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Abstract:



This study investigates spatial characteristics of annual and decadal precipitation in the Huaihe River basin. Daily precipitation data, obtained from meteorological gauges, are analyzed for a 51-year period, from 1961 to 2011. Precipitation is analyzed in grids (5 km2) with respect to temporal variability. The spatial distribution and intensity of annual rainfall (mm/10 year), determined by the linear regression method, reveals a slight increase of 3 mm/10 year over the basin. However, the trend did not present a significant change at 95% significance level in the most of basin. Precipitation is mostly increasing for each ten-year periods during the total 51 years. The annual precipitation randomicity was calculated from the non-uniform coefficient Cv (coefficient of variation) test and showed a significant non-uniform spatial distribution, indicating that randomicity of annual rainfall was the moderate variability. The Pettitt test determined that the abrupt change points occurred mainly in 1965, 1975 and 2002. Wavelet analysis showed that cyclic variations appeared almost every 5 to 10 years, accounting for 36% of the basin area. Meanwhile, these cycles tended to be delimited by the abrupt change points. This study aims to provide insights for water resources management, mitigation of climate change effects and water supply in the Huaihe River basin and surrounding watersheds.
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1. Introduction


Precipitation is the essential feature of the climate change and a key element of the hydrological processes [1,2]. Change in precipitation has greatly affected climate stability, hydrological processes, and water availability [3,4]. The spatial and temporal distribution changes of precipitation affect the frequent occurrence of extreme events, especially droughts and floods [4,5]. Therefore, exploring the characteristic changes of precipitation is of profound significance. It is essential for agricultural production, the planning and management of sustainable water resources, and overall economic development and livelihood of a country [6,7,8].



Many authors have documented the spatial and temporal variation characteristics of the precipitation throughout the world [9,10,11,12]. For example, scholars described precipitation trends in Nigeria using the monthly accumulations of precipitation for period 1961–2000 [2]. They observed that the spatial distribution of precipitation highly depended on the latitude and its linear relationship with longitude was not clear. Tabati and Talaee found a decreasing trend in annual precipitation in most of the 41 stations they observed in Iran from 1966 to 2005 [13]. Tian analyzed the variation characteristics of precipitation in the main rivers of China during 1957–2013 [14]. Their results showed the annual precipitation and seasonal mean precipitation changed little. Scholars described the spatio-temporal variations of the frequency of extreme precipitation using a high quality precipitation dataset of 599 stations in China for 1961–2001 [15]. Liu studied the spatio-temporal patterns of trends of the precipitation in the Yellow River basin during 1960–2006 and indicated that the precipitation possessed longitude zonality and had no obvious linear relations with the latitude [16]. Another scholar simulated the precipitation change over the past 50 years and the next 30 years in various regions of China, and the research results showed a clear warm-in trend [17].



Most previous studies were focused on the temporal scales, such as interannual [8], interdecadal [1], decadal [9], annual [18], seasonal [6,7], monthly [3], daily [19,20], and even finer temporal scales [21]. However, few investigations have been conducted on continuous spatial distribution of rainfall on a basin scale [16] and in particular the spatial variability [22]. Most studies emphasized discrete variations in the study area [6,23]. The annual precipitation describes a high spatial and temporal variability [24].



The spatial characteristics of precipitation was the major control factor of rainfall-runoff simulation and a series of other hydrological problems [25]. The uncertainty of flood forecasting mainly derived from the rainfall uncertainty and the most sensitive factor of flood peaks prediction was the spatial variation of rainfall [26]. We can obtain the precise spatial distribution of rainfall by establishing rainfall or meteorological stations with extremely high density. Although there are a lots of meteorological and rainfall stations in China, the limited observation data and scientific literature cannot meet the needs of the distributed hydrological model. Precipitation is not uniform and its change is considerably in space and time, including small scales, therefore, it is particularly hard to gauge these changes [27]. We need to extrapolate the data to spatial grids across the watershed to compensate for the unevenly distributed of meteorological stations.



