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Fig. 2 Annual flow duration curves before and after alterations
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Fig. 3 Changes in the annual and season eco-flow metrics and the annual precipitation anomaly
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Fig. 4 Boxplot of decadal changes in the seasonal ecosurplus and ecodeficit
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Fig. 5 Temporal variations of the total seasonal ecological surplus and the total seasonal ecological deficit
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Fig. 6 Temporal variations of the Shannon Index
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Fig. 7 Correlations between the ecological instream flow indicators and IHA32-based indicators
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Abstract: Streamflow changes of the Yellow River Basin are heavily influenced by climate
changes and human activities such as construction of water reservoirs, hence significant
hydrological alterations and even dry-up events happened. In this case, deep understanding of
eco- flow changes as a result of hydrological alterations is of great scientific and practical
merits in scientific water management and sustainable exploitation of water resources of the
Yellow River Basin. Therefore, this study attempts to quantify eco-flow and ecohydrological
processes, and describes changes of streamflow downstream to hydraulic facilities in the
Yellow River Basin using integrated ecological evaluation index, D, and DHRAM. Besides, S/
and ITHA 33 are used to analyze ecological effects of hydrological alterations. The results
indicated that: 1) FDC is subject to general decrease due to hydrological alterations, and most
streamflow components are lower than 25% FDC. Ecodeficit is evident in this case. 2) Impacts
of precipitation on ecoflow indices are generally decreasing from upper to the lower Yellow
River Basin while water reservoirs have enhancing influences on ecoflow indices. 3)
ecohydrological indices are all in good relations with IHA, showing that ecohydrological
variations are closely related to hydrological alterations in the Yellow River Basin. 4) Based on
evaluation results with D, and DHRAM, ecological environmental risks caused by hydrological
alterations are higher at Huayuankou, Sunkou and Lijin stations, moderate at Toudaoguai and
Lanzhou stations and lower at Tangnaihai and Longmen stations. Ecological diversity is in
significant decrease from upper to the lower Yellow River Basin. The results of this study shed
new light on sustainable exploitation of water resources and ecological health of the Yellow
River Basin. Human activities should be adapted to eco-flow changes.
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