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Abstract

:

The impact of global climate change on the temporal and spatial variations of precipitation is significant. In this study, daily temperature and precipitation data from 258 meteorological stations in the Haihe River Basin, for the period 1960–2020, were used to determine the trend and significance of temperature and precipitation changes at interannual and interseasonal scales. The Mann–Kendall test and Spearman’s correlation analysis were employed, and significant change trends and correlations were determined. At more than 90% of the selected stations, the results showed a significant increase in temperature, at both interannual and interseasonal scales, and the increasing trend was more significant in spring than in other seasons. Precipitation predominantly showed a decreasing trend at an interannual scale; however, the change trend was not significant. In terms of the interseasonal scale, the precipitation changes in spring and autumn showed an overall increasing trend, those in summer showed a 1:1 distribution ratio of increasing and decreasing trends, and those in winter showed an overall decreasing trend. Furthermore, the Spearman’s correlation analysis showed a negative correlation between temperature and precipitation in the entire Haihe River Basin, at both interannual and interseasonal scales; however, most of the correlations were weak.
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1. Introduction


Globally, climate change has become one of the major environmental problems of the 21st century, and it has attracted increasing attention from the international community as well as the governments of various countries [1]. According to the Fifth Report of the Intergovernmental Panel on Climate Change, the average global temperature increased by 0.85 °C between 1988 and 2012, at an average rate of 0.064 °C per decade [2]; such an increase in global temperature would influence regional hydrological cycles, including changes in the spatial and temporal distribution of precipitation. Some earlier studies have suggested that global warming may exacerbate the uneven distribution of precipitation, resulting in more precipitation in wet areas and less precipitation in dry areas [3,4,5,6]. However, recent studies have shown that the “arid areas becoming drier and humid areas becoming wetter” notion does not apply to all regions. According to Greve et al. [7], since 1948, only approximately 11% of global precipitation over land has become "drier and wetter," and it has also been reported that extreme precipitation events are likely to become more intense and frequent in some parts of the mid-latitudes and humid tropics [2].



China is located east of the Eurasian continent and along the west coast of the Pacific Ocean. Owing to its vastness, the natural climatic conditions in its northern, southern, eastern, and western regions are different, and because of the global increase in temperature, the precipitation changes in China have become very complicated [8]. Although there has been a general increase in precipitation over China, some scholars believe that some regions in the country are experiencing a decreasing trend, indicating that regional differences in precipitation also exist. Additionally, it has been reported that precipitation in the west and south of China show an increasing trend, while that in the east and north show a decreasing trend [9,10,11,12]. Kai [13] also reported that longitude and latitude directions showed different precipitation characteristics. Specifically, in the longitude direction, there was an increasing trend from west to east, and in the latitude direction, there was an increasing trend from north to south. Dongsheng [14] also pointed out the existence of a significant increasing trend in precipitation in the northwest and southeast of China and a significant decreasing trend from the northeast to the southwest in the middle region of the country. From the perspective of basin regionalization, some scholars have reported that precipitation in China has mainly been concentrated in the Pearl River Basin, Southeast River Basin, and Yangtze River Basin, with the Northwest River Basin experiencing the least precipitation [15,16,17,18,19].



In addition to being an important industrial and agricultural production area, the Haihe River Basin is also a cultural and political center in China [20]. The per capita and per mu water resources in this river basin are one-seventh and one-ninth of the national average, respectively, which indicates that this a serious water resource-scarce area in China [21]. Presently, several experts and scholars are studying precipitation in this river basin in order to provide theoretical support for alleviating the problem of insufficient water resources. Wang [22] analyzed the 1960–2010 daily precipitation data for the Haihe River Basin and observed that precipitation in this river basin showed a general decreasing trend. Additionally, Hao [23] analyzed precipitation over different landforms in this river basin and reported that precipitation in plain areas was greater than that in mountainous and hilly areas. Liu [24] collected and analyzed precipitation data from 47 weather stations in this river basin and reported that the entire river basin region was experiencing a drought trend owing to decreased precipitation. In this river basin, it has also been observed that, in the dry and wet seasons, there is an increased probability of greater precipitation intensity on the first day after a drought. Furthermore, Yan et al. [25] divided the Haihe River Basin into six subregions, and they reported a downward precipitation trend. Recently, Yu [26] summarized relevant research results on precipitation evolution and change trends in this river basin and reported a gradual decrease from east to west and south to north. In addition, using 1959–2016 precipitation data from 57 stations in this river basin, Sun et al. [27] analyzed precipitation trend characteristics. Their results showed that over the past 60 years, precipitation in the Haihe River Basin showed a general decreasing trend that indicated a decrease in precipitation from the central and northern plains to the northwest and southeast regions. In summary, based on the results of these previous studies, it can be highlighted that most of the precipitation changes were evaluated from a perspective of multiple factors and processes given that precipitation, which has complex characteristics, is a product of the comprehensive action of several factors. However, the results of these studies are limited owing to the drawbacks associated with the use of time series data. Additionally, in these studies, only specific stations were selected, leading to non-representativeness of the results, implying that the results cannot be generalized to represent the situation in the Haihe River Basin.



