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Abstract 
 

Research on the impact of climate change on water resources has attracted the attention of academician and policy makers. This paper 

tends to analyze the impact of changes in air temperature and rainfall on the amount of water resources in the Huai River Basin from 

1980 to 2014. Air temperature and rainfall data were collected from six meteorological stations. Hydrological data were collected from 

the Bengbu Hydrological Station in the Huai River Basin. Research findings revealed an increasing trend in average annual air tempera-

ture, with the highest increase of 0.293oC recorded at Bengbu in Anhui Province. The western part of the study area has shown a rising 

rainfall while the eastern part (the middle reaches of the Huai River Basin) witnessed a declining rainfall. The rainfall in the Huai River 

Basin was significantly influenced by the natural fluctuations as the average rainfall in the study area was in a vaguely declining trend. 

This resulted in gradual decrease in the quantity of the Basin’s water resources due to decreasing rainfall and rising air temperature. Re-

gression and sensitivity analyses were employed to develop a mathematical model between water resources quantity and changes in air 

temperature and rainfall. Based on regression analysis findings, changes in rainfall have a much bigger impact on its water resources 

quantity than changes in its air temperature. 
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1. Introduction 

Despite the fact that China is ranked as the world sixth country 

with highest amount of annual runoff after Brazil, Russia, Canada, 

United States and Indonesia, it faces many water resources prob-

lems and challenges. According to (Global Water Partnership, 

2015), annual rainfall decreased in Huai River Basin by 6% with 

an evident mismatch (the water resources distribution was 3.4% 

from the total annual runoff of 62.2 billion cubic meters Accord-

ing to Huang.et.al, (2006) climate change has the potential to seri-

ously affect China’s future national security and sustainable social, 

economic and ecological development. Climate change poses a 

serious threat to water resources in China. As a result, the Chinese 

government announced the China’s National Climate Change 

Program in June 2007 to address climate change issues with spe-

cific attention to the country’s water. This study tends to address 

the issue of climatic changes in the Huai River Basin in China. 

The river is located at a subtropical monsoon zone and can be 

described as a transitional belt ranging from a humid region to a 

semi-arid one. Huai River Basin is a major water supply source 

and the planned passing route for the eastern line of China’s 

South-North Water Transfer Project (See Figure 1). Accordingly, 

climate change in the region will eventually influence the schedul-

ing and allocation of water in the whole water transfer project. 

Huai River Basin’s rainfall is basically concentrated during the 

flood season with reasonable variability from year to year. In addi-

tion, the river witnesses a frequent presence of natural disasters 

such as floods and droughts. According to Gao et al. (2008) Huai 

River  Basin results in a impacts seriously on people’s life, agri-

cultural and industrial development in the region due to the tem-

poral distribution and deteriorating quality of water resources.  

 
                          Fig. 1: Map of Huai River Basin. 

http://creativecommons.org/licenses/by/3.0/
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Similarly Che.et.al, (2008), has observed a clear rising in air tem-

perature and apparent falling in rainfall. Prior research on analysis 

of runoff data for almost 50 years has shed light on falling trends 

in runoff in Huai River Basin resulting from climate change and 

coupled with social, economic and other external factors 

Zhang.et.al, (2001) These have resulted in worsening water supply 

in the region.. This study seeks to analyze the impact of changes in 

climatic factors on water resources quantity in the Huai River 

Basin. To achieve this objective, data collected from six meteoro-

logical stations and water resources evaluation data from the 

Bengbu Hydrological Station from 1980 to 2014 are used to study 

the pattern of changes in climatic factors and water resources 

quantity in the river basin. Nathalie, (2007) acknowledged that 

climate change causes unprecedented challenges to water re-

sources and agricultural systems of northern The increase in tem-

peratures could accelerate worsening water deficits and deteriorat-

ing arable lands. In addition, there are higher risks of flooding in 

coastal cities due to rising sea levels This has a potential of in-

creasing  diseases such as malaria. In this regard, Nathalie, (2007) 

stated that applying the model for the Assessment of Greenhouse-

gas Induced Climate Change (MAGICC) to China scenario re-

vealed that temperatures could well increase by between 0.6°C 

and 1.3°C between now and 2030 and from 1.2°C to 2.3°C by 

2050. Recent researches conducted by Gebeyehu.et.al, (2018) 

have identified the fundamental problems faced in the Huai River 

Basin: such as effect of climate change, water shortage, flooding, 

and water pollution. They claimed that the rate and materialization 

of these problems are higher than other river basins of China be-

cause the area is highly productive whereas the available amount 

of water resources does not meet the demand for various purposes. 