In previous studies, due to the lack of scientific literature to document the spatial and temporal extent of precipitation across the basin or watershed, most researches used single point data to obtain the rain changes in different basins. Based on single point data, our study primarily extrapolated the data across the watershed and extended the findings by quantitatively analyzing the spatial variability of annual and decadal rainfall in the Huaihe River basin for a long-term period (from 1961 to 2011). This investigation used data from 45 meteorological stations distributed over the study area (Figure 1). This research aims to provide basic climate information for river basin management.


Figure 1. The inset map displays the location of the Huaihe River basin (red shading) in China. The main map shows the location of the Huaihe River basin where the bold black line reveals the boundary of the Huaihe River. The location of the meteorological stations showed by the black circle.
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2. Data and Methods


2.1. Study Area


The study area is the whole Huaihe River basin, which lies approximately between 30°57′ N–36° N and 112° E–121° E in eastern China (see Figure 1). It lies in the region from the Yangtze River basin in the south to the Yellow River basin in the north. The total geographical area of the basin is approximately 259,700 km2. The whole basin is divided into the Huaihe River catchment and the Yishusi River catchment by the paleo-channel of the Yellow River and is composed of four secondly-order water resource regionalizations. Its landscape is characterized by the near level plain and hill, among which the plain occupies more than 80% of the total basin area. The spatio-temporal distribution of annual precipitation is uneven in the basin. The mean annual precipitation in the Huaihe River basin during 1961 to 2011 is 884 mm. While the average annual maximum precipitation is 2.5 times bigger than the minimum for the period of 1961 to 2011, and the precipitation amount notably decreases from southeast to northwest. Mean annual temperature is approximately 14.47 °C, and average maximum temperature goes up to 15.79 °C, whereas the minimum temperature drops to 7.38 °C for period from 1961 to 2011. With the dramatic effects of the global climate changes and human activities, underlying surfaces and water resources changes of the Huaihe River basin have attracted more and more attention. In addition to its special geographical conditions from sub-tropical zone to warm temperate zone and from wet zone to semi-arid and arid zone and complex the climate factors, the Huaihe River basin is characterized by frequent or continuous drought or flood events, floods in the south region, and droughts in the north, and drought-flood shifting [28,29,30].




2.2. Data


Based on Thiesssen polygon [31], 24 h observed precipitation data were collected from 45 meteorological stations during the 1961 to 2011 period. These information are available in the National Meteorological Information Centre (NMIC) online database provided by the China Meteorological Administration [32]. For each meteorological station, discrete daily precipitation data were converted into 5 km2 grid-distributed yearly precipitation. This interpolation used the Arc-GIS framework by inverse-distance-weighted (IDW) method. Each grid was considered as the basic dataset used to analyze the precipitation characteristics for the 1961 to 2011 period in the Huaihe River basin. Yang revealed the trend, the abrupt change, the periodicity, and the randomicity of precipitation time series for the main flood period in the Huaihe River [33]. Hence, we studied the long-term (from 1961 to 2011) spatial variability of annual and decadal precipitation in the Huaihe River basin using statistical methods through four aspects: the trend, the abrupt change, the periodicity, and the randomicity.




2.3. Methods


We use the Matlab R2012b to calculate the precipitation abrupt change and periodicity, and the ArcGis 10.2 to obtain the rainfall trend and randomicity. The ArcGis 10.2 is also used to generate the rainfall characteristics spatial interpolation maps. The study performed the spatial trend analysis of precipitation in the Huaihe River basin over the period of 1961 to 2011 using the linear regression method. The randomicity of precipitation changes was detected by the coefficient of variation (Cv) and abrupt change points of observed precipitation data were caught by the Pettitt test. The wavelet analysis determined the precipitation period. Then the spatial distribution of annual and decadal precipitation were obtained. The statistical test and methods used in this study are described below:



2.3.1. Linear Regression Method


The linear regression method is employed to investigate and analyze the long-term trends of precipitation in the time series. The main statistical parameter, the slope, is used to indicate the temporal change of the studied variable on the spatial scale. This method intuitively reflects the trend of the rainfall time series, and the slope of the linear equation represents the average change rate of the trend (to define the slope × 10 as the precipitation tendency rate; unit: mm/decade) [34]. The following formula is proposed by Li to computer the slope [35]:
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(1)




where slope represents the estimated linear trend of precipitation during the period of 1961 to 2011. Positive values of the slope indicate increasing trends, while negative values of the slope denote decreasing trends [13]; i is the number of years in the time series (this study is from 1 to 51); and Pi is the annual precipitation amount. We used the MK test to detect whether a trend in the rainfall time series is statistically significant at a 95% confidence level [14].




