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The traditional drought and flood analysis method had not fully considered the proportion analysis of different drought and flood grades in the historical years of each rainfall station. This made results unconvincing and made it difficult to deeply understand the characteristics and applicability of various methods. Based on the daily rainfall data of 88 stations in Hainan Island from 1970 to 2019, the China-Z index and the Standardized Precipitation Index (SPI) were used to compare and analyze the spatial and temporal distribution characteristics of droughts and floods from three different time scales (flood season, non-flood season and the whole year). The results showed that both SPI and China-Z index can well reflect the actual drought and flood situations in Hainan Island. The analysis of the proportions of different drought and flood grades in the historical years of each rainfall station and regional historical drought and flood statistics suggested that the China-Z index had a better indication effect than SPI on the extreme drought and flood grades. The alternation of drought and flood between different eras were obvious. Hainan Island generally presented an east-west reverse drought-flood variation trend, as well as a north-south reverse drought-flood variation trend. The drought and flood in the central mountainous area of Hainan Island had been relatively stable. The distribution pattern of drought and flood had a good spatial consistency in the three periods. On the whole, Hainan Island had shown a trend of flood in the east and drought in the west in the past 50 years.
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INTRODUCTION
Drought, flood, hail, low temperature, and frost are the main types of agrometeorological disasters globally (Xu and Tang, 2021). Extreme hydrological events, such as drought and flood, are climate natural disasters that require special attention because of their greater impact on agriculture (Tirivarombo et al., 2018). Climate change is an important driver of flood and drought changes (Pei et al., 2013). Compared with floods, drought disasters develop slowly and are only recognized when people feel their effects (Vicente-Serrano and L´opez-Moreno, 2005). Floods have always plagued people, and the large expense has been invested in flood control. Drought and flood disasters will have a heavy impact on the development of agricultural production. In 1995 and 2015, about 2.3 and 1.1 billion people, were respectively affected by floods and droughts of varying degrees globally (Ward et al., 2020). Accurately identifying the changing laws of droughts and floods is very important for disaster prevention and control.
Defining the meaning and determining the index of drought and flood are the most critical issues in the study of drought and flood. The drought and flood index can clearly, simply and quantitatively evaluate the main characteristics of droughts and floods such as intensity, duration and spatial extent (Wu et al., 2001). Standardized Precipitation Index (SPI) calculations take into account only precipitation, which is simple, stable and widely used. The SPI was developed to monitor drought conditions in Colorado, the United States. Since 1995, the China-Z index (precipitation Z index) is adopted by the National Climate Center of China as a standard for analyzing and determining droughts and floods in a certain period (Zou et al., 2005). Scholars disagree on whether the SPI and China-Z indices have similar findings and which index is more responsive to regional drought and flood conditions (Yuan and Zhou, 2004; Mahmoudi et al., 2019; Zeybekoğlu and Aktürk, 2021). It is necessary to select China Z index commonly used in China and SPI commonly used in the world for comparative analysis, and select drought and flood monitoring index suitable for a region (Schipper and Smakhtin, 2008).
Many scholars have used a variety of methods and indices to study regional drought and flood disasters. Some studies only focus on a single index to study drought and flood disasters. For example, the China-Z index and wavelet analysis methods were used to analyze the multi-time-scale correlations between drought and flood index, annual runoff and the North Atlantic Oscillation (NAO) in the Tarim River headwaters in the past 50 years (Gao et al., 2017). The temporal and spatial distribution characteristics of typical annual droughts and floods in the Huai River Basin were analyzed by using IDW, P-III curve and SPI (Yan et al., 2014). Some studies have also conducted a comparative analysis of drought and flood indices including SPI and China-Z index (Jain et al., 2015). SPI, China-Z index and Z-Score (statistical Z-score) were used to study the drought and flood disasters in four regions of China from 1951 to 1998 (Wu et al., 2001). Their results showed that China-Z index and Z-Score provided SPI-like results on all time scales. Moreover, compared with SPI, the calculation of China-Z index and Z-Score is simpler. Mahmoudi et al. (2019) assessed the sensitivity of the drought index, a comparative analysis of 7 different drought indices including SPI and China-Z index was carried out. The results point out the China-Z index shows better matching. Although the SPI shows appropriate performance, the reliability of the results was not high. Overall, there are a variety of indices used to monitor drought and flood disasters and manage their risk. However, most of the previous studies used a single method to calculate the drought and flood index values, and lack of comparative study of several calculation methods (Wu et al., 2021; Zuo et al., 2022). This makes the results unconvincing and difficult to deeply understand the characteristics and applicability of various methods. Therefore, it is necessary to use different indices to compare and analyze the drought and flood disasters in the same study area.