Building on existing local and foreign research along with the 

specific situation in Huai River Region, the objective of this study 

is to employ sensitivity and regression to develop a linear statisti-

cal model for testing the relationship between water resources 

quantity and change in air temperature and rainfall in Huai River 

Basin.  

2. Research method 

According to Othman.et.al, (2017) causal research design method 

is most effective in order to establish the cause-and effect associ-

ated with specific variations in water resources availability and 

development The examination of the impact of climate change factors on 

the processes and relative needs for water uses in domestic, production and 

eco-water consumption by Researchers is central to the allocation and 

conservation of water resources in systems of ecology and econo-

my in arid Northeast of China. Othman.et.al. (2017) contended that there 

are unprecedented increases in the annual temperature trend in Huai River 

Basin regions. 

2.1. The study settings 

The Huai River Basin (30°55′~36°36′N and 111°55′~121°25′E) is 

one of the top seven river basins in China and represents the most 

densely inhabited River Basin and the main grain-production. It is 

located in Eastern China between the Yangtze River Basin and the 

Yellow River Basin. It passes through five provinces: Hubei, He-

nan, Anhui, Shandong and Jiangsu. The strategic geographical 

location of Huai River Basin has a distinct position in China’s 

national economy Ning.et.al, (2003) According to Xi.et.al, (2009) 

Huai River Basin's terrain is high in the northwest but low in the 

southeast it has various tributaries that join the main trunk of the 

River and flows into the sea below Hongze Lake. The local cli-

mate in the region exhibits strong seasonality. The southern part 

of the Basin is a subtropical humid zone, while the northern part 

can be described as a warm-temperate, semi-humid region. The 

Huai region is affected by different weather systems such as cold 

vortexes from North China, westerly troughs and, typhoons and 

easterly waves from the tropics and the Jianghuai Shear Line that 

result in diversified climate patterns and heavy weather changes. 

Huai River is one of the main rivers in China with a drainage area 

covering five provinces: Shandong, Jiangsu, Hubei, Henan, and 

Anhui Zhang.et.al, (2011). The population of Huai River Basin is 

ranked as the third highest and it is the main agricultural produc-

ing area of China Wang.et.al, (2016). Climate change and human 

activities such as deforestation, agricultural and urban develop-

ment, construction of large hydraulic structures and groundwater 

level drawdown influence the water resources availability in the 

northern part of China Kløve.et.al, (2014), Yao.et.al,(2015) They  

stated that the average annual temperature up to 2030 will increase 

by 0.32oC with a more dramatic effect in the northern part of Chi-

na than southern part Yao.et.al, (2015) Due to climate change, the 

annual mean runoff of Huai River will decrease by 10.5% up to 

2030 Aiwen, (2001).  In the Huai River Basin, water storage index 

is more than 0.6 and water demand index is above 0.5, which 

mean that during drought year there is no water to be stored in the 

reservoir as the water demand is greater than the annual runoff in a 

river Aiwen, (2001). According to Peng.et.al, (2018) addressed the 

significance of global warming and its negative effect on the eco-

logical environment and human society. In their research on the 

Huai River Basin, They investigated the relationships between 

temperature indices, as well as those between temperatures indices 

and the length of the growing season. They stated that the regional 

responses of extreme temperature indices to global warming 

across the Huai River Basin were dissected. This study seeks to 

analyze the impact of changes in climatic factors on water re-

sources quantity in the Huai River Basin. To achieve this objective, 

data collected from six meteorological stations above the Bengbu 

Sluice and water resources evaluation data from the Bengbu Hy-

drological Station from 1980 to 2014 are used to study the pattern 

of changes in climatic factors and water resources quantity in the 

river basin. The study at hand focuses on the area between 

110°~115°E and 30°~35°N, located above Bengbu station in An-

hui Province. Building on existing local and foreign research 

along with the specific situation in Huai River Region, bivariate 

regression was employed to develop a linear statistical model for 

testing the relationship between water resources quantity and 

change in air temperature and rainfall. 
 

 
                                       Fig. 2: Study Area. 