Therefore, for this study, considering the Haihe River Basin as the research area, we took into account several parameters, including the spatial and temporal distribution and variation characteristics of precipitation, the influence of temperature changes, the time series of data, and site selection, to further explored the spatial and temporal distribution characteristics of precipitation in the Haihe River Basin under the influence of climate change.




2. Data and Methods


2.1. Overview of the Study Area


The Haihe River Basin occupies a total area of 318,000 km2 and is located at 35°–43° N and 112°–120° E. The basin includes Beijing, Tianjin, 91% of Hebei Province, 38% of Shanxi Province, 20% of Shandong Province, and 9.2% of Henan Province, as well as 13,600 km2 of the Inner Mongolia Autonomous Region and 17,700 km2 of Liaoning Province [28]. It is located adjacent to the Bohai Sea in the east, the Taihang Mountains in the west, the Yellow River in the south, and the Mongolian Plateau in the north. The topography of the entire basin is higher in the northwest than in the southeast [29], and it consists of the following seven major river systems: the Luanhe, Beisanhe, Yongding, Daqing, Ziya, Zhangwei, and Tuhaimajiahe river systems [30]. The Haihe River Basin is located in the transitional zone of the arid and humid climates in China, and its annual average temperature ranges from 0 to 14.5 °C. Additionally, the spatial and temporal distribution of precipitation in this basin, with average annual precipitation equal to 535.5 mm, shows obvious zonal, seasonal, and interannual differences [31,32]. Figure 1 shows the specific geographical location of this river basin.




2.2. Data Sources


The data used in this study were provided by the National Meteorological Information Center of the China Meteorological Administration and had been obtained from 258 meteorological stations. The data series included daily precipitation and average daily temperature data for the period 1960–2020. Figure 2 shows specific information corresponding to the selected stations for this study. To compensate for some missing site data, interpolation and extension were performed after comparison with data from adjacent sites as well as historical data for several years from corresponding sites.



The annual and seasonal precipitation data at the stations were accumulated based on daily data. February–April, May–July, August–October, and November–December/January corresponded to spring, summer, autumn, and winter, respectively.




2.3. Research Methods


In this study, the Mann–Kendall test was used to determine the precipitation trend in the Haihe River Basin as well as its significance, while the Spearman’s correlation analysis was used to determine correlations between the meteorological elements and precipitation. The spatial distribution maps of significant changes in temperature and precipitation as well as those of the correlations between temperature and precipitation in the Haihe River Basin were drawn using the Kriging interpolation method.



2.3.1. The Mann–Kendall Test


The Mann–Kendall test [33,34,35,36,37,38,39] is a widely used nonparametric statistical analysis method. Its characteristic advantage is that the data samples do not need to obey any specific distribution pattern and are not disturbed by a few outliers, and it has a high quantification degree. Furthermore, this test is commonly used to predict long-term trends in hydrometeorological time series data, such as temperature, precipitation, runoff, and water quality [40,41,42].



The Mann–Kendall test assumes that the null hypothesis, H0, is the time series data, (X1, X2, ..., Xn), with n representing the number of independent samples of identically distributed random variables, while the alternative hypothesis, H1, is a bilateral test. For all k values, j ≤ n, and k ≠ j, and the distributions of Xk and Xj are different. The test statistic, S, is defined as:


  S =   ∑  i = 1   n − 1      ∑  j = i + 1  n   S g n (  X i  −  X j  )      



(1)




where   S g n  (  )    represents the symbolic function:


  S g n (  X i  −  X j  ) =  {    1     0     − 1            X i  −  X j  > 0      X i  −  X j  = 0      X i  −  X j  < 0    }   



(2)




When   n ≥ 8  , S is approximately normally distributed with a mean of 0 and a variance given by:


  V a r  ( S )  =   n  (  n − 1  )   (  2 n + 5  )  −   ∑  i = 1  m    t i  (  t i  − 1 ) ( 2  t i  + 5 )     18    



(3)




where  m  is the number of ties and    t i    is the number of occurrences in each tie.



