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Abstract: The attribution of the evolution of water and sediment in a river basin is an important theoretical issue in
hydrogeology. To understand the change patterns of water and sediment in the Kuye River Basin and provide

scientific basis for water resources management and ecological protection under the impacts of climate change and
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human activities, based on hydrological and meteorological observation data, NDVI (normalized difference
vegetation index), and land use change data, this study quantitatively analyzed the trends of water and sediment
changes in the basin and their attributed influences using the Mann-Kendall non-parametric test, double mass
curve method, cumulative anomaly analysis, sliding rank-sum test, and cumulative quantity slope change rate
analysis. The results indicate that from 1956 to 2019, the annual runoff and sediment yield in the Kuye River
Basin showed a significant decreasing trend, with an average annual decrease of approximately 10.4 million m’
and 2.7 million tons. The abrupt change year was 1997, verified by the 95% significance level test. From 1998 to
2011, the contribution rates of climate change and human activities to the decrease in annual runoff were 36.06%
and 63.94%, respectively. The contribution rates to the decrease in sediment transport were 26.11% and 73.89%,
respectively. The decrease in runoff is mainly related to vegetation and land use/cover changes caused by the
Grain for Green Program. Using 1998—2011 as the base period, the cumulative slope change rate of runoff
reached 109% during 2012—2019. It indicates a significant rebound in runoff, possibly related to the overflow of
mine sealing water. The cumulative slope of sediment yield approached 0, indicating no significant change in
sediment yield and effective control of soil erosion in the study area. The analysis method of slope change rate of
cumulative quantity has good applicability and provides scientific basis for hydrological prediction and

management in the Kuye River basin. In the future. It is necessary to pay more attention to the combined effects of

ecological restoration and coal mining activities on water resources change.
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Fig. 8 Cumulative curves of annual runoff, sediment transport, rainfall, average temperature,
and NDVI in the Kuye River Basin
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Table 3 Accumulated annual runoff, sediment load, precipitation, air temperature, and NDVI slope change rate in each variation period

of the Kuye River Basin

1 " A R BUET AR BUT BN FRUEPH R FBUFERKNDVI
Fifd Bt
AS  ASIS S AS  ASS N AS  ASIS s AS  ASIS s AS  AS/S
A1(1969—19974F)  5.79 0.91 381.90 7.13 0.21
Al—B - -4.13  -0.71 -0.86 —0.95 -20.26  —0.05 134 0.19 0.05 024
B(1998—20114F)  1.66 0.05 361.64 8.47 0.26
A2—B  A2(1980—19974F) 514 -348 -0.68 077 -0.72 —0.94 39476 -33.12 —-0.08 730 L17 016 021 005 026
B—C C(2012—2019%F) 347 181 1.09 0.0 47927 117.63 033 856  0.09 001 031 005 0.19
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Fil 92.56%, Yot 4 i vh - 0 2> () BT R 55351y 5.60% Fl
94.40%; 1F £ 5 75 J& MK ANl N 2 B9 1 D0 T, A
ARAK . N ZEE B0 i B T A A A A 1 BT R R
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Table 4 Contribution rates of climate change and human activities to changes in runoff and sediment load in the Kuye River Basin

AR AR
HEYIES 125 KK 1% LA SRR KRN3R/ % 1075 KK 1% LRA SRR K AR %
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Sk 7.44 12.39 29.83 33.79 36.06 28.86 5.60 8.97 25.42 26.11

AEREAK 7.44 12.39 29.83 7.44 12.39 29.83 5.60 8.97 5.60 8.97
ARSI — — — 26.35 23.67 -0.97 — — 19.82 17.14

N3G 5) 92.56 87.61 70.17 66.21 63.94 71.14 94.40 91.03 74.58 73.89
AERNDVI 33.38 38.97 -17.78 33.38 38.97 -17.78 25.11 25.46 25.11 25.46
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