2.2 Data collection and processing 

The data collection for this study was based on secondary re-

sources. Data on monthly average air temperature and rainfall for 

six stations in the Huai River Basin located above Bengbu were 

extracted from “National Meteorological Information Centre” for 

the 1980-2014 period. These data were provided by China Mete-

orological Data Sharing Service System (http://cdc.cm.gov.cn/). 

Similarly, data on water flow, quantity for the three metrological 

stations above the Bengbu Sluice were properly collected and 

classified. The meteorological data collected from the China In-

ternational Ground Exchange Station have been processed and 

passed strict quality checks. To ensure data continuity, meteoro-

logical data from the China International Ground Exchange Sta-

tion were employed. The data processing has gone through three 

stages: 

http://cdc.cm.gov.cn/
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1) Calculating the change trend and trend rate, we let the fol-

lowing time series denote the sequential data of a certain 

factor: 

 

X (t) = a0+ a1t +a2t 2…ant n                (1) 

 

Where, X(t) is the factor under study; T is: time; a1 is linear trend 

rate; and a2, a3…an can be determined by the least squares method. 

This model can be used to explain the climate change variation in 

relation to quantity of water resources as argued by Qu.et.al., 

(2008).  

2) Calculating the re-scaled range using the Hurst Index to 

forecast a future trend. Re-scaled range is a statistical meas-

ure of the variability of a time series to provide an assess-

ment of how the apparent variability of a series changes 

with the length of the time-period being considered. The 

distribution properties of the Hurst exponents of the temper-

ature and rainfalls data and time series sequences were ana-

lyzed using SPSS (IBM, Armonk and NY). After calculat-

ing the change trend and trend rate, we use regression/ sen-

sitivity method (R/S) method developed by the British sci-

entist H. E. Hurst for time series research (see Table 1). 

 

 
Table 1: The Hurst Index Classification List Adapted From (Zhang and Cha, 2008) 

Level H Value Range Persistence Intensity Level H Value Range Reverse Persistence Intensity 

1 0.50 < H ≤0. 55 Very weak -1 0.45 ≤H < 0. 50 Very weak 
2 0.55< H ≤0. 65 Fairly weak -2 0.35 ≤H < 0. 45 Fairly weak 

3 0.65 < H ≤0. 75 Fairly strong -3 0.25 ≤H < 0. 35 Fairly strong 

4 0.75 < H ≤0. 80 Strong -4 0.20 ≤H < 0. 25 Strong 
5 0.80 < H < 1. 00 Very strong -5 0.00 < H < 0. 20 Very strong 

 

Hurst Index method was supplemented and improved by Man-

delbrot and Wallis, who developed it into a fractal theory for time 

series research Mandelbrot and Wallis, (1969).The fundamental 

principle of this method is divided into four steps. First, we as-

sume {ξ (t)}, t =1, 2, 3···n as the time series. For any positive 

integer τ≥1, we define the mean sequence of the series as: 

 

< 𝜉 >τ=
1

τ
∑ ξ(t), τ = 1,2,3, … , n τ

𝑡=1            (2) 

 

Second, we use X (t) to denote the cumulative deviation: 

 

X(t, τ) = ∑ [ξ(t)− <ξ>τ],
 

τ

𝑡=1
1 ≤ t ≤ τ          (3) 

 

 

Third, we measure the deviation range, R which is calculated as 

follows: 

 

R (τ) = 𝑋(𝑡, τ) − X1≤𝑡≥τ
Min (𝑡, τ), 1 ≤ t ≤ τ1≤𝑡≥τ

max .        (4) 
 

Finally, the standard derivation is defined as: 

 

𝑆(τ) = {
1

τ
∑ [ξ(t)    −< 𝜉 >τ]2τ

t=1 }
0.5

, τ = 1,2, … n                      (5) 

 

If relationship exist between R(τ)/S(τ)∝τH in the analyzed time 

series{ξ(t)},t=1,2,3···n, this indicates the presence of a Hurst phe-

nomenon. The H value index is defined as the slope of the straight 

line in the double logarithmic coordinates (1nτ, ln (R/S)), obtained 

from a least squares fit. Hurst Index has different H values 

(0<H<1) with different intensities of persistence in the time series 

as illustrated in Table 1. For instance, H =0.5 shows a complete 

independence and random change in the time series. According to 

Zhang and Cha, (2008) Hurst Index can effectively reveal trendy 

components in a time series and its value can be used to judge the 

intensity of persistence or reverse persistence of the trendy com-

ponents. 