Furthermore, the formulas for the determination of the M–K statistic, Z, under the conditions, S > 0, S = 0, and S < 0, are:


  Z =  {     (  S − 1  )  /   V a r  ( S )        0      (  S + 1  )  /   V a r  ( S )            S > 0     S = 0     S < 0    }   



(4)







Thus, the Mann–Kendall test was used for sequence mutation analysis, and the order column was constructed as follows:


   S k  =   ∑  i = 1  k     ∑ j  i − 1     a  i j               k  = 2 , 3 , 4 ,  … , n    



(5)




where


   a  i j   =  {    1     x  i    > x  j        0   x  i    < x  j             1  ≤ j ≤ i  



(6)







Additionally, the formula for the calculation of statistical variables was given by:


  U  F k  =    |   S k  − E  (   S k   )   |      var (  S k  )             k  = 1 , 2 , 3 ,  … , n  



(7)




where   E  (   S k   )    and   Var  (   S k   )   , which are defined according to Equations (2)–(8), are the mean and variance of    S k   , respectively.


    E  (   S k   )  =   k  (  k + 1  )   4      Var  (   S k   )  =   k  (  k − 1  )   (  2 k + 5  )    72      



(8)







According to the time series data, Xn, Xn-1, ..., X1 is arranged in reverse order, and as described above:


   {    U  B k  = − U  F k      k = m + 1 − k             k  = 1 , 2 , 3 ,  … , n  



(9)







By analyzing the statistical sequences of the UF and UB curves, the change trend of sequence X could be further analyzed; thus, the mutation time and mutation area could be identified [43]. Under the premise of a significance level, α = 0.05 (the critical value being ± 1.96), there are four possible results, i.e., significant increase, significant decrease, no significant increase, and no significant decrease.




2.3.2. Spearman’s Correlation Analysis


The Spearman’s correlation coefficient [44,45], expressed as p, is a nonparametric index that is used to measure the dependence between two variables. This method, which does not require data distribution information and can better reflect the correlation between precipitation and temperature, uses a monotone equation to evaluate the correlation between two statistical variables. It is calculated as [46,47,48,49]:


   ρ s  = 1 −   6  ∑   d i    2      n  (   n 2  − 1  )     



(10)




where    d i    = the difference between the ranks of corresponding variables, and n = the number of observations.



Therefore, the degree of correlation between the two variables was determined using the ρ-values (  ρ ∈  [  − 1 , 1  ]   ), with degree classification standards as shown in Table 1 [22,50].






3. Results and Discussion


3.1. Temperature Trend Analysis and Significance


3.1.1. Analysis of Annual Mean Temperature Changes


According to the results of the Mann–Kendall test involving annual mean temperature data for the 1960–2020 period, the annual mean temperature at 254 stations (i.e., 98.4% of the total number of stations) showed an increasing trend, with the increasing trend being significant at 246 stations. Conversely, four stations (1.6% of the total number of stations) showed a decreasing trend, with the decreasing trend being significant only at two stations.



Considering the spatial distribution chart that shows the significance of annual mean temperature as well (Figure 3), it can be observed that the annual mean temperature in the Haihe River Basin shows an overall increasing trend. Specifically, the highest increase in temperature is observed in the eastern coastal areas. However, in the central, western, and southwestern regions of the river basin, the increase in temperature is significant only in some areas.




3.1.2. Analysis of Average Temperature Changes for Different Seasons


The Mann–Kendall test results showed that the average spring temperature of the different regions in the Haihe River Basin over the 1960–2020 period showed an increasing trend at 256 stations (i.e., 99.2% of all the selected stations). Among these, the increasing trend was significant at 252 stations; only two stations showed a decreasing temperature trend, with the trend being significant.



The average summer temperature at 231 stations (i.e., 89.5% of all the selected stations) showed an increasing trend. Among these, the increasing trend, characterized by dramatic changes, was significant at 130 stations, while 27 stations (10.5% of all the selected stations) showed a decreasing trend. Among these, the decreasing trend was significant at six stations.



The average autumn temperature at 245 stations (95% of all the selected stations) showed an increasing trend. Among these, the increasing trend, which was characterized by drastic changes, was significant at 173 stations. Conversely, 13 stations (5% of all the selected stations) showed a decreasing trend, with the trend being significant at only three stations.



