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Attribution Identification of Runoff Change Before and After Impoundment in the
Three Gorges Reservoir Area Based on Budyko Hypothesis
CHEN Meng’en, WEI Xing, ZHOU Yulin, SHI Ruibo, LI Yineng

(School of Civil Engineering s Chongqging Three Gorges University , Chongqging 404100, China)
Abstract: [Objective] Runoff changes under the combined influence of climate change and human activities.
Exploring the temporal and spatial evolution of runoff and its causes has important guiding significance for
the scientific operation of reservoirs and the sustainable use of water resources. [ Methods ] Based on the
meteorological and hydrological data of the Wanzhou section of the Three Gorges Reservoir Area from 1960
to 2019, Mann-Kendall trend test, Pettitt mutation analysis and wavelet analysis were used to analyze the
spatial and temporal evolution characteristics of runoff before and after the impoundment in the Three Gorges
Reservoir Area. Finally, two Budyko hydrothermal coupling equilibrium equations were used to
quantitatively calculate the influence rate of climate change and human activities on runoff change. [ Results ]
(1) The annual runoff in the study area showed a significant downward trend (| z | >2.58), with the
inflection point appearing in 2003 (the impoundment year of the Three Gorges Reservoir Area), after which
the annual distribution was more uniform. (2) Compared to the period before impoundment, the contribution
rates of climate change and human activities to the reduction of annual runoff in the study area after
impoundment were 27.9% to 29.2% and 70.8% to 72.1% ., respectively. (3) Human activities primarily
influence the annual runoff of the basin by altering the type of land use and the construction of water conservation

projects. [ Conelusion ] This study quantitatively describes the impact of human activities on runoff changes, and
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provides the oretical support for the next stage of water resources management in the Three Gorges Reservoir Area.

Keywords: Wanzhou section of the Three Gorges Reservoir; climate change; human activities; space-time

evolution; attribution analysis
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Fig. 1  Location of hydrological station and meteorological station in the study area
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Fig. 6 Spatial distribution of land use in different periods in the study area
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Table 3 The area and proportion of each land use type in the study area

P HE N T, KI5 Y H
A/ km?® B4/ % WA/ km® /Y% mA/km® W/ Y% WAUkm® MW/ Y% WAUkm® HEW/ %
1980 1822.51 — 899.11 668.03 — 55.00 — 13.00 —
1990 1 822.51 0 899.12 0.01 668.01 —0.01 54.99 —0.01 13.00 0
2000 1994.17 4.92 888.61  —0.33 481.89 —5.38 69.78 0.43 25.62 0.36
2010 1 991.01 —0.07 1125.75 6.87 222.92 —7.84 77.77 0.23 41.39 0.46
2020 1902.21 —2.51  1118.06 —0.19 222.71 —0.01 93.30 0.45 118.79 2.22
F4 WEREX 2000—2020 F£ T F BERERE
Table 4 Land use transfer matrix of study area from 2000 to 2020 km*
ERTRIEs W0 ‘ -
it M i KK A Bt
HEH 1 815.75 39.15 40.23 4.92 1.38 1901.43
M 51.48 806.02 257.92 1.54 0.16 1117.12
L, 20.45 34.77 166.59 0.55 0.25 222.61
2020 4 K35 16.84 3.87 8.86 62.39 1.25 93.21
iR 85.44 2.40 7.42 0.97 22.57 118.80
it 1 989.96 886.21 481.02 70.37 25.61 3 453.17
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