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Abstract: 

Huai River Basin, as the sixth largest river basin in China, has a high regulated river 

system and has been facing severe water problems. In this paper, the changing 

patterns of runoff and precipitation at 10 hydrological stations from 1956 to 2000 

along the highly regulated river (Shaying River) and less regulated river (Huai River) 

in the basin are evaluated at the monthly, seasonal and annual scales using the 

Mann-Kendall test and simple linear regression model. The results showed that: (1) 

No statistically significant trends of precipitation in the upper and middle of Huai 

River Basin are detected at the annual scale, but the trend of annual runoff at 

Baiguishan, Zhoukou and Fuyang stations in Shaying River decreased significantly 

while the others were not. Moreover, the decreasing trends of runoff in most months 

were significant in Shaying River although the trend of monthly precipitation 

decreased significantly only in April in the whole research area and the number of 

months in the dry season having significantly decreasing trends in runoff was more 

than that in the wet season. (2) The rainfall-runoff relationship was significant in both 

highly regulated river and less regulated river. In regulated river, the reservoirs have 
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larger regulation capacity than the floodgates and thus have the smaller correlation 

coefficient and t-value. In Huai River, the correlation coefficients decreased from 

upper stream to downstream. (3) The regulation of dams and floodgates for flood 

control and water supply was the principal reason for the decreasing runoff in Huai 

River Basin although the decreasing precipitation in April in this basin was 

statistically significant. The findings are useful for recognizing hydrology variation 

and will provide scientific foundation to integrated water resources management in 

Huai River Basin. 

 

KEY WORDS: Mann-Kendall test; Linear regression; runoff; precipitation; Dams 

and floodgates; Huai River Basin 

 

INTRODUCTION 

Huai River Basin, as one of the top seven river basins in China, located between 

Yellow River Basin and Yangtze River Basin. It is the most densely inhabited river 

basin and the main cropping area of China. Currently, Huai River basin is 

experiencing serious water problems such as flood disasters and water shortages, high 

regulation, serious pollution, aquatic ecology degradation (Zhang et al., 2010). The 

new Chinese government has invested more than 600 million RMB to basin 

management since 1949. But the achievement is not obvious because of the excessive 

dams and floodgates, and high-intensified human activity. According to the Chinese 

Environment Bulletin in 2005, Huai River Basin, of which more than 83% rivers 

cannot reach to the national standard, has worst water quality in the nation’s top seven 

basins. Dams and floodgates also cause runoff variation, resulting in even more dry 

rivers and contributing further to the deterioration of water environment (Zhang et al., 

2009 and 2010).  

Most researches in Huai River Basin were focused on the severe flood disasters 

(Svensson et al., 1998 and 2006; Lin et al., 2006), the water environmental and 

ecological problems (Yang et al., 2005; Zhang et al., 2009 and 2010; Hu et al., 2008) 

in the last decade. However, the investigations based on long term observations were 
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rare. Trend analysis is a simple but useful method to identify the change in a long term 

hydrological series (Mann, 1945). The Mann-Kendall test and Spearman’s Rho test 

were widely used in hydrology, meteorology and environment, especially in the 

complicated large river basins where mathematics modeling was very difficult to 

provide satisfactory results. Using the nonparametric Mann-Kendall test, Smith et al. 

(1987) investigated the trends of 24 water quality indices at more than 300 locations 

in major US Rivers for the period from 1974 to 1981, and provided new insight into 

changes in stream quality. Burn et al. (2002) investigated the trends of 18 hydrologic 

variables in 248 Canadian catchments and discussed the relationship between 

hydrologic and meteorological responses to climatic change. In China, Gao et al. 