2.3.2. Coefficients of Variation


The coefficient of variation (Cv) is a unit-free and effective normalized measure of dispersion [36]. Some scholars used the non-uniform coefficient Cv to quantify the evenness of monthly precipitation [15]. Where rainfall is more uneven, the randomicity is much greater. We applied the Cv for detecting and analyzing the randomicity of annual and decadal precipitation. In this study, Cv was estimated with the standard deviation and mean values [37,38,39,40]. It can be expressed as:
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(2)




where Cv is the randomicity of precipitation amount, namely the discreteness of precipitation. The larger the Cv value is, the greater the randomicity of precipitation changes is considered to be. In other words, the Cv is high, which indicates the uneven distribution of the annual precipitation in the basin [41]. The Ki is the coefficient of modulus. When the Cv is greater than 1, the randomicity of precipitation is defined as the strong variability; 0.1 ≤ Cv ≤ 1 means the moderate variability; Cv less than 0.1 means the weak variability [42].




2.3.3. Pettitt Test


The non-parametric Pettitt statistical test is frequently applied to explore the abrupt change point in a long-term trend analysis [43]. The Pettitt test can not only judge the location and number of the abrupt change, but also estimate the significance of the abrupt change [18,44]. The Pettitt test is considered as a powerful and useful method for obtaining the abrupt change points in characterizing the trends of climate data [23]. The test statistic Ut,n is given by:
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(3)




where n is the time length of precipitation data set, and P is the annual precipitation amount at time i and j, and:
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(4)







The most probable change point is obtained where its value is as follows:
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(5)




and the significance probability ρ associated with ki is expressed by:
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(6)







If ρ is less than the specific significance level, the null hypothesis is rejected. That is, if a significant change point subsists, the time series is segregated into parts at the abrupt change point t. The approximate significance probability for an abrupt change point is expressed as p = 1 − ρ. In our study, the specific significance level is at 95% confidence level.




2.3.4. Wavelet Analysis


Wavelet analysis is a powerful method to research multi-scale, non-stationary signals in finite spatial and temporal domains [11,45,46,47]. It has been applied in atmospheric sciences and geophysics [47,48]. The Morlet wavelet is a very accurate method for obtaining the periodicity in a few similar studies but is applied little for studying the periodicity in a database [49,50]. Therefore, we use a continuous wavelet transform (CWT) to detect the existence of oscillations and their period [46]. The Morlet wavelet is widely used to identify periodic oscillations of the real life signals and possesses an obvious strength that allows detection of time-dependent amplitude and phase for different frequencies due to its complex nature [46,51]. The Matlab R2012b software is utilized here to seek the rainfall periodicity with the above discussed Morlet wavelet.






3. Results


3.1. Spatial Variations of Annual Precipitation


The spatial distribution of the average annual precipitation presents a multi-step increase along the northwest-southeast direction throughout the basin (Figure 2a). That is, precipitation occurs more often in the southeastern basin than in the northwest. Dry regions are located in the northwest (inland) while wet ones are in the southeast (coast). The maximum mean annual rainfall concentrates in the Dabie Mountain region (Figure 2b).


Figure 2. The spatial distribution of the average annual precipitation during 1961 to 2011 (a) and the main physiognomy (b) in the Huaihe River basin.
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3.1.1. Trends of Annual Precipitation


Based on the grid annual rainfall, the spatial trend distribution of annual precipitation and their magnitudes (mm/decade) calculated by the linear regression method are given in Figure 3a. The annual precipitation in the basin presents a slight increasing trend and its mean tendency rate is 3 mm/10 year.