For the average winter temperature, 247 stations (95.7% of all the selected stations) showed an increasing trend, with the trend, characterized by drastic changes, being significant at 211 stations. Conversely, 11 stations (4.3% of all the selected stations) showed a decreasing trend, with the trend showing significance at four stations.



Considering Figure 4, which shows the spatial distribution of the significance of the mean temperature for different seasons, the average temperature for different seasons in the Haihe River Basin presented an overall significant increasing trend; however, differences also existed among the different regions of this river basin. Specifically, the temperature in the eastern and western regions of this river basin showed significant increasing seasonal change trends.



In particular, in spring, the changes in the eastern, central, western, and southwestern regions of the Haihe River Basin were the most dramatic and showed consistency with the annual mean temperature variation trend. In summer, the changes in the northern high latitude areas, as well as eastern, central, and northwestern regions of the Haihe River Basin were identified as the most intense, while those in the southern region were slightly gentle. In autumn, the temperature changes were scattered, while those in the eastern, western, central, and northwestern regions were the most dramatic. Furthermore, the most obvious increase in temperature in the Haihe River Basin was observed in winter, and the changes were most dramatic in the eastern, central, western, and southwest regions of the river basin.



Therefore, in general, the temperature in the Haihe River Basin is increasing; spatial and temporal differences in the degree of increase also exist. In the eastern region, the changes show a significant increasing trend, whereas, in the northern high latitude areas, a significant increasing trend occurs in summer and autumn. However, the increase in temperature in autumn was chaotic, while that in winter was the most obvious. Tian et al. [51] reported that, before the 1990s, there was a general increase in the temperature of the Haihe River Basin, which thereafter, showed a more obvious fluctuating trend. In each season, the northeast, north, and west regions of the basin showed a significant increasing trend, while the southeast, mid, and southwest regions of the basin showed a decreasing trend in summer, and in other seasons, increasing trends were observed. The results reported by Hao et al. [52] also revealed that the temperature in the Haihe River Basin presented an increasing trend, with drastic changes especially in spring and winter. Basically, the analysis results obtained in this study are consistent with previously reported results.





3.2. Precipitation Trend Analysis and Significance


3.2.1. Analysis of Annual Precipitation Changes


According to the Mann–Kendall test results on the annual precipitation changes for the 1960–2020 period, 223 stations (i.e., 86.4% of all the selected stations) showed a decreasing trend in annual precipitation, with the decreasing trend showing significance only at 12 stations. Conversely, 35 stations (13.6% of all the selected stations) showed an increasing trend, with the increase showing significance at only one of the stations.



Generally, the annual precipitation in the Haihe River Basin showed a decreasing trend. However, an increasing trend was observed only in the north and northwest regions of the basin. The overall change in annual precipitation was relatively gentle, showing a significant downward trend only in some parts of the northeast and southwest regions of the basin (Figure 5).




3.2.2. Analysis of Precipitation Changes for Different Seasons


The Mann–Kendall test was performed to determine the precipitation trends for different seasons in the Haihe River Basin over the 1960–2020 period. Thus, it was observed that the precipitation in spring showed an overall increasing trend, while that in autumn showed an overall decreasing trend. Further, the regions with increasing and decreasing trends in summer and winter were similar. Table 2 shows the variations of precipitation trends for different seasons in the Haihe River Basin.



Spring precipitation in the Haihe River Basin showed an increasing trend in the northern, northwestern, central, and southern regions of the river basin, but the change trends were not significant. In some parts of the east, southwest, and south regions, precipitation showed a decreasing trend; however, the change trend was not significant (Figure 6a).



Furthermore, summer precipitation in the Haihe River Basin showed an increasing trend in the north, northwest, part of the west, and part of the southwest regions of the river basin; however, the change trend was not significant. Conversely, a decreasing trend was observed in the eastern, southeastern, and southern regions of the river basin, and similarly, the change trend was not significant (Figure 6b).



Autumn precipitation showed an increasing trend in parts of the central, northern, western, and southeastern regions of the river basin; however, the change trend was not significant. In some parts of the central, southwest, eastern, and northern regions of the river basin, a decreasing precipitation trend was also observed, with the change being significant in some parts of the southwest region of the basin (Figure 6c).



The north and south regions of the Haihe River Basin showed significant differences in winter precipitation. Specifically, in part of the northeast and northwest regions, and northern high latitude areas of the river basin, the increasing trend was not significant. Additionally, in the western, southeast, and part of the southwest regions of the river basin, a decreasing trend was observed. However, the change trend was not significant (Figure 6d).