(2007) analyzed the trend and its variation of the estimated annual actual 

evapotranspiration for 686 stations over China during 1960–2002. Liu et al. (2004) 

detected trends associated with hydrological cycle components in Yellow River Basin 

and discussed impacts of human activities and climatic change on the hydrological 

cycle components and annual runoff coefficient change. Zheng et al. (2006) 

investigated changes in stream flow regime of four headwater catchments since the 

1950s. Yang et al. (2009 and 2010) identified the temporal and spatial patterns of 

low-flow, streamflow and sediment changes in the Yellow River from the 1950s and 

assessed the impact of human activities on the patterns. Zhang et al. (2010) studied 

spatial and temporal variations of the streamflow series over the past 50 years based 

on daily hydrologic data from six gauging stations in the Yellow River basin. Xiong 

and Guo (2004), Jiang et al. (2008) and Zhang et al. (2008) detected the changes of 

the annual maximum flood, minimum and mean discharges, mean and maximum 

precipitation in Yangtze River, respectively. Using the Spearman’s Rho test, Vassilis et 

al. (2001) detected the temporal trend of the discharge and six water quality variables 

(ECw, DO, SO4
2-

, Na
+
,K

+
, and NO

3-
) for the period from 1980 to 1997 in the Strymon 

River in Greece. Li et al. (2008) tested shift trend and step changes for runoff, mean 

annual temperature, precipitation, and runoff coefficient time series in Shiyang River 

basin of northwest China. Furthermore, McLeod et al (1991) developed a flexible and 

comprehensive trend analysis methodology based on nonparametric techniques 
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including the Mann-Kendall, Spearman’s rho and Spearman’s partial rank correlation 

and tested water quality time series observed in the Saugeen and Grand Rivers of 

Southwestern Ontario, Canada. 

In this paper, we conduct trend analysis to test change of precipitation and runoff 

in upper and middle of Huai River Basin. Firstly, the Mann-Kendall test will be 

employed to detect the changes of flow regimes and the areal precipitation at 10 

hydrological stations along Shaying River and Huai main river based on nearly 50 

years monthly runoff data and precipitation data; Secondly, the rainfall-runoff 

relationship is investigated by the simple linear model based on log-transformed 

precipitation and runoff data and t-test to compare runoff trends with precipitation 

trends; Thirdly, we will discuss the possible causes of runoff variation, including 

variation of precipitation, the regulation of dams and floodgates and other influencing 

factors. This research will be useful to recognize hydrological variation and can 

provide scientific foundation to further researches in Huai River Basin, such as 

hydrological modeling, quantitative assessment of the impact of water projects 

regulation on flow regime, water resources integrated management. 

 

RESEARCH AREA AND DATA 

Study area  

Huai River basin (30°55' ~36°36'N, 111°55' ~121°25'E) locates in eastern China. 

Its climate belongs to the south-north climate transition straps, with warm temperate 

zone in the north of the basin and north tropical region in the east. Its annual mean 

temperature is 11-16
o
C, annual mean water evaporation is 900-1500mm and annual 

daily sunshine time is 1990-2650 hours. Its annual mean precipitation is 

approximately 888 mm, of which 50–75% fall during the wet season 

(June-September). Such strong seasonality of precipitation, together with weak flood 

discharge and regulation capacity in the basin, cause frequent flood disasters in the 

wet season and droughts in the dry season.   

The total drainage area of the basin is 270,000 km
2
 and is divided into Huai River 

Catchment (190,000 km
2
) and Yishusi River Catchment (80,000 km

2
) by disposed 
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Yellow River. Huai River Catchment is the main part of Huai River Basin. And Huai 

River is defined by the dividing line between northern and southern of China which 

concentrates into Hongze Lake at the downstream area of Huai River Basin. At 

present, Huai River and the most tributaries are interrupted by dams or floodgates. 

There are 36 large reservoirs, which control one-third of the entire drainage area. The 

number of large and middle size dams is approximately 600. That is, there is one dam 

in every 50 km
2
 and on average each tributary has nearly 10 floodgates or dams. The 

special climate and the regulation of dams and floodgates have serious impact on flow 

regimes. As a result, detecting and comparing the trends of runoff and precipitation in 

different area (upper stream, downstream, main stream and tributary) of Huai River 

Basin can be important to realize evolution of water resources in the Basin.  