Figure 3. Spatital distribution for trend (a); randomicity (b); abrupt change (c) and periodicity (d) of annual precipitation during 1961 to 2011 in the Huaihe River basin.
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About 58% of the areas had a positive trend and the rest showed a negative trend. The positive trends were found mostly in southeastern, middle, and northwestern zones along the mainstream of the Huaihe River and branches of the Guohe and Yinghe Rivers. In contrast, negative trends were discovered in Yihe and Shuhe Rivers in the northeastern region, and also in the southwest. In addition, we studied the spatial distribution of the temporal trend magnitude of annual precipitation (from 1961 to 2011) in the Huaihe River basin (Figure 3a). The positive trend magnitude varied between 0 and 40 mm/10 year, in general. The proportion of magnitude ranging between 0 and 10 mm/10 year and between 10 and 20 mm/10 year was approximately 27% and 28%, respectively. These parts were mainly grouped in the area from the southeastern basin to the northwest. The negative trend magnitude changed was from about −40 to 0 mm/10 year. The range of the magnitude between −10 and 0 mm/10 year accounted for about 31% and was mostly distributed in the northeastern zones. In fewer regions (less than 10%), the trend magnitude was greater or less than 20 or −20 mm/10 year. These zones were scattered loosely all around the basin. Via the significance test, we found that the trend changes of annual rainfall were not significant in most of the basin.




3.1.2. Randomicity of Annual Precipitation


Based on the Cv test, Figure 3b indicates annual precipitation had the different spatial variations between 1961 and 2011 in the Huaihe River basin. The randomicity was greater in the part of the west and north regions than in the middle and southwest. The overall range of Cvs changed between 0.18 and 0.31 and the randomicity of annual rainfall was determined as the moderate variability. The Cvs, ranging between 0.22 and 0.26, were detected at the rate of 89% and distributed nearly in the whole area; the Cvs greater than 0.26 were primarily around Zhumadian and Fuyang, which accounted for about 5% of the total area analyzed. The Cvs were less than 0.22, and its proportion of the region area was approximately 5% in the vicinity of Xuzhou, the southwest of Liuan, and the southeast corner. The Cvs were less than 0.2 in the rest of the area. The annual rainfall uneven distribution was obvious in the north, upstream of the Huaihe River and downstream of the Yihe and Sihe Rivers. The geomorphology of these regions was mainly the plain (Figure 2b). In contrast, the inhomogeneous changes of the annual precipitation were slight in the mountain regions. These implicated that the annual precipitation distribution was more heterogeneous in mountain areas than in the plain.



Across the basin, the spatial distribution of the randomicity showed uneven precipitation patterns over the last 50 years. The rainfall homogeneity was greater upstream than downstream of the Huaihe River. In particular, the Cv was much greater in the Shahe River and Yinghe River regions. It also showed that variability of rainfall in these regions was stronger than in other areas.




3.1.3. Abrupt Change of Annual Precipitation


The Pettitt test was used to obtain the abrupt change in the precipitation time series during the study period. The different abrupt points were detected in various 10-year periods (Figure 3c) and the distribution proportion of abrupt changes varied by decade. Except from 1981 to 1990, the abrupt changes nearly increased with time. The abrupt changes occurred with a probability of ca. 16% from 1961 to 1970. The abrupt changes was almost 22% between 1971 and 1980. The 10% abrupt change occurred in the southwestern basin during 1981–1990. About 21% of the total region showed an abrupt change in rainfall from 1991 to 2000. Abrupt change points (more than 30%) emerged in the north and southeast basin, and parts of the southwest and west basin during 2001–2011. In conclusion, during the 51-year period, in all abrupt change points, 1965, 1975, and 2002 were the major abrupt change points, and their proportion of distribution accounted for 21%, 13%, and 11%, respectively.



The abrupt points were distinct during the very 10-year period. The dominant abrupt point was detected in 1965 (about 70% of the total) during 1961–1970. From 1971 to 1980, the primary abrupt changes occurred in 1975 and 1978, and accounted for 58% of the land area during these periods. There was an obvious abrupt point in 1984 and its proportion was ca. 60% from 1981 to 1990. The three abrupt change points between 1990 and 2000 occurred in 1991, 1995, and 1997, and accounted for ca. 78% in this duration. During the period of 2001–2011, 2001 and 2002 were the abrupt change points, accounting for 87%.



