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Change characteristics of runoff complexity in the upper reaches
of the Yellow River under multiple time scales
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(1. Research Center for Glacier Region and Desert, College of Earth and Environmental Sciences, Lanzhou University, Lanzhou

730000, China; 2. School of Civil Engineering and Architeciure, Guangxi University, Nanning 530004 , China)

Abstract; Studying the change characteristics of the runoff complexity in the upper reaches of the Yellow
River has great significance to the understanding of regional runoff evolution. Here, both flexible sample
entropy and multiscale entropy were used to measure the annual, flood and non-flood season runoff com-
plexity of 12 hydrological stations located in the main stream and tributaries of this region from 1956 to
2015, based on which the change characteristics of runoff complexity under different time scales was ana-
lyzed. The results showed that the annual runoff of the upper reaches of the Yellow River showed an in-
significant downward trend, and the runoff decreased during the flood season but increased during the
non-flood season. Except for the Minhe Station of Huangshui River, all the other stations in the tributa-
ries showed a significant downward trend in runoff including annual, flood season and non-flood season
runoff. Under different time scales, the runoff complexity of annual, flood and non-flood season from
Guide Station to Lanzhou Station in the main stream was greatly differentiated from that of Minhe Station
of Huangshui River in the upper reaches of the Yellow River. The changes in runoff complexity also re-
flected the impacts of human activities. On a single time scale, the impacts of human activities on annual
and non-flood season runoff were stronger than that on flood season runoff, whereas on multiple time
scales, it was the opposite. But, regarding to Minhe Station of Huangshui River, the impacts of human
activities varied significantly at different time scales and different periods. Using the flexible sample en-

tropy and multiscale entropy at the same time can help obtain detailed runoff complexity change character-

W #s B HA.2021-05-20; {1&[o] HHA.2021-06- 18

EEWH : HEARP ARSI H (51679115 .51109103 )

EE BN RBIIR (1993 - ), 55, M REME N, T AF T 2R, RS 5 1) 9 K S0 5K B
BWAEE W5 (1978 - ), 5, ) PUAbH A, W, B0, P58 05 [l /K SOKBER DK BEIR R e TR



2 P S QSRS S N o 14

2021 4

istics, and identify the intensity difference of the impacts of the human activities. The recharge ratio of

base flow to annual runoff and non-flood season runoff in the upper reaches of the Yellow River was higher

than that of the whole basin, and the change of base flow had a significat impact on annual runoff.

Key words: runoff complexity; multiple time scales; human activity; the upper reaches of the Yellow

River
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