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FZE . 41 2F Budyko BIZERBARFZH THRARE MG R KL EREFHREALES, HE
K OBEARE THRERALARKEANGITTEL 3 KIA(ELT BERAMTRE HE
RA=TT) FIR T M A2 A T Ak, 25 R R 1956—2020 75 3T F IR AR A VA 0. 17 12 m’/a %
REREZM(p=0.005), 5 /£ 1966 4 1984 42 2005 F A AKX AT 3 REE LA L AHK
TG T T RIRZARRG EFHE, TREHN 77. 4% , % AHCE T @ Fa R EALG Tk
EoHH 8.8%.7.9%.5. 9% ;1984—2020 F | T # &\ &K & s A Wil FTRBBA T RGO EFH F, 7T
KA A 58.3% , R A ERTA, TTakFE A 28. 8% ;1956—2020 4 & AR EM AR T
ISR ELFBRR AEADALED Y 0% ISR E, THREAL T8.5%~91. 7% 214,
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Attribution analysis of runoff attenuation in the Xiliao River Basin under significant human interference based on
water balance principle and Budyko hypothesis//WANG Xuanxuan', LIU Huan', HU Peng', JIA Yangwen', JI
Yefei’, DANG Lei’( 1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of
Water Resources and Hydropower Research, Beijing 100038, China; 2. Hydrological Bureau of Songliao Water Resources
Commission, Changchun 130021, China)

Abstract: To address the shortcomings of Budyko hypothesis in its application to river basins with significant human
interference, Budyko hypothesis was combined with water balance principle to quantify the contributions of changes in
precipitation, potential evapotranspiration, underlying surface, and human water consumption to the observed runoff
attenuation in the Xiliao River Basin and its three major tributary basins ( the Laoha River, Xilamulun River, and
Waulijimuren River). The results showed that the observed runoff in the Xiliao River Basin significantly decreased at
17 million m® per year (p=0.005) from 1956 to 2020, and underwent three abrupt changes around 1966, 1984, and
2005. Change in human water consumption was the dominant factor contributing to the observed runoff attenuation in the
Xiliao River Basin during this period, with a contribution rate of 77. 4%, and the contribution rates of changes in potential
evapotranspiration, underlying surface, and precipitation were 8. 8%, 7.9%, and 5. 9%, respectively. Underlying surface
change played a dominant role in runoff attenuation in the Xiliao River Basin from 1984 to 2020, with a contribution rate of
58.3% , followed by precipitation change, with a contribution rate of 28. 8%. The change characteristics of observed runoff
and the dominant factors in each tributary basin differed greatly, but human interference played a dominant role from 1956
to 2020, with the contribution rate ranging from 78.5% to 91.7%.

Key words: significant human interference; water balance; Budyko hypothesis; runoff attenuation; attribution analysis;
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Fig.1 Sketch map of the Xiliao River Basin
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Table 1 Changes in observed runoff and influencing factors during influencing period compared to baseline period
v wwn e g g g ey w
1956—2020 4F- 1956—1983 4 1984—2020 4 -1.12 1.58 -1.58 4.59 0.55 22.91 -0.82 -0.04 0.72
1956—1983 4 1956—1965 4F- 1966—1983 4= —13.60 3.84 -3.84 -42.65 -5.90 1.34  -0.05 0.19 -3.81
1984—2020 4 1984—2004 4% 2005—2020 4F -8.79 0.24 -0.24 -19.12 -2.53 22.90 -0.89 0.24 -5.13
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Table 2 Contribution rates of different influencing

factors to runoff attenuationn

i Bt Cy/% Cp/%  Cpry/% C,/%
1956—2020 4E 77.4 5.9 8.8 7.9
1956—1983 4 28.2 43.3 0.4 28.0
1984—2020 4 2.8 28.8 10. 1 58.3

A TERR RS> 2. 8% (28. 8% (10. 1% Fi1 58. 3%,
ATLAE 3 30 4F ) T 448 AT A X A58 s ik ke )
T FEAEN HUORRK . R, —Jr T T RE
T EUK R R A TR IR SRR T, O —
AT, P 5 DXRI e o) 2 e P ™ e A AR R A8 T i ™
TRERPET D 1984—2020 4E N 2K HAEK B &4k T
F KV SR T Z AR IIME (13,96 42 m*) AHXT 5748
AT(13. 7242 m® ) X 0. 24 42 m® | R RF 28 7
W TTRR 3R 2. 8%, 1% T RE T Y L UiE, BT
Budyko B FF 55 45 R W, 2005—2015 4F (1 FEK
B R AR EERE D

A 26 PR A B T B85 8 X6 V8 30 9] g A 9 AR
AR R A A SR A A T A I A 2 A i 4
wi s, BARMNKIIHE | AN HFEK B3 n7e
et Bk 3 AR (HAE 3R 28 A8 HiJS 4%
S IR R) JE) 399 PN A K 28 A Y BT R B K, A3 il 3k )
1956—1983 4E fif] 43.4% HI 1984—2020 4E 1y
28.8%, FRHIR I, N HFEKE — KK W
TR MR AR BRAS RAR I, B £6 J I AR B i
TERIAI 25 B 30 Ak M 20 22 80 4F A iH
DI, DIZK AR FERN R HF 4 Ry S AR Y T 48
TS A RS 1 AR I
3.3 ATA=AZRREBELNERTHEFAESH