Therefore, precipitation in the Haihe River Basin showed an overall decreasing trend; however, an increasing trend was observed in the northern high latitude areas. In spring, there was an overall increasing trend, even though some parts of the east, southwest, and south regions of the basin showed only a decreasing trend. In summer, there was a significant difference between the eastern and western regions, which showed decreasing and increasing trends, respectively. In autumn, there was a decreasing trend in the northeast and southwest regions of the basin, similar to the annual mean precipitation trend, and in winter, the difference between the north and south regions of the basin was obvious, and the northern high latitude areas showed a predominantly increasing trend. Lei Zou et al. [53] reported that annual precipitation in the Haihe River Basin showed a decreasing trend over the 1961–2018 period, with the spatial differences in seasonal precipitation trends being significant; the spatial variation of summer precipitation was similar to that of the annual precipitation, while the spatial distributions of spring and autumn precipitation were similar. Furthermore, He et al. [54] pointed out that the spatial variation of summer precipitation varied in a clockwise manner from the northeast to the east and south, and then to the east and middle regions of the basin. Meizheng Shu et al. [55] analyzed 51-year (1960–2010) precipitation data for the Haihe River Basin and observed a decreasing trend, as well as an uneven distribution of the annual precipitation with obvious seasonality, which gradually decreased spatially from south to north. These findings are consistent with the above research results.





3.3. Spearman’s Correlation Analysis Results


By analyzing and calculating the p-values corresponding to each station, it was possible to clearly determine the level of correlation between precipitation and temperature at both interannual and interseasonal scales. After determination, the correlation coefficients were subjected to grade analysis; the results obtained are shown in Table 3.



3.3.1. Analysis of the Correlation between Annual Mean Temperature and Annual Precipitation


From Table 3, it is evident that 228 stations in the Haihe River Basin (i.e., 92.2% of all the selected stations) showed negative correlations between annual mean temperature and annual precipitation, with 111, 117, and 10 stations showing weak, low, and moderate negative correlations, respectively. Seventeen stations (6.6% of all the selected stations) showed positive correlations, with 16 stations exhibiting weak positive correlation and one station exhibiting low positive correlation. Additionally, only three stations (1.2% of the total number of stations) showed no correlations. In general, the correlation between annual mean temperature and annual precipitation in the Haihe River Basin was negative.



According to the spatial distribution of the Spearman’s correlation coefficients at an interannual scale shown in Figure 7, the distribution of the correlations between annual mean temperature and annual precipitation in the Haihe River Basin was relatively concentrated. A low negative correlation was observed in the continuous zone from the northeast to the southwest regions of the basin, a weak negative correlation was observed in the southeast, west, and northwest regions of the basin, and a weak positive correlation appeared only in some parts of the west region of the basin.




3.3.2. Analysis of the Correlation between Mean Temperature and Precipitation for Different Seasons


A negative correlation was observed between mean temperature and precipitation in the Haihe River Basin for the spring, summer, autumn, and winter seasons (Figure 8). Specifically, in spring, 156 stations (i.e., 60.4% of the total number of stations) showed negative correlations, with 145 and 11 stations showing weak and low negative correlations, respectively. Conversely, it was observed that 90 stations (34.9% of the total number of stations) showed weak positive correlations and 12 stations (4.7% of the total number of stations) showed unrelated correlation between temperature and precipitation. In summer, negative correlations were observed at 257 stations (i.e., 99.6% of the total number of stations), with 15, 167, and 75 stations showing weak, low, and moderate negative correlations, respectively. In this season, only one station (i.e., 0.4% of the total number of stations) showed a positive correlation, i.e., a weak positive correlation. Additionally, in autumn, 11 stations (i.e., 4.3% of the total number of stations) showed positive correlations, all of which were weak positive correlations. Conversely, negative correlations were observed at 246 stations (i.e., 95.3% of the total number of stations), with 84, 141, and 21 stations showing weak, low, and moderate negative correlations, respectively. There was only one station (i.e., 0.4% of the total number of stations) that showed no correlation in this season. In winter, negative correlations were observed at 254 stations (i.e., 98.4% of the total number of stations), with 116, 132, and 6 stations showing weak, low, and moderate negative correlations, respectively. Three stations (i.e., 1.2% of the total number of stations) showed positive correlation, all of which were weak positive correlations. There was only one station (i.e., 0.4% of the total number of stations) that showed no correlation in this season.



