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Table 1 Long-term annual temperature and precipitation in the Shiyang River basin
C
1956 ~ 1970 1971 ~ 1980 1981 ~ 1990 1991 ~ 2003 1956 ~ 1970 1971 ~ 1980 1981 ~ 1990 1991 ~ 2003
0.13 0.55 0.61 1.29 533.39 504.02 558.33 509.27
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Table 3 f values for eight tributaries of the Shiyang River
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Table 4 B values for mainstream of the Shiyang River
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Long-Term Trends of Major Climatic Variables and Runoff
in the Shiyang River Basin

XU Zong-xue' LI Zhan-ling'  SHI Xiao-kun®
1. Key Laboratory of Water and Sediment Sciences ~Ministry of Education ~ College of Water Sciences — Betjing Normal University — Beijing 100875  China
2. Gansu Institute of Water Resources Surveying — Designing and Research  Lanzhou 730000  China

Abstract Long-term trends of major climatic variables and hydrological time series including air
temperature  precipitation and runoff in the Shiyang River basin from 1956 to 2003 were detected using
nonparametric Mann-Kendall technique. For the purpose of estimating the long-range dependence of time
series R/S method the most powerful way to estimate the future tendency of climate and runoff change
was used in this study. The robust of the estimation result on Hurst exponent was tested by comparing the
H values obtained from the original time series and the stochastically reset ones. The results showed that
the temperature in most of months and annual temperature in the study area experienced a significant
increasing tendency during the past 48 years especially in winter. Annual average temperature in the
1990s was 0.9°C higher than that in the 1960s. H values obtained from the original temperature time
series were close to those from the stochastically reset ones and most of them were more than 0.8 which
implied that there were strong long-range dependence characteristics in temperature in the study area and
the future tendency of temperature generally exhibits consistency with that in the past 48 years. The
precipitation at only two stations Wuwei and Yongchang stations increased at 5% level of significance
and no obvious trend was found in other stations. While the stations and months with increasing tendency
of precipitation were much more than those with decreasing tendency of precipitation. H values were above
0.6 indicating long-range dependence characteristics exist in precipitation time series. Results also
showed that the persistence in precipitation was weaker than that in temperature by comparing H values
resulted from two time series. Decreasing trend was detected in annual runoff in Gulang River and Zamu
River without obvious decreasing trend in other tributaries. The runoff at any time scale months or year
exhibited significant decreasing tendency along the mainstream of the Shiyang River. 37% of annual
runoff along the mainstream was reduced from the 1960s to the 1970s nearly 70% until the 1990s. The
results on Hurst exponent implied that strong long-range dependence characteristics in runoff time series in
the study area were existed and the future tendency of runoff change was consistent with that in the past
48 years. The change in temperature may owe to the impacts of global warming. The spatial and temporal
complexity of precipitation may associate with different weather systems and diverse local geographical
conditions. Both human activities and climate change dominated the decreasing of runoff in both tributaries
and mainstream of the Shiyang River.

Key words Shiyang River Hurst exponent Nonparametric test Runoff