The research on drought and flood index has achieved relatively rich results (Abiodun et al., 2022; Zhang and Wang, 2022). Drought and flood indices such as Palmer Drought Index (PDSI), China-Z index and SPI are widely used in drought and flood research in different regions (Xu et al., 2015; Zeybekoğlu and Aktürk, 2021). Although some studies have compared and analyzed the results of several methods, they have not fully considered the proportional analysis of different drought and flood grades in the historical years of each rainfall station (Adnan et al., 2017; Mahmoudi et al., 2019). This cannot guarantee the accuracy of drought and flood disaster assessment. In addition, other studies seldom combine the regional historical drought and flood statistics when conducting drought and flood analysis, resulting in greater uncertainty in the grade of drought and flood and its prediction.
Tropical regions have unique climatic and geographical features, but only a few scholars have conducted drought and flood studies in this region. Zhang et al. (2017) used the analytic hierarchy process and entropy method, combined with the disaster risk assessment model to analyze the drought and flood disasters in Hainan Island. It provides scientific guidance for reducing the risk of peppers suffering from major meteorological disasters. However, it has not been compared and verified by the drought and flood index. SPI and Mann-Kendall trend analysis were used to better assess the long-term meteorological drought intensity, frequency and variation trends in East Africa from 1920 to 2016 (Kalisa et al., 2020). Harishnaika et al. (2022) used SPI to analyze droughts in the Kolar and Chikkaballapura districts of Karnataka, results showed that droughts occurred frequently in specific years and seasons.
Few studies have compared and analyzed different drought and flood indexes in tropical China (Zhang et al., 2017). Yuan and Zhou (2004) pointed out that the China-Z index is closely related to the spatial and temporal distribution characteristics of precipitation, and the sensitivity to droughts and floods varies in different regions and at different times of the year. Moreover, few studies consider the influence of the unique geographical location and climatic conditions in tropical regions on drought and flood for flood season and non-flood season. Therefore, comparing the two methods of SPI and China-Z index and select the index that can better reflect the actual situation of local disasters in drought and flood research deserves further study. The flood season in Hainan Island is the most concentrated period affected by tropical cyclones. From the perspective of time scale, selecting the three time periods of flood season (May-October), non-flood season (November-April) and the whole year (January to December) to analyze drought and flood can better consider the climate and geographical characteristics of Hainan Island. The length of the flood season, the amount of precipitation and the intensity of the precipitation during the flood season directly affect the occurrence of disasters such as more floods and less droughts, which in turn affects agricultural production.
Therefore, this study uses the existing daily precipitation data to compare and analyze the application of the SPI and the China-Z index in identifying the spatial and temporal distribution characteristics of droughts and floods in Hainan Island. ArcGIS spatial analysis technology and Empirical Orthogonal Function (EOF) have been used to study the historical drought and flood disasters at different time scales (flood season, non-flood season and the whole year). The goals of this study were: 1) to use the China-Z index and the SPI to compare and determine more appropriate drought and flood index by analyzing the proportion of different drought and flood grades in the historical years of each rainfall station. 2) to analyze the temporal and spatial distribution of drought and flood in the flood season, non-flood season and the whole year in Hainan Island by using the EOF analysis and statistical methods. The study further revealed the temporal and spatial evolution characteristics and changing trends of droughts and floods in Hainan Island, which were of great significance to the agricultural development. Our study can provide a reference for the monitoring of drought and flood disasters in other tropical island regions.