In terms of spatial distribution, although generally a negative correlation was observed between average temperature and precipitation for different seasons in the Haihe River Basin, the Spearman’s correlation coefficients corresponding to these different seasons were significantly different. Specifically, in spring, a weak negative correlation was observed in the north, central south, and east regions of the Haihe River Basin, while a weak positive correlation was observed in other regions; in summer, the entire Haihe River Basin showed a low negative correlation and a moderate negative correlation was observed only in the central, southwest, and northeast regions; in autumn, the zonal distribution region from northeast to southwest showed a low negative correlation, the eastern and western regions showed a weak negative correlation, and the southwest region showed a moderate negative correlation; in winter, the middle and southwest contiguous areas of the river basin showed a low degree of negative correlation, while the other areas showed a weak negative correlation. Areas showing weak positive correlations were sporadically distributed.






4. Conclusions


In this study, the Mann–Kendall test was used to analyze the trends of temperature and precipitation variation at interannual and interseasonal scales as well as their significance in the Haihe River Basin. In addition, the Spearman’s correlation analysis was used to determine the degree of correlation between these two climate parameters. The following conclusions were drawn:



(1) Annual and seasonal mean temperatures in the Haihe River Basin showed an increasing trend, with over 90% of the selected stations showing a significant increasing trend, which was more significant in spring than in other seasons. However, the degree of temperature change was affected by the geographical location, i.e., the spatial differences in temperature variation were significant, with the temperature changes in the eastern and western regions of the Haihe River Basin showing high consistency with the interannual and interseasonal variations, with a significant increasing trend. Although other regions showed slightly different results for different seasons, an overall increasing trend was still evident.



(2) Basically, annual precipitation in the Haihe River Basin showed a decreasing trend and also showed an increasing trend in some areas. Specifically, the stations showing increasing trends were predominantly concentrated in the northern region of the river basin, and the spatial changes in precipitation corresponding to different seasons were more complex, with the overall precipitation changes in spring and autumn showing an increasing trend. The ratio of increasing and decreasing trends in summer was approximately 1:1, and the overall precipitation changes in winter showed a decreasing trend.



(3) The Spearman’s correlation analysis was used to determine the degree of correlation between mean temperature and precipitation at both interannual and interseasonal scales. Except for a few positive correlations or non-correlation areas that were sporadically distributed, in general, in the Haihe River Basin, temperature and precipitation showed a negative correlation at both interannual and interseasonal scales; however, the correlation was weak. There were only approximately 30% of the area that showed a strong correlation in summer.
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Figure 1. Geographical location map of the Haihe River Basin. 
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Figure 2. Schematic diagram showing selected stations. 
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Figure 3. Spatial distribution of the significance level of annual mean temperature. 
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Figure 4. Spatial distribution of the significance of mean temperatures for different seasons. (a) Spring; (b) summer; (c) autumn; (d) winter. 
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Figure 5. Spatial distribution of the significance of annual precipitation. 
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Figure 6. Spatial distribution of precipitation significance for different seasons. (a) Spring; (b) summer; (c) autumn; (d) winter. 
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Figure 7. Spatial distribution of Spearman correlation coefficients at an interannual scale. 
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Figure 8. Spatial distribution of Spearman’s correlation coefficients for different seasons. (a) Spring; (b) summer; (c) autumn, and; (d) winter. 
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Table 1. Spearman’s correlation degree classification table.
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	Correlation Coefficient Value
	Degree of Correlation





	| ρ | = 0
	Completely uncorrelated



	0.01 ≤ | ρ | ≤ 0.19
	Weak correlation



	0.20 ≤ | ρ | ≤ 0.39
	Low correlation



	0.40 ≤ | ρ | ≤ 0.59
	Moderate correlation



	0.60 ≤ | ρ | ≤ 0.79
	Significant correlation



	0.80 ≤ | ρ | ≤ 0.99
	High correlation



	| ρ | = 1
	Strong correlation
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Table 2. Precipitation trends for different seasons in the Haihe River Basin.






Table 2. Precipitation trends for different seasons in the Haihe River Basin.