-------------------------------------------------------- 

Figure 1 is about here 

-------------------------------------------------------- 

 

Data and station information 

  Five hydrological stations in Huai River and five hydrological stations in 

Shaying River are used in this study (see Fig.1). In Shaying River and Huai River, 

nine main dams and floodgates (including two reservoirs and seven floodgates) are 

selected and summarized in Table 1. Obviously, Shaying River is regulated seriously 

by dams and floodgates in comparison with Huai River. The selected hydrological 

stations are divided into three groups according to their positions and their regulation 

capacity (reservoir capacity / annual runoff ratio). The first group is highly regulated 

station including Baiguishan station which is located at the downstream of Baiguishan 

Reservoir. The second group is moderately regulated stations including Luohe, 

Zhoukou Fuyang, Wujiadu station which is located at the downstream of Luohe 

floodgate, Zhoukou floodgate, Fuyang floodgate and Bengbu floodgate, respectively. 

The third one is unregulated stations including Zhaopingtai, Changtaiguan, Xixian, 

Wangjiaba and Lutaizi stations. Zhaopingtai station is located at the headstream of 

Shaying River and upper stream of Zhaopingtai Reservoir and runoff process is less 
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impacted by regulation of the reservoir. The other stations in group are located in Huai 

River. 

-------------------------------------------------------- 

Table 1 is about here 

-------------------------------------------------------- 

 

All the stations were recorded from 1956 to 2000 (see Tab.2). For the corresponding 

catchment of each individual hydrological station, the areal precipitations were 

calculated by weighted average method based on 171 rainfall stations from 1956 to 

2000. 

-------------------------------------------------------- 

Table 2 is about here 

-------------------------------------------------------- 

 

METHODOLOGY 

A simple and commonly used nonparametric method, the Mann-Kendall test (Mann, 

1945; Kendall, 1975; Hirsch et al., 1984; Burn, 1994; Burn et al., 2002; Zhang et al., 

2001; Yue et al., 2002a and b; Kahya and Kalayci, 2004.), is employed to test the 

trend of runoff and areal precipitation in this study at monthly, seasonal (the dry 

season from October to May and wet season from June to September) and annual 

scales. Furthermore, the rainfall-runoff relationship will be test by a simple linear 

regression model on log-transformed data and t-test (Xiong and Guo, 2004) in order 

to analyze the influence of floodgates operation on the relationship between rainfall 

and runoff.  

 

Trend test 

In the Mann-Kendall test (Mann, 1945; Kendall), the null hypothesis H0 is that the 

data (X1, …, Xn) are a sample of n independent and identically distributed random 

variables. The alternative hypothesis H1 of a two-sided test is that the distribution of 
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Xk and Xj are not identical for all njk ,  with jk  . The test statistic S is computed 

by: 
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Where it  is the number of ties of extent i. The standardized statistics (Z) is 
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The standardized MK statistic Z follows the standard normal distribution with mean 

of zero and variance of one. The probability value p of the MK statistic S of sample 

data can be estimated using the normal cumulative distribution function as 
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If the p-value is small enough, the trend is quite unlikely to be caused by random 

sampling. A positive and negative Z values indicate an upward and downward trend, 

respectively (Yue et al 2004).At the significance level of 0.05, if 05.0p , then the 
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existing trend is considered to be statistically significant. Also if 21  ZZ at 

significance level of  . In this study,   is set to be 0.05 and 0.10 with 

corresponding 21 Z  1.96 and 1.65, respectively. Furthermore, the variation 

amplitude will be gain by linear regression model. 

 

Correlation Analysis 

    The relationship between runoff and precipitation was usually considered as the 

exponential relation (Xia, 1991; Keith, 2001). Thus, the annual data of precipitation 

and runoff were preprocessed by taking the Napierian Logarithm. If the annual runoff 

or precipitation were zero, the data in this year was deleted. The correlation of runoff 

to precipitation is examined by the correlation coefficient r. The test statistic  

rs

r
t                                 (7) 

is used to examine whether the precipitation and runoff are correlated, where rs  is 

the standard error of the correlation coefficient  

2

1 2






n

r
sr ,                              (8) 

(Olkin and Pratt, 1958). Under the null hypothesis that the precipitation is not 

correlated to runoff, the test statistic t has a t-distribution with n–2 degrees of freedom, 

where n is the length of the sample. Given the significance level α for the two-tailed 

test, the null hypothesis is rejected if )2(,2  ntt  . In this study, the sample size is 45 

and   is set to be 0.01 and therefore 43,2t  is 2.016. 