AR AR A g2 5 =0T v
PEAASIT F 735 ARA R SR AR b 5 3
SHRRWA BEARRE, BRI 3 Mk 4, ML
1956—1983 4F | 1984—2020 45 & W 0] 117G $i7 A AE ]
T A 2 S AR A 0 > 40 22 {2 m®

2.344¢ m® | Ty 3 AR T i 5 S 0 A28 O 20 A T
SO, AR T 0.97 42 m® . MR
P ) DIRR A , T 4 T 028 X AT R 1 g 3 R
WIS AR AR R B T £ FAEH, Tk 251
H 49. 0% F1 65. 1% , {HX 2 WG 0] 35t 3ok A% 3t Ak 1)k 2>
PR, TR 5 7 55 ARA 307 g $ul 42 3 A B 388 T T 5 A
JS FHAE AR AR AR PHHLAAS I eI AR I S ek 11 ik
R K,k F 50. 1%, 1980—2018 4F, P4 iL 3] |
A A A A 7 TR AR 4300 A 7 719. 09 km®
6014, 9km® ™) (HF5 7 UL A 25 & B FNoe 2 26 1
RESp3 > g SECE M I RS s, AR
T, 20 tHE22 80 AEAR A LS | 5 035 AR 3]
DL i L DX AR AR B 1 2 IR 5 Ak T AR
B, O e ) W AL, S BUR R RO
| R 5 I A N T Al A L I
(17442 m*) . Bk, LA SRR KRN R 243 1 24
AR EEERAE 2R B AE 1956—2020 4F- 45 323
TR AR U AR A xR e X 3 SR, STk R AR
78.5%~91. 7% Z 8], iX 5 4> i 35 I 1) 53 Bt 445 SR A
—%,

MRS RIESE FA, 3 AR x4 i) s A
TEER 1 Tk 28 AR PUAE 1956—1983 4F | Bk i
ik 82.2% , bt J5 7F 1984—2020 4F K iE T 43 1. 8%,
FHEEZ T, F AT PRSI A J ) 5 AR
iR U AR A 1 TR 3 0 4 ) DA 1956—1983 4 (1)
21. 6% F 12. 6% 38 i1 5] 1984—2020 4 i 50. 9% Fil
65.5% . ITAER  LIK HARFE R 0T Hmm A8 fb ) 7l
PEAACTFIRAR T TR E K, P RLAAS T 31
ARIETIT 2000 43 Bh VP Feii BLUK 28.9 1 hm?,2015 4
08N 18,1 77 hm® " 1984—2020 47, AZKiG3h
ST A5 S T U AR Ak, BT ER R AE 76, 1% ~
78. 7% 22 1], HAS R A A, 8 M Tl 3 8T 4F FH
IR AR IME H 2. 68 12 m® At T PiHi AR
AL 55 AT i S8 A 24 R K B n A 2

x3I BFXRBREIVEREZWEREZLMBBREEHNTN

Table 3 Changes in observed runoff and influencing factors in each tributary basin during influencing period

compared to baseline period

. - AR,/ AW/3 ARy/ AP/3 AR,/ AET,/ AR/ An AR,/

12 m® fZ m ¢, m® & m 12 m® 2. m® 2 m? 2 m?

1956—2020 4F -4.22 1.48 -1.48 -0.74 0.77 5.04 -0.28 0.50 -3.23

AL 1956—1983 4E -4.99 0.16 -0.16 -8.36 -0.70 -0.53 0.04 0.47 -4.17
1984—2020 4F -3.54 2.68 -2.68 -4.76  -0.73 3.97 -0.20  -0.02 0.07

1956—2020 4F -2.34 1.17 -1.17 1.45 0.34 7.18 -0.46 0.09 -1.05

PRI 1956—1983 4F -3.02 1.13 -1.13 -4.84 -1.21 0.42 -0.03 0.05 -0.65
1984—2020 4F: -5.71 1.44 -1.44 -5.08  -1.06 5.41 -0.31 0.28 -2.90

1956—2020 4£ 0.97 0.55 -0.55 4.01 -0.09 3.61 -0.13 0.49 1.74

BRI 1956—1983 4F -1.51 0.38 -0.38 -2.59  -0.91 1.05 -0.03 0.06 -0.19
1984—2020 4F -3.40 0.45 -0.45 -4.47  -0.61 3.02 -0.11 0.54 -2.23
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Table 4 Contribution rates of different influencing factors

to observed runoff change in each tributary basin

S Ak i B Cy/%

Cp/% Cpr/%  C/%

1956—2020 = 35.1 11.7 4.2 49.0

A 1956—1983 4 3.2 13.8 0.8 82.2
1984—2020 4= 76.0 17.5 4.7 1.8

X 1956—2020 4 50.1 9.1 12.4 28.4
ﬂ;’?g{ 1956—1983 4 37.4  40.1 0.9 21.6
e 1984—2020 4 25.2 18.5 5.4 50.9

b 3y 1956—2020 4 26.6 3.5 4.8 65. 1
Bt 1956—1983 4 25.1 60. 0 2.3 12.6
1984—2020 4 13.2 18.1 3.2 65.5
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