	
Season

	
Increasing Trend

	
Decreasing Trend




	
Number

of Stations

	
Percentage (%)

	
Number of Significant Changes

	
Number

of Stations

	
Percentage (%)

	
Number of Significant Changes






	
Spring

	
176

	
68.2

	
2

	
82

	
31.8

	
1




	
Summer

	
124

	
48.1

	
2

	
134

	
51.9

	
1




	
Autumn

	
35

	
13.6

	
0

	
223

	
86.4

	
10




	
Winter

	
141

	
54.7

	
4

	
117

	
45.3

	
1
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Table 3. Distribution of statistics for the p-values corresponding to different numbers of stations in the Haihe River Basin.
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p-Value Range

	
Nature

	
Spring

	
Summer

	
Autumn

	
Winter

	
Interannual Correlation




	
Positive

	
Negative

	
Positive

	
Negative

	
Positive

	
Negative

	
Positive

	
Negative

	
Positive

	
Negative






	
0

	
Completely non-correlation

	
6

	
6

	
0

	
0

	
1

	
0

	
0

	
1

	
0

	
3




	
0.01–0.19

	
Weak correlation

	
90

	
145

	
1

	
15

	
11

	
84

	
3

	
116

	
16

	
111




	
0.2–0.39

	
Low correlation

	
0

	
11

	
0

	
167

	
0

	
141

	
0

	
132

	
1

	
117




	
0.4–0.59

	
Moderate correlation

	
0

	
0

	
0

	
75

	
0

	
21

	
0

	
6

	
0

	
10




	
0.6–0.79

	
Significant correlation

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
0.8–0.99

	
Highly correlated

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
1

	
Completely correlated

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
g

123 E

Legend
+ Netcorological station
[ county boundary
[ e Basin
[ R
B o o

0,19 — 0.00

Bl ow—on
B oo —on

= E

™





media/file4.png
40° N

35° N

115|° E

120l° E

Inner Mongolia

Liaoning

Shandong

Fangsu

Legend

® Meteorological station

D Region bounday
"I:I Provincial boundary
Altitude(m)

[ ]-4—300

[ ] 301—800

I 801 — 1,400

;- 1401 — 3,043

35° N

120° E





nav.xhtml


  water-13-01664


  
    		
      water-13-01664
    


  




  





media/file16.png
42° N

39° N

114° E
1

Legend

e Meteorological station |=

[: County boundary -:q;'
[ ] Haihe Basin
Bl .39 — -0.20
. -0.19 — 0.00
B 0.00 —0.19

0 65 130 260
km
114° E 17° I 120° E 123° E
114° E 1n7° | 120° E 123° |
-
Legend
. Meteorological station
= [: County boundary Lo
I:] Haihe Basin
I o509 — -0.40
Bl 0.3 —-0.20
I -0.19 —0.00
[ 0.00—0.19
o] B
« =

0 65 130 260 390 520
km
114° E 117° | 120° E 123° E

42° N

39° N

114° E
1

120° E
1

Legend

¢ Meteorological station
I: County boundary Fe
|:I Haihe Basin ”
Bl o0 — 0.4
I 0.39 — 0.2
019 —0.00
P 0.00 — 0.19

0 65 130 260 300 520
km
114° E 117° E 120° E 123° E
114° E 17° 120° E 123°
-
Legend
. Meteorological station
o l:] County boundary Lo
[:] Haihe Basin
059 — 0.4
I o3 — 0.2
L -0.19 —0.00
_ [ 000—019
] (o
=) =
0 65 130 260 390 520
km
114° E 117° 120° E 123° E

(d)





media/file2.png
40° N

35° N

115° E

1201° E

Inner Mongolia

Shandong

F-angsu

Liaoning

40° N

Legend

D Region bounday

Altitude(m)

| |-4—300

1 | 301 —800
B 801 — 1,400
Il 1401 —3.043

'I:l Provincial boundary

-0

35

120° E





media/file5.jpg
4

120 E

123

Legend

+ Metcorological station

[ county boundary
[ e Basin

Zstatistic
366196
1.96-000
000196
196417
417430
490542
s42-577
577-629
620702
702-807

20 E

2

I

P

P





media/file3.jpg
1o’ & s 120° ¢

N
TInner Mongolia
%
Liaoning
. %
i
s Legend
Shanxi T (T T seston vy
Shandong [ AMiude(m)
Paiy
B ) &
- w0
L s

T E 20 E





media/file1.jpg
o €

120 E

eend

[T pesion sontay

] 1 boundars|
ke RS,

— 10
e - 10 —300

120° E

WX





media/file7.jpg
()






media/file10.png
39° N

36° N

114° B 117° B 120° E 123° £
-
Legend B
e Meteorological station
I:l County boundary
|:| Haihe Basin
Z-Statistic
B 285--1.96 _
I 196--1.12 B
o 112--077
. 077--056
. 056--0.44
. -044--033
~ -0.33-0.00 =
. 000-024 3