 

RESULTS AND DISCUSSIONS 

The trend of runoff and precipitation 

The runoff trends of 10 hydrological stations at monthly, seasonal and annual 

scales from upstream to downstream in Shaying River and Huai River are given in 

Tables 3. The following findings can be observed from the results. 
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-------------------------------------------------------- 

Table 3 is about here 

-------------------------------------------------------- 

 

Highly regulated hydrological stations: Baiguishan station is located at the 

downstream of Baiguishan Reservoir with the regulation of the reservoir is nearly 

1.75 times of the annul runoff in Baiguishan Catchment. The runoff process was 

regulated seriously by the reservoir. Runoff in most months (except June) decreased 

significantly although precipitation trends were different. The precipitations in April 

decreased significantly (MK=–2.30) but increased in May (MK= 1.79). In both the 

dry and wet season, runoff decreased significantly although the precipitation trend 

was not statistically significant. Moreover, the decreasing trends in the dry season (8 

months) were more significant than them in the wet season (3 months). The main 

possible reason is that the reservoir regulated runoff seriously for water storage to 

irrigation in the dry season and flood control safety in the wet season, and the water 

supply function of this reservoir is more prominent than the flood control function. 

Viewing the inter-annual variability, only the trends of runoff decreased significantly. 

Therefore, the regulation of reservoir was very obvious to decrease of runoff at this 

station. 

-------------------------------------------------------- 

Figure 2 is about here 

-------------------------------------------------------- 

 

Moderately regulated hydrological stations: The flow regime at the downstream of 

floodgates was moderately regulated than the flow regime near the reservoirs based 

on water storage and regulation capacity (see Table 1). The most regulated station was 

Fuyang station while the least regulated station was Luohe station at the downstream 

of Mawan floodgate with regulation capacity of only 2.45%, 0.52%, respectively, all 

of which were much less than the capacity of reservoirs.  

At these four stations, no significant trends of precipitation at the monthly, 



 11 

seasonal and annual scale are detected expect only in April which had a significant 

decreasing trend. Also runoff in April also decreased significantly in Zhoukou station, 

Fuyang station and Wujiadu station. With respect to the number of months having 

significant trends, it can be seen that there were 9 months with decreasing trends in 

Fuyang station, 7 in Zhoukou station, 4 in Wujiadu station and null in Luohe station. 

These results were coherent with the rank of regulation capacity of these four 

floodgates. Also most months were in the dry season. Thus the regulations of 

floodgate were very significant to decrease monthly runoff, especially in the dry 

season. With respect to the seasonal and annual trends in runoff, it can be seen that 

Fuyang station and Zhoukou station had significantly decreasing trends but Wujiadu 

station and Luohe station had not because the regulation capacities of Bengbu and 

Mawan floodgates were only 1.05% and 0.53%, respectively. Furthermore, the trends 

in the dry season were more frequently to be significant than that in the wet season. 

Thus the regulation of floodgates to water supply and flood control contribute more to 

the decreasing runoff, in the dry season. The functions of floodgates were the same 

with the reservoirs, but the magnitudes of the trends were smaller because of the small 

regulation capacity by floodgates,  

-------------------------------------------------------- 

Figure 3 is about here 

-------------------------------------------------------- 

 

Unregulated hydrological stations: Zhaopingtai station is located at the upper 

stream of Zhaopingtai Reservoir and runoff process was not impacted by regulation of 

reservoir. The trends of precipitation and runoff in most months were not statistically 

significant except precipitation trends in April and May and runoff trend in February. 

The precipitation decreased significantly in April but increased in May, meaning that 

the precipitation in spring changed significantly. But the increasing trend of runoff in 

February may cause the increasing of runoff directly in the dry season. Thus the 

ravages of droughts were relieved in Zhaopingtai Catchment but the spring flood 

should be paid attention when the regulation of Zhaopingtai Reservoir. In the wet 
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season, both runoff and precipitation were no significant trend. 

