE o7t S 0 &2 Balstyl
ou, FAHultt F-E7 Jste] vx]= 819 A& 7]
o= AMetTt. P2 71 55 0] 10.8~98.7%, 9
7 ; 52 1.3~89.2%% i}ﬂ ﬁ}%iﬂﬂi S e dg2 7)1 eH

70?3‘11% 71 ‘5450116%91.5%, A EE-28.6~83.9%5

x}x] o}git} T%l 5} ,] Oﬂolzo] =%

“&mﬁiﬂﬁ}i“%ﬁ%ﬁﬂﬂﬁ%
& AolAlE Ea0] FHA FR7E AR A] o3
32 s B 71T EOl REF W

o] QJtH(Yang and Yang, 2011).
olggt AR5 A Aol Bl FakS 5] w2l
T AtollA= = ofof & Aofrt
2 AT NS Sl A 2= o] G5 Skl st
SHEy}ol7FsE o 2 Ak 0 2 Ha|slo] S-=dfo] u]
=% |Z7155HA obH, o] = ml 2] &4 <1 42}

= sho
2] FS
A B g Aokt Fa3t 75| H

g Zio]H.

2t 2
O] =22 WAHMPAR A T AT 7[e/dAd o

2|9 wrot =85 A9)(2022-MOIS63-001(RS-2022-

ND641011))

Conflicts of Interest

The authors declare no conflict of interest.

References

Ahn, K.H., and Merwade, V. (2014). “Quantifying the relative impact
of climate and human activities on streamflow.” Journal of
Hydrology, Vol. 515, pp. 257-266.

Bai, P, Liu, W., and Guo, M. (2014). “Impacts of climate variability
and human activities on decrease in streamflow in the Qinhe
River, China.” Theoretical and Applied Climatology, Vol. 117,
pp- 293-301.

Brown, A.E., Zhang, L., McMahon, T.A., Western, A.W., and Vertessy,
R.A. (2005). “A review of paired catchment studies for deter-
mining changes in water yield resulting from alterations in
vegetation.” Journal of Hydrology, Vol. 310, No. 1-4, pp. 28-61.

Calder, I.R., Hall, R.L., Bastable, H.G., Gunston, H.M., Shela, O.,
Chirwa, A., and Kafundu, R. (1995). “The impact of land use
change on water resources in sub-Saharan Africa: A modelling
study of Lake Malawi.” Journal of Hydrology, Vol. 170, No.
1-4, pp. 123-135.

Conte, L.C., Bayer, D.M., and Bayer, F.M. (2019). “Bootstrap Pettitt
test for detecting change points in hydroclimatological data:
Case study of Itaipu Hydroelectric Plant, Brazil.” Hydrological
Sciences Journal, Vol. 64, No. 11, pp. 1312-1326.

Das, S., and Banerjee, S. (2021). “Investigation of changes in sea-
sonal streamflow and sediment load in the Subarnarekha-
Burhabalang basins using Mann-Kendall and Pettitt tests.”
Arabian Journal of Geosciences, Vol. 14, No. 11, pp. 1-14.

He, H., Zhou, J., and Zhang, W. (2008). “Modelling the impacts of
environmental changes on hydrological regimes in the Hei
River Watershed, China.” Global and Planetary Change, Vol.
61, No. 3-4, pp. 175-193.

Jehanzaib, M., Shah, S.A., Kwon, H.H., and Kim, T.W. (2020). “In-
vestigating the influence of natural events and anthropogenic
activities on hydrological drought in South Korea.” Terrestrial,
Atmospheric & Oceanic Sciences, Vol. 31, No. 1, pp. 85-96.

Jiang, C., Xiong, L., Wang, D., Liu, P., Guo, S., and Xu, C.Y. (2015).
“Separating the impacts of climate change and human activities
on runoff using the Budyko-type equations with time-varying



248 M. J. Oh et al. / Journal of Korea Water Resources Association 57(4) 237-248

parameters.” Journal of Hydrology, Vol. 522, pp. 326-338.

Kazemi, H., Sarukkalige, R., and Badrzadeh, H. (2019). “Evaluation
of streamflow changes due to climate variation and human
activities using the Budyko approach.” Environmental Earth
Sciences, Vol. 78, pp. 1-17.