3) Regression analysis was employed to establish an annu-

al runoff computation formula for the Bengbu Station to 

measure the impact of climate change on water re-

sources in the Huai River Basin. 

3. Results 

3.1. Rainfall change 

Linear regression analysis was conducted to determine the annual 

rainfall data for the years (1980-2014) at the six stations in Huai 

River Basin and the values of Trend Rate a1 were obtained. Table 

2 showed all the station had an increasing trend of rainfall with the 

exception of the Zhengzhou Station that showed a falling rainfall 

trend at a rate of - 1.27mm/10a (r2=0.0004). 

However, declining rainfall magnitude was small and didn’t pass 

significance test .05. The Bengbu Station had the most notable 

rising trend, reaching a rate of 28.10mm/10a (r2=0.0419), fol-

lowed by Zhumadian, with 14.26 mm/10a (r2=0.0059); Huoshan, 

with 11.73mm/10a (r2=0.0043); Bozhou, with 5.21mm/10 a(r2= 

0.0016); and Xinyang, with 3.97mm/10a (r2= 0.0005). 

 

 

 

 

 
Table 2: Annual Rainfall Change Rates and Correlation Coefficients at the Six Stations 

Station Zhengzhou Zhumadian Xinyang Bozhou Bengbu Huoshan 

Trend rate a1 (mm/a) -0.1273 1.326 0.3972 0.5209 2.810 1.173 
Correlation coefficient R 0.0158 0.0736 0.0218 0.0376 0.2051 0.0659 

Hurst index 0.5192 0.6131 0.5012 0.4735 0.5008 0.4583 

 



2228 International Journal of Engineering & Technology 

 

 
                                                                Fig. 3: The Results of R/S Rainfall Analysis in Basin’s Six Stations. 

 

Concerning the trend rate alone, the rainfall showed a decrease in 

the northwestern part of the Basin but clear increase in the south-

western part. However, the correlation coefficients were very 

small in all the cases and failed significance level test. Based on 

the R/S analysis, Bozhou, Bengbu, Huoshan showed a falling 

trend. In the study area, average rainfall had an H value of 0.4287, 

indicating a fairly weak persistence (See figure 3). Overall, the 

falling trend was not noticeable, and rainfall was much affected by 

natural fluctuations in climate.  

3.2. Temperature change 

All the six stations showed a rising trend of the annual average air 

temperature especially in Zhengzhou, Bozhou and Bengbu and in 

the northwestern and southeastern parts of the study area. Howev-

er, specific changes in average annual air temperature were as 

follows: Zhengzhou, with 0.258oC/10a (R2=0.339); Zhumadian, 

with 0.197oC/10a (R2=0.176); Xinyang, with 0.189oC/10a, 

(R2=0.247); Bozhou, with 0.248C/10a (R2=0.254); Bengbu, with 

0.273oC/10a (R2=0.396); and, Huoshan, with 0.181oC/10a 

(R2=0.238). 

Additionally, all the correlation coefficients achieved significance 

test at the 0.01 confidence level. An H value of 0.9178 at Huoshan 

station reveals that the air temperature will continue to rise in the 

next few years. These findings are compatible with the global 

warming trend in the Jianghuai region Tian et al, (2005); Lu et al, 

(2010). Figure 4 illustrates the findings of regression and sensitivi-

ty analysis of air temperature analysis. 

 

 

 
Table 3: Average Annual Air Temperature Change Rates and Correlation Coefficients at the Six Stations 

Station Zhengzhou Zhumadian Xinyang Bozhou Bengbu Huoshan 

Trend rate a1 

(oC/a) 
0.0258 0.0197 0.0189 0.0248 0.0273 0.0181 

Correlation 
coefficient R 

0.5791 0.4189 0.4874 0.5379 0.6415 0.4964 

Hurst index 0.7804 0.8013 0.7352 0.8105 0.8473 0.9178 
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                                                            Fig. 4: The Results of R/S Air Temperature Analysis in Basin’s Six Stations. 

 

3.3. Runoff change 

Figure 5 shows the status of change in runoff at the Bengbu Sta-

tion. The runoff curve didn’t reveal a clear trend of change and the 

linear correlation coefficient involved is very small. It can be ob-

served that there is a gradual declining trend of annual runoff 

trend with an H value of 0.4572, however the intensity of persis-

tence is rather weak. 