0 65 130 260
N N N N Km

390

520

| 024-086
I 0.86-1.96

114° T

117° E

120° T

123° E





media/file12.png
1 ]‘llc' E

1 20I° E

1 23." E

. 42° N

39° N

36° N

65
-

130

260

Legend

. Meteorological station

|:| County boundary
:’ Haihe Basin

Z-Statistic

Il 305--196
B -196--1.20
B -120--0.80
0 -0.80--0.50
. -050--002
. -002-030
I 030-050
I 050-090
B 0.90-1.96
B 1 96-227

42° N

T
114° E

1147 E

120° E

120° E

T
123° E

123° E

. 42° N

39° N

36° N

Legend

. Meteorological station

|:| County boundary
[ ] Haihe Basin

Z-Statistic

Bl 294--19
B -196--1.45
145107
P -1.07--0.83
B o.33--067
B -067--052
. -052--028
I -0.28-0.00
I 0.00-068

B 068-1.59

42° N

T
120° E

T
123° E

114]° E

117°

120: E

1 23." E

’ 42° N

39° N

36° N

130

Legend

. Meteorological station

|:| County boundary
:l Haihe Basin

Z-Statistic

B 244--196
B -1.96--1.01
B -1.01--060
[ 0.60--0.31
. -031-0.00
~ 0.00-0.09
" 009-038
P 038-079
P 0.79-1.96
B 196-222

42° N

120° E

120° E

T
123° E

123° E

A 42° N

39° N

36° N

Legend

. Meteorological station

|:| County boundary
[ ] Haihe Basin

Z-Statistic

I 335--19
B 196124
B 124057
[ -057-0.00
. 0.00-029
~ 029-056
. 056-092
P 0.92-1.96
I 1.96-2.08
B 208-298

42° N

T
120° E

T
123° E





media/file9.jpg
ne E

g E

120°

Legend

Vetearolog

] comey bouner

] e asin

Zstatistic

[

I owo-02
024085
. ose- 15

120 F

1235 E

=

N

%





media/file0.png





media/file14.png
11%° E llﬂ° B 12Q° B 12%° E

39? N

367A

Legend

Meteorological station

[::::] County boundary
[::::] Haihe Basin
B 0.59 — -0.40
039 — -0.20
~ -0.19 — 0.00
. 0.00 — 0.19
B 0.20 — 0.39

0 65 130 260 390 520

114° E 117° E 120° E 123° E

42° N

39° 1

36° )






media/file8.png
120° E

36° N

Legend

. Meteorological station

|: County boundary
[ ] Haihe Basin

Z-Statistic

I 222--196
[ 196-000
[ 0.00-1.96
P 196-4.04
B 4.04-451
B 451481
B 481-5.00
I 5.00-5.30
Il 530-576
Bl s6-648

T

17° E

120° E

123° E

39° N

36° N

km

Legend

. Meteorological station

|: County boundary
[ ] Haihe Basin

Z-Statistic

[ 451--196
[ 196-000
[ 0.00-1.96
P 196-237
Bl 237-282
B 2582-3.10
B 310-355
I 355-4.28
I ¢ 28-5.46
B 54-736

T

17° E

(c)

123° E

42° N

114°

120° E

36° N

390

Legend

. Meteorological station

|:I County boundary
[ ] Haihe Basin

Z-Statistic

[ 359--19
[ 196--050
[ 050-0.00
P 000-1.33
B 133-1.96
B 196-242
B 242-3.04
I 304-384
B :4-488
B s8-6.22

42° N

120° E

123° E

39° N

36° N

Legend

. Meteorological station

|:l County boundary
[ ] Haihe Basin

Z-Statistic
[ 4a74--196

[ 196-000
[ 0.00-1.96
P 196-327
B 327-348
B 348-358
B 358-320
I 380-4.26
B +26-524

65 130 260 390 522m - 524 —7.33
114° E 117° E 120° | 123° E

(d)





media/file11.jpg
@ ()

>

(c) (d)





media/file6.png
36‘: N

114:’ E

120|° E

123|° E

39?

0 65 130

Legend

Meteorological station

L ]
I:I County boundary
I:I Haihe Basin

Z-Statistic
-3.66 — -1.96

-1.96 - 0.00
0.00 -1.96
1.96 - 4.17
417 -4.90
490 -542
542 -5.77
5.77 - 6.29
6.29 - 7.02
7.02-8.07

42°

39°

36°

120° F

123° F





media/file15.jpg