At other unregulated stations in Huai River, the trend of precipitation in April is 

the only significant one (significantly decreasing) and all the other months, seasonal 

and annual scales were not significant. The changing patterns of runoff were basically 

coherent with the precipitation except in May when the runoff decreased significantly 

at Wangjiaba station and Lutaizi station. The main reason was the decrease of 

upstream runoff although they were not significant in Changtaiguan station and 

Xixian station. From upperstream to downstream, the decreasing trends were 

gradually weakened. Without the regulation of dams and floodgates, the variation of 

precipitation and runoff was coherent and the main reason of runoff decreased was the 

decrease of precipitation. 

-------------------------------------------------------- 

Figure 4 is about here 

-------------------------------------------------------- 

 

As a summary of the trend analysis of all the 10 stations in the upper and middle 

of Huai River Basin, we can see that there were no statistically significant trends of 

both runoff and precipitation from 1956 to 2000 expect the runoff at some regulated 

stations. In Shaying River, precipitation trend was not significant in all 5 stations. But 

runoff at Baiguishan station, Zhoukou station and Fuyang station decreased 

significantly. The main reason is the regulation of dams and floodgates to water 

supply and floodgate control. The decrease of runoff at Baiguishan station was most 

significant because the regulation capacity of Baiguishan Reservoir was the largest 

and runoff was regulated most seriously. The decrease at Luohe station was smallest 

in all the regulated stations. In Huai River, there were no statistically significant 

trends of runoff and precipitation. 

-------------------------------------------------------- 

Figure 5 is about here 

-------------------------------------------------------- 

 



 13 

The temporal pattern of runoff and precipitation at the different scales 

Monthly trends: From 1956 to 2000, precipitation decreased significantly only in 

April at all the 10 stations, resulting in significant decrease of runoff in April in most 

stations expect Zhaopingtai and Luohe stations. Moreover, the main agricultural crops 

(spring wheat, rice, et al) were seeded in this month and irrigation water was needed 

more. Thus most dams and floodgates should be shut down to meet the need of 

agricultural irrigation. As a result, the runoff in this month decreased significantly 

especially in regulated hydrological stations. Also, the decreasing trends of runoff in 

most months were significant in Baiguishan, Zhoukou and Fuyang stations because 

the regulation of dams and floodgates although the precipitation did not change 

significantly.  

Seasonal trends: No significant trends of precipitation were detected at the 

seasonal scales at all the 10 stations. But runoff at some regulated stations 

(Baiguishan, Fuyang and Zhoukou stations) decreased significantly and the others 

were not significant regardless of the wet season or the dry season. Thus the main 

possible reason was the regulation of dams and floodgates for water storage but the 

trends were restricted to the regulation capacity of dams and floodgates. The 

regulation capacity of Mawan floodgate and Bengbu floodgate were weak, thus the 

runoff trends were not significant. Furthermore, the decreasing trends in the dry 

season were much more frequently to be significant than that in the wet season 

because dams and floodgates were always closed for water storage in dry season and 

open to flood control in wet season. 

Annual trend: The precipitation trends were not significant in the whole research 

area, and the trend of runoff showed the same in the unregulated and moderately 

regulated stations (Zhaopingtai, Changtaiguan, Xixian, Wangjiaba, Lutaizi, Luohe and 

Bengbu stations), but the decreasing trend was very significant at highly regulated 

stations and some moderately stations (Baiguishan, Zhoukou and Fuyang stations). 

The decreasing trends were correlative with the regulation capacity of these dams and 

floodgates. The greater the capacity was, the more often the trend was significant.  
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The rainfall-runoff relationship 

   Simple linear regression analysis on log-transformed precipitation and runoff data 

shows that all the correlation coefficients were greater than 0.70 except that of 

Baiguishan with the value of 0.47; Moreover, the t-values of all 10 stations were much 

greater than the threshold of 1% of significance level (the p-values were always 

<0.00001), meaning highly significant regardless of regulated or unregulated stations. 

Thus the relationship between precipitation and runoff were still acceptable during 

1956 to 2000 and the regulation of dams and floodgates did not disturb it dramatically. 

All the results were shown in Table 4. 