The abrupt changes were found at a 95% confidence level. There were significant abrupt changes in 47.11% of the regions in the trunk stream of the Huaihe River (Figure 3c). These areas were distributed on both sides of the Huaihe River. The years 1965, 1978, 1984, 1991, 1995, 1997, 2001, and 2002 presented abrupt changes at a 95% significance level.




3.1.4. Periodicity of Annual Precipitation


The periodicity variations of the annual precipitation were calculated by wavelet analysis in the basin during the 51 years. The time-frequency distributions were shown in the various spatial region (Figure 3d). For the annual precipitation all year round, the six scales of periodic cycle existed: <5, 5–10, 10–15, 15–20, and 20–25 years, almost throughout the whole time sequence. As a whole, the different cyclic length of annual precipitation distributed irregularly in the basin. During the <5-year period (about 32% of the total area) precipitation was chiefly distributed in the north and southwestern regions of the basin. A nearly and less than 10-year cycle (about 36% of the total area) were mainly observed in northeastern, central, and parts of the southwestern basin. Approximately 30% of the regions where there was a 10–20-year period in the southwest region were identified. More than 20-year cycles accounted for ca. 2%.





3.2. Spatial Variations of Inter-Decadal Precipitation


We investigated the character distribution of the precipitation on the different time scales. The precipitation trends and the Cv in basin were analyzed by using nonparametric tests based on the grid data of decadal rainfall.



3.2.1. Trends of Inter-Decadal Precipitation


There were five 10-year periods, including the 1960s, 1970s, 1980s, 1990s, and beginning of the 21st century. The inter-decadal precipitation showed a slightly increasing trend during the various periods (from the 1960s to the beginning of the 21st century). The mean magnitude of the trend was successively about −12, −10, 3, 3, and 6 mm/year during the various periods. The magnitude changes were different in the basin’s various orientations (Figure 4). The negative trends were detected in the north of the downstream of Huaihe River and the positive ones were in the south of the upstream of Huaihe River in the 1960s (Figure 4a), where the magnitude ranged from −58 to 41 mm/year. Additionally, the rainfall trends decreased sharply in parts of the northeastern basin and increased slightly in the western basin during the 1970s (Figure 4b). The tendency magnitude was between −57 and 23 mm/year. Furthermore, the tendency magnitude range was from −43 to 42 mm/year in the 1980s (Figure 4c). The majority of the northeastern basin showed an increasing trend while a decrease occurred in the parts of the southwestern basin. Conversely, the precipitation magnitude increased in most parts of the northwestern basin and decreased in the southeast of the Huaihe River in the 1990s (Figure 4d). The magnitude ranged from −48 to 57 mm/year. Finally, the rainfall magnitude changed from −28 to 38 mm/year during the beginning of the 21st century (Figure 4e). The precipitation decreased in the parts of the central and western basin and increased in most areas. It was remarkable that all trend changes had no distinguishability by the significance test.


Figure 4. The spatial distribution of the tendency magnitude in the different decadal precipitation ((a) from 1961 to 1970; (b) from 1961 to 1970; (c) from 1971 to 1980; (d) from 1981 to 1990 and (e) from 2001 to 2011).
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3.2.2. Randomicity of Inter-Decadal Precipitation


The decadal precipitation heterogeneity was investigated by using the Cvs (Figure 5). We demonstrated that there were notable changes between the minimum and maximum Cv. The Cv vaule ranged variously (from 0.07 to 0.41) in different decades. The difference between the minimum and maximum Cv was 0.34. However, the randomicity was also the moderate variability. It ranged between 0.14 and 0.41 in 1960s (Figure 5a). The uneven precipitation was geographically concentrated in the northern edges of the basin, where the Cv value was greater than 0.25. The minimum Cv value was 0.07 and the maximum was 0.33 in the 1970s (Figure 5b). The precipitation was relatively even across the most areas of the basin during this period. The Cv ranged from 0.10 to 0.37 during the 1980s period (Figure 5c). The precipitation variability was obvious in the downstream of the Yinghe River, Yihe River and Sihe River. The Cv value ranged from 0.11 to 0.41 during the 1990s (Figure 5d) and 0.11 to 0.38 at the beginning of the 21st century (Figure 5e). The precipitation was uneven in the Yinghe River basin and the south parts of the middle and lower reaches of the Huaihe River in 1990s. The dissimilar precipitation was chiefly concentrated in the north parts of the Huaihe River at beginning of the 21st century.


