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Runoff evolution characteristics and attribution analysis of
Bailong River in Gansu Province
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2.College of Water Resources and Hydropower Engineering » Gansu Agricultural University , Lanzhou , Gansu

730070, China ; 3.Gansu Longnan Hydrology and Water Resources Survey Center s, Longnan, Gansu 742500, China)

Abstract; [ Objective] The variability and persistence of runoff in the Bailong River, Gansu Province were
comprehensively analyzed, and the contribution rates of climate change and human activities to annual runoff
variations were analyzed quantitatively, in oreder to provide a theoretical basis for water resources planning
and management in the Bailong River basin. [ Methods] Based on annual and monthly rainfall and runoff data
from Baiyun, Zhouqu, Wudu, and Bikou Stations in the Bailong River basin from 1961 to 2021, the Mann-
Kendall trend test, sliding T-test, R/S analysis, and double cumulative curve method were employed to
examine the evolution characteristics of runoff and identify the driving factors behind these changes.
[Results] @O The annual runoff at Bailong River stations exhibited a declining trend to varying degrees, with

runoff losses increasing from upstream to downstream. The linear tendency rates of runoff decline were Bikou
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station [—3.07X10* m’/(10 a)J > Wudu station (—1.49X10°* m*/(10 a)J > Zhouqu station (—4.20 X 10" m®/
(10 a)J >> Baiyun station {—3.40X10" m*/(10 a)J. @ The maximum monthly runoff in the upper reaches of
the Bailong River occurred in September, whereas in the middle and lower reaches, it peaked in July. Wudu
station exhibited the highest extreme ratio of annual maximum runoff. @ Abrupt change points in runoff
primarily occurred in 1969 and 1994, with negative change rates at all stations. This indicates that before the
abrupt change, runoff was higher than the annual average., whereas after the abrupt change, it was lower.
@ The Hurst index (H=0.53~0.77) suggests that runoff in the middle and lower reaches of the Bailong
River will continue to decline in the future. ® Climate change contributed 94.85% to the reduction in
watershed runoff, while human activities accounted for 5.15%. [ Conclusion] The runoff in the Bailong River
basin has shown a significant downward trend following abrupt changes, and this trend is expected to persist
in the future.

Keywords: Bailong River; runoff volume; tendency; attribution analysis; Gansu Province

TR AT S 7K B U5 Y A% O 21 BB 23 A0 32 R P

AW E B AL ST 2 kSl ok LY
N R N S B G K SR R T IR S A
ook e WA, S 2 XK BT IR A BRA Sk T ™ iR
PRk . AR A S BT AR AR AL RRAE L A B T IR 2 A
b 2 K G VR AR Ak LA, 28 T SRy O 8K TR 2E A
BT K B DA KRS A SR P R U R
S,

[ PN b2 3 56 T AR LT AR O T 9T R T ORI
T AR AR R AR XA L AR AR IR BE T A
SRR AR L T AR R A 4 AT . T
ST A W IE B T YR AP AR e R el A8 i i AT
PR A 6 BT 3 2R 5500 R BB A R A Ak Rk X
AR AR s P AR SR AR 2R vk e
T 8 7K RN I T Bl 6 S 0 0T 450 97 A8 A 1 BT R o

F o VT S B i Ak R AR R L R T R R R
IR B 1 25 1) LAY M Y S A A L LA — R SRR
Hb AN SRR AR . R YR A TS R K Kk A
W, 15 G R R R VAR R T R R D A G
IF 9 o A 45 A2 U T AR FUAR T S AR Ak RN 2 Bl
PR MK SO R BT K SRR M A g AR
Jim . EARA O e YT AT T A X R A T LA
LR Z W K[ B X g B TR
RO W/ B 5T R 16 S 9 X8R, LA S R i
2 3 AR Ak R 2R B 9T i 22, % T 5 DR 2R 43T A A
RIS . P, AR SOk ERE R VSR 2 L
ol AR A T3 4 K S0 19612021 4R 4R
T AE R HE R AN R I MK B3 5, W T k&
B, R /S S Mk FOSCE R £R L 6 (e YTAR PR RTAR Y
A4 37 7 A R AE UEAT 40 M7+ 32 O BB il 6 vk 0 AR A
PR AT AT 5 A T S 2R S IR B AR b L K W TR A Ak
AN Hb T 9 IR B A O B R S

1 BRHS5i%
1.1 HRERHEHR

A e T 57 B VL RS AR T HR A S
DU A 22 AR B K S, T3k 47 T 32°20'—34°10" N,
102°30"—105°40"E, Hilf & Bt & 475 ke ™ (LI D, i
AR 32 850 k' L JRIBAE HR A B Hm AR 832617,

BiE/m
4 873
%:566

1 ARIREBME KRERKLESH
Fig.1 Distribution of topography, water systems and hydrological

stations in Bailong River basin
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Table 1 Overview of hydrological stations in Bailong River basin
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Table 2 Distribution characteristics of monthly average runoff at four stations of Bailong River basin from 1961 to 2021
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Mz Kl 3 Vi 2 Mzl £l 3 Vi 2
1A 0.22 0.88 1.48 3.11 3.92 3.56 3.64 3.83
2 A 0.19 0.73 1.23 2.67 3.48 2.98 3.02 3.28
3 A 0.22 0.80 1.34 2.95 3.92 3.24 3.30 3.63
4 A 0.28 1.14 2.06 4.48 4.93 4.62 5.08 5.51
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11 A 0.40 1.64 2.87 5.65 7.11 6.66 7.08 6.95
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Table 3 Trend of runoff variation at hydrological stations in Bailong River basin from 1961 to 2021
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Fig.3 Seasonal runoff volumes of various hydrological stations in Bailong River basin during different decades from 1961 to 2020
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Table 4 Average value and change rate of annual runoff at each
hydrological station in Bailong River basin during each

abrupt change period from 1961 to 2021
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Table 5 Analysis results of runoff sustainability at each hydrological
station in Bailong River basin from 1961 to 2021
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Fig.6 Variation curve of accumulated rainfall and runoff in Bailong River basin
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Table 6 Attribution analysis results of rainfall and runoff double accumulation curve in Bailong River basin
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