-------------------------------------------------------- 

Table 4 is about here 

-------------------------------------------------------- 

 

At the highly or moderately regulated stations, comparing the correlations 

coefficient and t-value with the storage capacity, it is very obvious that the correlation 

coefficient and t-value were mainly influenced by the regulation capacity of dam or 

floodgate. The regulation of Baiguishan reservoir could control nearly 1.75 times of 

the annul runoff in Baiguishan Catchment, thus the correlation coefficient and t-value 

were only 0.47 and 3.50 which were the smallest. The regulation capacity of the 

floodgates were less than 3% and the impact on runoff was very limited, thus the 

correlation coefficient and t-value in this area increased obviously, the average values 

were 0.82 and 9.71, respectively. At all the regulated stations, the correlation between 

runoff and precipitation impacted directly by dams and floodgates’ storage capacity. 

But the relationship was still significant. 

At the unregulated stations, the correlation coefficients between runoff and 

precipitation and t-value were much higher than those at the regulated stations and the 

average values were 0.88 and 14.25, respectively. But the values decreased from 

upper stream to down stream because of flow concentration from other regulated 

tributaries. In main Huai River, the correlation coefficient and t-value at Changtaiguan 

was 0.94 and 17.45 which was the largest. The values of Lutaizi station (correlation 
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coefficient = 0.85 and t-value = 10.79) at the downstream were the smallest. 

-------------------------------------------------------- 

Figure 6 is about here 

-------------------------------------------------------- 

 

CONCLUSIONS 

   Trend analysis as a simple but powerful method is used to qualitatively analyze 

the change of hydrological or meteorological time series, especially in highly human 

influenced river basins where hydrological modeling was very difficult to provide 

satisfactory results. From the results of runoff and precipitation detection in Huai 

River Basin, some findings can be summarized as follows: 

1) No statistically significant trends of precipitation in the upper and middle of Huai 

River Basin are detected at the annual scale. However, the trend of annual runoff 

at Baiguishan, Zhoukou and Fuyang stations in Shaying River, which are 

regulated seriously, decreased significantly while the others were not. Viewing 

monthly and seasonal trends of runoff and precipitation, the trend of precipitation 

decreased significantly only in April, making the dry situation worsen in spring. 

Unavoidably, the trend of runoff decreased significantly in April in most stations. 

Moreover, in Baiguishan, Zhoukou and Fuyang stations, the decreasing trends of 

runoff in most months were significant although the precipitation did not change 

significantly. The decreasing trends of monthly runoff in the dry season was more 

often to be significant than that in the wet season, and the decreasing trend of 

runoff was more significant in Shaying River than that in Huai River. 

2) The correlation between precipitation and runoff in Huai River Basin was 

significant based on annual data from 1956 to 2000 although some stations were 

regulated by dams and floodgate seriously. The correlation coefficients of all the 

10 hydrological stations were statistically significant regardless of regulated 

(Shaying River) or less-regulated river (Huai River). At the regulated stations, the 

correlation coefficients were negatively coherent with the dam or floodgate’s 

storage capacity. The regulation capacity of reservoirs were larger than the 
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floodgates’, thus the correlation coefficient was smaller. At the unregulated 

stations, the correlation coefficients were much larger than those at the regulated 

stations. But the values decreased from upper stream to down stream because of 

flow concentration from other regulated tributaries. The largest correlation was in 

Changtaiguan catchment in upper area and the smallest one was in Lutaizi 

catchment at the downstream area. 

3) There are two main possible reasons for the decreasing runoff in Huai River 

Basin. On one hand, the decreasing precipitation in some particular months. On 

the other hand, the regulation of dams and floodgates intensified the decrease of 

runoff, especially in the dry season because most dams and floodgates were 

closed in order to meet water demand for agricultural irrigation. In Shaying River, 

the main reason of runoff decreasing was the regulation of dams and floodgates 

and the decreasing trend at the downstream of reservoir was more significant than 

that near the floodgates because the reservoir has larger regulation capacity than 

the floodgates. The regulation capacity of Baiguishan Reservoir was the largest, 

thus the decreasing trend at Baiguishan station was most significant while the 

trend at Luohe station was not significant in all the regulated stations because the 

regulation capacity of Mawan floodgate was the lowest. Furthermore, the 

regulation in the dry season was larger than that in the wet season, and therefore 

the decreasing runoff in dry season was more significant than that in wet season.. 