Figure 5. The spatial distribution of randomicity in the different decadal precipitation ((a) from 1961 to 1970; (b) from 1971 to 1980; (c) from 1981 to 1990; (d) from 1991 to 2000; (e) from 2001 to 2011).
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The mean Cvs were heterogeneous and changed from 0.20 to 0.27. The precipitation randomicity increased during the 1960s and 1970s, and then decreased in the 1980s, and increased again between 1990s and the beginning of the 21st century. The Cv was 0.23 in the 1960s, which indicated that precipitation was relatively even across most of the basin. The values reached 0.27, 0.20, 0.23, and 0.23 in the 1970s, 1980s, 1990s, and early 21st century, respectively. Most of the uneven precipitation occurred in the north of the Huaihe River and changed with climate change.






4. Discussion


Based on the analysis of annual precipitation variability across the Huaihe River basin, we found the spatial and temporal dynamic characteristics changes, including the trends, the randomicity, abrupt change, and the periodicity. Different methods were adopted to derive these characteristic changes.



4.1. Trends of the Precipitation


Our results were consistent with scholars’ findings but was different from others’ [41,52,53,54,55,56]. The difference was derived from their various study area’s boundaries. Most studies suggested that the Huaihe River basin did not include the Shandong peninsula, while others thought the opposite. The difference possibly stemmed from the fact that our study area did not include the Shandong Peninsula. Additionally, precipitation changes in China were mainly caused by the East Asian Monsoons and the precipitation pattern in China may change due to a reduction in the summer monsoon cycle [57]. The weakening of summer and winter monsoon contributed to increasing precipitation over Southeastern China [57,58]. However, there as a weakening relationship between East Asian winter monsoon and ENSO after mid-1970s [59]. The precipitation amount presented an advanced tendency after 1990s and increased obviously after 2000 [52,60]. Therefore, the summer and winter monsoon variations, especially around the mid-1970s, may be a possible factor for the precipitation changes in the Huaihe River basin.




4.2. Randomicity of Precipitation


Our results were similar to existing research findings [53,61]. The monsoon climate contributed to the uneven distribution of annual rainfall [61]. The annual rainfall uneven distribution also reflected that the Huaihe River basin was the climate transition zone (between 32°30′ N~33°55′ N and 104°31′ E~120°25′ E) (Figure 1). The Huaihe River is known as the transitional river in China [54]. It is the important north-south geographical demarcation boundary and a climate transition zone in China: while the south of the river is subject to a warm, humid temperates and the north is a subtropical, semi-arid climate [28,62,63]. The climate of the basin is mainly a warm, temperate monsoon and sub-humid climate. The annual rainfall heterogeneity is not only related to the latitude, but also to the typical physiognomy of the Huaihe River basin [64]. The rainfall evenness could be affected by other factors (e.g., temperature, topography, atmospheric circulation) and these attribution analyses might be effective targets for the future.




4.3. Abrupt Change of Precipitation


Our outcomes are close to the results obtained by Yang, Lu, and Wang [33,52,65]. In 1965 and 2002 abrupt changes occurred [66], this was consistent with our findings. In addition, the results were almost identical with the previous studies of the heavy droughts that occurred in 2001 and 2002 [67,68]. The anomalous northeast cold vortex could lead to the abrupt changes of rainfall [69]. The rainfall abrupt change points were similar with the anomalous occurrence time in our study. In general, the abrupt changes mainly occurred in 1970s and after the 1990s, which was close to the results detected by Lu and Wang [52,70]. However, the strong rainfall occurred in 2003, 2005, and 2007 [71]. The Pettitt test did not capture these abrupt change points in our study, since the data used in our study were yearly rainfall rather than the seasonal data. Additionally, there are many reservoirs in the basin, and the rainfall abrupt changes may be controlled by the distribution of these reservoirs.