Kim, H.B., Kim, S.U., and Lee, C.E. (2017). “Quantitative separation
of impacting factors to runoff variation using hydrological
model and hydrological sensitivity analysis.” Journal of Korea
Water Resources Association, Vol. 50, No. 3, pp. 139-153. (in
Korean)

Kim, T.J., Kim, S.H., Lee, S.H., Kim, C.S., and Kwon, H.H. (2020).
“Runoff assessment using radar rainfall and precipitation
runoff modeling system model.” Journal of Korea Water Re-
sources Association, Vol. 53, No. 7, pp. 493-505. (in Korean)

Lee, B.R., Jung, D.Y., and Choi, S.Y. (2019). “Analysis of urban run-
oft discharge characteristics affected by climate change and
urbanization: case on Bokdae-dong Basin.” Journal of Korean
Society of Hazard Mitigation, Vol. 19, No. 3, pp. 41-46. (in
Korean)

Li, Z., Huang, S., Liu, D., Leng, G., Zhou, S., and Huang, Q. (2020).
“Assessing the effects of climate change and human activities
on runoff variations from a seasonal perspective.” Stochastic
Environmental Research and Risk Assessment, Vol. 34, pp.
575-592.

Liu, H., Wang, Z., Ji, G., and Yue, Y. (2020). “Quantifying the im-
pacts of climate change and human activities on runoff in the
Lancang river basin based on the Budyko hypothesis.” Water,
Vol. 12, No. 12, 3501.

Oh, M.J,, Lee, J.H., Kim, D.W., and Kim, T.W. (2023). “Quantitative
impacts of climate change and human activities on the water-
shed runoff variation of the Geum River basin.” Journal of
Korea Water Resources Association, Vol, 56, No. 6, pp. 381-
392. (in Korean)

Schaake, J.C. (1990). “From climate to flow.” Climate Change and
U.S. Water Resources, Vol. 5, No. 9, pp. 177-206.

Shah, S.A., Jehanzaib, M., Yoo, J., Hong, S., and Kim, T.W. (2022).
“Investigation of the effects of climate variability, anthropo-
genic activities, and climate change on streamflow using multi-
model ensembles.” Water, Vol. 14, No. 4, 512.

Shahid, M., Cong, Z., and Zhang, D. (2018). “Understanding the
impacts of climate change and human activities on streamflow:
A case study of the Soan River basin, Pakistan.” Theoretical

and Applied Climatology, Vol. 134, No. 1, pp. 205-219.

Sun, S., Chen, H., Ju, W., Song, J., Zhang, H., Sun, J., and Fang, Y.
(2013). “Effects of climate change on annual streamflow using
climate elasticity in Poyang Lake Basin, China.” Theoretical
and Applied Climatology, Vol. 112, pp. 169-183.

Walling, D.E., and Fang, D. (2003). “Recent trends in the suspended
sediment loads of the world's rivers.” Global and Planetary
Change, Vo. 39, No. 1-2, pp. 111-126.

Wang, D., and Hejazi, M. (2011). “Quantifying the relative contri-
bution of the climate and direct human impacts on mean annual
streamflow in the contiguous United States.” Water Resources
Research, Vol. 47, No. 10, 411.

Wang, S., Zhang, Z., McVicar, T.R., Guo, J., Tang, Y., and Yao, A.
(2013). “Isolating the impacts of climate change and land use
change on decadal streamflow variation: Assessing three
complementary approaches.” Journal of Hydrology, Vol. 507,
pp. 63-74.

Wu, J., Miao, C., Zhang, X., Yang, T., and Duan, Q. (2017). “Detec-
ting the quantitative hydrological response to changes in climate
and human activities.” Science of the Total Environment, Vol.
586, pp. 328-337.

Xing, W., Wang, W., Zou, S., and Deng, C. (2018). “Projection of
future runoff change using climate elasticity method derived
from Budyko framework in major basins across China.”
Global and Planetary Change, Vol. 162, pp. 120-135.

Yang, H., and Yang, D. (2011). “Derivation of climate elasticity of
runoff to assess the effects of climate change on annual runoft.”
Water Resources Research, Vol. 47, No. 7, W07526.

Yang, Y., and Tian, F. (2009). “Abrupt change of runoff and its major
driving factors in Haihe River Catchment, China.” Journal of
Hydrology, Vol. 374, No. 3-4, pp. 373-383.

Zhang, L., Dawes, W.R., and Walker, G.R. (2001). “Response of mean
annual evapotranspiration to vegetation changes at catchment
scale.” Water Resources Research, Vol. 37, No. 3, pp. 701-708.

Zhou, Y., Lai, C., Wang, Z., Chen, X., Zeng, Z., Chen, J., and Bai, X.
(2018). “Quantitative evaluation of the impact of climate change
and human activity on runoff change in the Dongjiang River
Basin, China.” Water, Vol. 10, No. 5, 571.

Zuo, D., Xu, Z., Wu, W., Zhao, J., and Zhao, F. (2014). “Identifi-
cation of streamflow response to climate change and human
activities in the Wei River Basin, China.” Water Resources
Management, Vol. 28, pp. 833-851.