In Huai River, the main reason of decreasing runoff was the decreasing 

precipitation especially in May. Conclusively, the regulation of dams and 

floodgates for flood control and irrigation was the major reason for the decreasing 

runoff in Huai River Basin but the decreasing precipitation in April in this basin 

was not ignored. 

In conclusion, the regulation of dams and floodgates on flow regimes was 

significant. Therefore, some measures should be carried out to ensure the 

sustainability of water resources utilization and healthy ecosystem of the rivers. On 

the one hand, the ecological and environmental discharge should be kept to avoid zero 

flow and meet the water demand in the lower reaches, especially during the dry 
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season. On the other hand, the joint dispatch of dams and floodgates in different areas 

should be strengthened. This paper only tested the flow and precipitation change and 

qualitative analyzed some causes (water projects’ regulation, climate change, etc.). 

The findings would contribute to the better understanding water issues in the nation’s 

worst basins for policy makers and management. Further researches, such as 

quantifying the impact of dams and floodgates on the riverflows and optimal dam and 

floodgate operation based on the distributed hydrologic model, should be carried out. 

These will be done once necessary data available over the study period on the whole 

basin. 
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Fig.1 Location of the research area, hydrological stations and main dams & floodgates 
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Fig.2 Results of trend analysis of precipitation and runoff at Baiguishan Catchment 
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Fig.3 Results of trend analysis of precipitation and runoff at Luohe, Zhoukou, Fuyang, 

Wujiadu Catchment 
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Fig.4 Results of trend analysis of precipitation and runoff at Zhaopingtai,Changtaiguan, 

Xixian, Wangjiaba,Lutaizi Catchment 
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Table.1 Detail information of 6 main dams and floodgates near 10 hydrological 

stations in Huai River Basin 

Rivers Dams and 

floodgates 

Longitude Latitude Reservoir 

capacity(10
8
m

3
) 

Regulation 

Capacity (%) 

Completed 

year 

Shaying  Zhaopingtai 112.67 33.73 7.13 139.48 1959 

Baiguishan 113.23 33.71 9.22 175.70 1966 

Mawan 113.75 33.62 0.11 0.52 1966 

Zhoukou 114.61 33.63 0.48 1.53 1975 

Fuyang 115.85 32.89 1.06 2.45 1959 

Huai  Bengbu 117.29 32.96 2.72 1.05 1961 

Note: Regulation Capacity is the percent of Reservoir Capacity accounting for Annual 

Runoff. 

 

 

 

   Table.2 Detail information of 10 hydrological stations in Huai River Basin 

River Hydrology 

station 

Longitude 

(
o
E) 

Latitude 

(
o
N) 

Catchment 

area (km
2
) 

Annual runoff 

(m
3
/s) 

Data 

availability 

Shaying Zhaopingtai 112.77 33.72 1416 16.21 1956-2000 

Baiguishan 113.23 33.70 2730 16.64 1956-2000 

Luohe 114.03 33.58 12150 66.82 1956-2000 

Zhoukou 114.65 33.63 25800 99.57 1956-2000 

Fuyang 115.83 32.90 35246 137.05 1956-2000 

Huai Changtaiguan 114.07 32.32 3090 35.61 1956-2000 

Xixian 114.73 32.33 10190 117.89 1956-2000 

Wangjiaba 115.60 32.43 30630 283.41 1956-2000 

Lutaizi 116.63 32.57 88630 657.47 1956-2000 

Wujiadu 117.38 32.93 121330 821.28 1956-2000 

 

 

 

 

 



 26 

Table.3 Results of trend analysis of runoff, precipitation in Shaying River 

  
Zhaopingtai Baiguishan Luohe Zhoukou Fuyang 

Q P Q P Q P Q P Q P 

Jan. NS NS 0.000(-2.25) NS NS NS 0.010(-0.80) NS 0.012(-0.63) NS 

Feb. 0.034(1.99) NS 0.000(-2.21) NS NS NS 0.018(-1.30) NS 0.023(-0.68) NS 

Mar. NS NS 0.029(-1.34) NS NS NS 0.010(-0.43) NS NS NS 

Apr. NS 0.024(-14.03) 0.001(-4.19) 0.011(-14.39) NS 0.015(-15.80) 0.017(-2.78) 0.008(-12.03) 0.046(-2.61) 0.012(-11.89) 