4.4. Periodicity of Precipitation


The study showed that there were about 5-year, 10-year, 15-year, and 30-year cycles in the Huaihe River [72]. This was close to our findings. However, due to the difference of time series of rainfall data used, the 30-year cycle does not exist in our study. However, the other studies obtained 7–9 years as the major cycle and two years as the second cycle [66], which was different from our findings. WANG used the annual day and night rainfall as the basic data to study day/night precipitation cycle change, respectively [66]. Otherwise, we used the annual rainfall to get the cycle period rather than the only day or night rainfall. Another study demonstrated that the Yangtze-Huaihe meiyu period were 6–7 year and quasi-20-year periodical oscillations [73], which are due to the same reasons as above.



The Huaihe River basin is the climate transition zone between the north subtropical zone and the south extratropical zone of China [74]. Precipitation in this watershed is influenced by the variation of the transition zone position and ENSO [74,75]. There is an evident correlation between ENOS events and the abnormity of rainfall in the Huaihe River [76]. Some studies deemed that the rainfall periodicity was 20–25 year, and there was a positive correlation between summer precipitation and solar activities in the Huaihe River.




4.5. Advice for Management Implications in a Basin


Rainfall is the primary water source in the Huaihe River basin. According to the above analysis, the change of rainfall intensity, quantity, and pattern could cause the extreme events, such as drought and flood [77]. A shift in the storm track makes some regions wetter and the nearby-regions drier [78]. Thus, the spatio-temporal variability of rain across the watershed affects the flood control planning and comprehensive management. The precipitation increased significantly and changed unevenly remarkably in the Guohe River basin. Floods may be more likely to occur and we should strengthen the control measures and formulate the corresponding water resources utilization policy in the basin.




4.6. Future Challenges


Latitude, atmospheric circulation, sea-land distribution, ocean current, and topography are the main factors that affect the climate change. Local and regional variations in the feature of rainfall depend on the variability patterns of atmospheric circulation. Human activities, surface evaporation density, and latent energy also affect the precipitation changes [78]. However, we have not discussed and quantified the specific factors (i.e., temperatures, evaporations, land use changes and human activities) that are controlling the trends of rainfall. In the coming months, combined with the climate change, land use, and water conservancy facilities, our investigation needs to determine the factors that affect the dynamic changes of rain across the basin. Meanwhile, we could use the multi-factors regression analysis to obtain the primary and secondary factors. We could also study the data extrapolated in other watersheds to confirm the scientific merit of the study. Some scholars and researchers may worry about the accuracy and precision of extrapolation, so they may not have included that in their research. Indeed, it is a limitation. Thus, we could study the data extrapolated in other watersheds to confirm the scientific merit of the study. Additionally, we could use remote sensing data or more reference materials to prove the accuracy of the extrapolated data.





5. Conclusions


In this study, the precipitation series were used to detect the spatial distribution of temporal variation characteristics for the period 1961 to 2011 in the Huaihe River basin. Although the trend changes are not significant, the precipitation varied markedly. Its spatial distribution characteristics presented the evident difference as well. The entire basin was dominated by the slight increasing trends of inter-annual and inter-decadal precipitation, especially in the upper and middle reaches of the Huaihe River. But for the inter-annual rainfall, the change trend did not present at 95% confidence level in most of basin. For the inter-decadal, all trend changes are insignificant. The abrupt points were various in different periods. According to the proportion of abrupt area in the entire basin, we obtained nine chiefly abrupt points and three principal periods. The Cv value indicated that the spatial distributions of precipitation were heterogeneous and the randomicity were all of moderate variability.



Most previous studies concentrated on the trend, periodicity, and abrupt change of precipitation based on point data of a single meteorological station. However, our study extrapolated the single data across the watershed grid data. We obtained the rain variability characteristics from four sections: the trend, the abrupt change, the periodicity, and the randomicity. Our study could add needed value to the scientific community, especially to the basin where there is a lack of scientific literature to document. Meanwhile, our results could provide the scientific support for water resources management in river basins.
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