 

 

 
 
 

      Fig. 5: R/S Analysis Results of Runoff at the Bengbu Station. 

3.4. Regression analysis and statistical model develop-

ment 

This study employs a bivariate linear regression to develop a 

mathematical model between annual runoff (W), average annual 

air temperature (T) and annual rainfall (P). This model can be 

applied to quantitatively analyze the impact of climate change on 

water resources. The general model mathematical equation is: 

 

W=C+aP+bT             (6) 

 

Where W is the Annual runoff, C is Constant, P is Annual average 

rainfall and t is average annual air temperature. The least squares 

method can be applied for bivariate linear regression model to 

calculate the constant C and weighted average derived from the 

station-controlled area/study area ratio. This can be achieved by 

the following equation: 

 

𝑋(𝑡) = 1/𝐹 ∑ [𝑋𝑖𝑛
𝑖=1 (𝑡)𝐹𝑖]             (7) 

 

Where, X is the mean of a climatic factor, t is time; Xi and Fi: the 

observed value of the climatic factor at Station i and the area con-

trolled by Station i; and F: the area of the whole study area respec-

tively. This model was applied to the data for the 1980-2014 peri-

od in order to identify the natural annual runoff process at the 

Bengbu Station, its average annual air temperature and rainfall 

series.  

The following results were obtained: 

 

W= - 44.986 + 0.748 P - 21.614 T           (8) 

 

Where, R=0.769, F=71.058, and significance =0.001. It can be 

observed that the correlation coefficient R is high, F value is 

greater than significance, and significance is less than 0.01. Hence, 

the significance level test shows a very strong regression findings 

(see table 4). 

 
Table 4: Annual Runoff Responses to Various Climate Change Scenarios 
at the Bengbu Station 

Rainfall 

Change 

Rate (%) 

Air Temperature Change (oC) 
(Units: %, 
oC) 

 -1 -1 0 1 2 

-20 -29.78 -38.34 -43.70 -51.45 -60.02 

-10 -7.70 -15.39 -22.95 -30.51 -37.05 
0 14.70 7.56 0.00 -7.11 -14.17 

10 36.08 30.51 20.97 15.39 7.78 

20 59.03 51.47 45.90 37.34 29.78 

 

Table 4 illustrates the annual runoff in relation to rainfall and air 

temperature. It is clear that there is an increase in rainfall but de-
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creases in average annual air temperature. Assuming that air tem-

perature is fixed, 20% of rainfall change leads to -14.7 in runoff 

change. On the other hand, if we assume that rainfall is fixed, a 10% 

increase in rainfall will result in a rise of 20.97% in average natu-

ral runoff at the Bengbu Station, while a 20% increase in rainfall 

will increase mean average runoff by 43.70%. On the other hand, 

if we assume that rainfall is kept unchanged, a rise of 1oC in aver-

age annual air temperature will lead to a fall of 7.11% in annual 

natural runoff, while a 2oC increase will cause a runoff decrease 

by 14.70% at the Bengbu Station. Overall, Table 4 also shows that 

the annual runoff at the Bengbu Station is much more sensitive to 

rainfall changes than to air temperature changes.  

4. Conclusion 

This study has investigated the impact of climate change, more 

specifically, change in air temperature and rainfall on the quantity 

of water resources in six metrological stations in the Huai River 

Basin located above Bengbu Station as well as the change in an-

nual runoff in Bengbu Station. Based on the research findings, the 

six stations under study area revealed apparent trend of increase in 

average annual air temperature from 1980 to 2014. In addition, all 

stations showed a high persistence with a Hurst Index value of 

over 0.75. This high value reflects the climate warming in the 

Huai River Basin and indicates an ongoing rise in air temperature 

in the near future. The river basin has uneven distribution of rain-

fall for the 1980- 2014 with a rising rainfall in the western part of 

the study area and declining rainfall in the eastern part of the Huai 

River Basin. Furthermore, rainfall in the river is influenced by 

natural fluctuations as the average rainfall showed an apparent 

falling trend. On the other hand, the annual runoff for the study 

period showed an H value of 0.4743 referring to falling trend de-

spite the weak persistence intensity. The falling trend of runoff 

occur because runoff is more sensitive to rainfall than to air tem-

perature. Overall, this study has accomplished a mathematical 

model with different climatic scenarios to test the relationship 

between change in climatic factors namely rainfall and air temper-

ature, and quantity of water resources.  
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