May NS 0.021(19.93) 0.000(-7.07) 0.037(17.45) NS NS NS NS 0.046(-1.89) NS 

Jun. NS NS NS NS NS NS NS NS NS NS 

Jul. NS NS 0.008(-18.25) NS NS NS NS NS 0.027(-8.12) NS 

Aug. NS NS 0.002(-15.53) NS NS NS NS NS NS NS 

Sep. NS NS 0.000(-11.41) NS NS NS 0.038(-3.57) NS 0.019(-3.29) NS 

Oct. NS NS 0.002(-7.11) NS NS NS 0.019(-2.39) NS 0.014(-1.86) NS 

Nov. NS NS 0.001(-3.21) NS NS NS 0.011(-1.04) NS 0.038(-0.67) NS 

Dec. NS NS 0.003(-2.23) NS NS NS NS NS 0.011(-0.69) NS 

Annual NS NS 0.000(-7.03) NS NS NS 0.022(-2.14) NS 0.011(-2.61) NS 

Wet NS NS 0.001(-13.74) NS NS NS 0.032(-3.80) NS 0.016(-5.51) NS 

Dry 0.034 (1.10) NS 0.000(-3.68) NS NS NS 0.013(-1.30) NS 0.020(-1.16) NS 

  
Changtaiguan Xixian Wangjiaba Lutaizi Wujiadu 

Q P Q P Q P Q P Q P 

Jan. NS NS NS NS NS NS NS NS 0.044(-0.39) NS 

Feb. NS NS NS NS NS NS NS NS 0.045(-0.87) NS 

Mar. NS NS NS NS NS NS NS NS NS NS 

Apr. 0.015(-8.29) 0.003(-18.76) 0.018(-7.62) 0.017(-19.49) 0.026(-5.58) 0.002(-19.50) 0.031(-3.18) 0.010(-15.54) 0.040(-2.41) 0.010(-14.66) 

May NS NS NS NS 0.031(-5.55) NS 0.012(-5.17) NS 0.014(-4.52) NS 

Jun. NS NS NS NS NS NS NS NS NS NS 



 27 

Jul. NS NS NS NS NS NS NS NS NS NS 

Aug. NS NS NS NS NS NS NS NS NS NS 

Sep. NS NS NS NS NS NS NS NS NS NS 

Oct. NS NS NS NS NS NS NS NS NS NS 

Nov. NS NS NS NS NS NS NS NS NS NS 

Dec. NS NS NS NS NS NS NS NS NS NS 

Annual NS NS NS NS NS NS NS NS NS NS 

Wet NS NS NS NS NS NS NS NS NS NS 

Dry NS NS NS NS NS NS NS NS NS NS 

Note: NS means not significant at the significant level; texts in Bold indicate the results in the wet season; texts out of the brackets indicate p-value of test; texts in 

the brackets indicate the annual variation trend (mm/year), negative value means decreasing and positive value means increasing. 
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Table.4 Correlation coefficient of precipitation and runoff at 10 hydrological 

stations and its storage capacity 

Hydrology Stations 
Correlation 

Coefficient 
t-value* 

Regulation 

capacity (%) 

High-Regulated 

stations 
Baiguishan 0.47 3.50 175.70 

Less-regulated 

stations 

Luohe 0.89 12.59 0.52 

Zhoukou 0.77 7.87 1.53 

Fuyang 0.83 9.80 2.45 

Wujiadu 0.79 8.58 1.05 

Unregulated 

stations 

Changtaiguan 0.94 17.45  

Xixian 0.94 18.62  

Wangjiaba 0.94 17.42  

Lutaizi 0.85 10.79  

Zhaopingtai 0.73 6.96  

Note: * the threshold of 1% significant level was 2.016 

 

 

 

 

 


