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Runoff evolution characteristics and its attribution analysis of Huangshui River
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(1.School of Energy and Power Engineering, Gansu Minzu Normal University, Hezuo, Gansu
747000, China; 2.School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou, Gansu 730000, China)

Abstract: [ Objective] The non-stationary hydrological series and rainfall-runoff relationship in the main stream
area of the Huangshui River under the background of human activities and climate change were investigated, and
the contributions of climate change and human activities to runoff variation were quantitatively assessed, in order
to provide a scientific basis for ecological protection, high-quality development, and optimal allocation of water
resources in the river basin. [ Methods] Based on daily hydro-meteorological data from 1970 to 2022, the trend,
abrupt change, and periodic characteristics of hydro-meteorological elements were systematically analyzed using
methods such as the Mann-Kendall trend test, Pettitt change-point test, and wavelet analysis. On this basis, the
Simple HYDROLOG (SIMHYD) model was used to simulate daily runoff process in the river basin, and a runoff
evolution attribution quantification scheme was constructed to evaluate the contributions of climate change and
human activities to runoff variation in different periods. [ Results] The annual runoff series of the Huangshui River
showed distinct phased fluctuations, and the overall trend was not significant (p>>0.05). The annual runoff
at Xining station decreased by 11.95%, 12.41%, and 12.09% in three periods (1991—2000, 2001—2010, and
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2011—2022) compared with the baseline period (1970—1990) , among which the contribution rates of human
activities were 32.0%, 198.4%, and 328.6%, respectively. The annual runoff at Minhe station changed by
—16.99%, —9.48%, and +18.77% in the same periods, and the contribution rates of human activities were
67.13%, —136.37%, and 177.96%, respectively. [Conclusion] The average contribution rate of human

activities to runoff variation of the Huangshui River exceeds 65% , and notably surpasses 100% after 2000,

indicating that human activities have become the primary driving factor of runoff variation. Climate change has a

positive effect on runoff recovery in some periods, but its overall influence is secondary to that of human activities.

Keywords: human activities; climate change; runoff evolution; hydrological model; attribution analysis;
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evolution based on hydrological model
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Fig.2 M-K trend test curves of hydro-meteorological elements in main stream area of Huangshui River basin
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Fig.3 Pettitt change-point test curves of hydro-meteorological factors in main stream area of Huangshui River
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Table 1 Calibration results of SIMHYD model parameters
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Fig.6 Comparison between observed and simulated daily runoff in main stream area of Huangshui River
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Table 2 Evaluation results of hydrological model in main
stream area of Huangshui River basin

FEM 55 3F #H
K e (1971—19804F) (1981—19904F)
KGE R/ % KGE R,/ %
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Table 3 Statistics of annual average runoff in different periods in main stream area of Huangshui River basin

o [ B Ak

T ZAEFY/10° m? A Ak /10° m? L/ % ZAEFHE /100 m® AR /10° m? L/ %
FUE 8.50 16.12
S 1 7.49 —1.02 —11.95 13.38 —2.74 —16.99
AR 7.45 —1.06 —12.41 14.59 —1.53 —9.48
PA RN 7.47 —1.03 —12.09 19.15 3.03 18.77
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Table 4 Attribution of runoff changes based on
hydrological simulation in main stream
area of Huangshui River basin

SR N3
e R ig”f/ b/ % %g”f/ o1/ %
Fmi 1 —0.69 67.97 —0.33 32.03
P 2 1.04 —98.43 —2.09 198.43
AR 2.35 —228.61 —3.38 328.61
ARl —0.90 32.87 —1.84 67.13

Refnuh w2 —3.61 236.37 2.08  —136.37
M3 —2.36 —77.96 5.39 177.96
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Table 5 Annual average precipitation and temperature in different periods in main stream area of Huangshui River basin

745 I il LER A3
RICH ZAEPY ERR/ T BRE/ ZETH BRE/ ZETH SR/
R 7K /mm mm B 7K 4t /mm mm S|/ C C i/ C C
S 368.56 336.63 6.07 7.79
R 1 391.36 22.80 366.93 30.30 6.05 —0.02 8.17 0.38
i 2 435.51 66.95 328.41 —8.22 6.03 —0.04 8.88 1.08
R 3 469.98 101.42 348.99 12.36 6.49 0.41 9.31 1.52
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Fig.7 Interannual variability of annual precipitation and annual average temperature in main stream area of Huangshui River
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