STUDY AREA
Hainan Island (18°09'∼20°10′N, 108°37'∼111°03′E) is located in the northwestern part of the South China Sea, on the northern edge of tropical Asia (Lin et al., 2021). Its area is about 33,900 km2, adjacent to Qiongzhou Strait and Beibu Gulf waters. Hainan Island is characterized by a radial water system, mainly originating from the high-altitude mountainous areas in the central part (Zhang et al., 2020). The terrain of the island gradually rises from the coast to the inland from the plain to the rolling hills and mountains (Wong et al., 2021). The three major rivers in Hainan Island are Nandu River, Changhua River and Wanquan River (Wu et al., 2017). Hainan Island has a tropical maritime climate with no cold winters and an annual average temperature between 22.8–25.8°C (Zhang et al., 2013). Its dry and wet seasons are obvious. The climate zone can be divided into humid, semi-humid and semi-arid regions, with annual rainfall ranging from 1,500 to 2,500 mm.
Hainan Island is an important area for studying tropical climate and environmental changes (Yao et al., 2008). At present, the area of agricultural land is 2.97*104 km2, accounting for 83.8% of the total land area. The development of agriculture is limited by the amount of water. In recent decades, the runoff and sediment flow of the three major rivers in Hainan Island has decreased due to human activities such as farmland irrigation, dam construction and estuary dredging (Yang et al., 2013). Agricultural production in Hainan Island such as rubber and tropical fruits is a globally important source. However, droughts and floods have had a huge impact on tropical agricultural production. It is of great significance to the agriculture of Hainan Island to analyze the spatial and temporal distribution characteristics of drought and flood disasters.
METHODOLOGY
China-Z index
In order to characterize the occurrence degree of drought and flood and better reflect its distribution, 88 rainfall stations (complete with no missing daily rainfall data) were selected that relatively evenly distributed throughout Hainan Island from 1970 to 2019 (Figure 1). The above rainfall station data is provided by the Hydrological and Water Resources Survey Bureau of Hainan Province. China-Z index can better characterize the spatial distribution pattern of droughts and floods (Ju et al., 1998; He et al., 2014). The analytical effect of China-Z index is closely related to the deviation coefficient, the larger the deviation coefficient is, the better the analytical result of China-Z index is, and the more it can reflect the degree of drought and flood (Ju et al., 1998). By normalizing the precipitation data, the Person-III distribution is transformed into a standard normal distribution with China-Z index as a scalar (Wu et al., 2001). The formulas for calculating the China-Z index are as follows (Ju et al., 1998).
[image: image]
[image: image]
[image: image]
[image: image]
in the formulas, σ is the standard deviation of the precipitation series, n is the number of observations, φi is the standard variable, and Cs is the deviation coefficient.
[image: Figure 1]FIGURE 1 | Geographical location, elevation and rainfall stations distribution of Hainan Island.
Standardized precipitation index
The Standardized Precipitation Index was developed to monitor drought conditions in Colorado, the United States (McKee et al., 1993). It has an important feature that cannot be achieved by the other typical drought-flood index. It can be used to detect drought and flood periods on different time scales (Wu et al., 2001). Moreover, it is sensitive to changes in drought and flood, and can eliminate the differences in the spatial and temporal distribution of precipitation. But the calculation of SPI requires no missing data in the time series. The length of the data records is required to be at least 30 years. In order to obtain the cumulative probability, this method fits the precipitation data series into a gamma probability density function, and then normalizes it to obtain the SPI value (Tirivarombo et al., 2018; Bouaziz et al., 2021). The SPI value can be calculated as follows:
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In the above formulas, H(x) is the cumulative probability, c0=2.515517; c1=0.802853; c2=0.010328; d1=1.432788; d2=0.189269; d3=0.001308. The drought-flood grade values of China-Z index and SPI are shown in Table 1 (McKee et al., 1993; Ju et al., 1998; Hayes et al., 1999).
TABLE 1 | China-Z index and SPI drought and flood grade classification.
[image: Table 1]Empirical orthogonal function analysis
Empirical Orthogonal Function analysis (EOF), also known as Principal Component Analysis. It was first proposed by Lorenz in 1956 (Lorenz, 1956). It is a data decomposition method that uses a series of orthogonal basis functions and correlation coefficients to represent the original data. It is used to study the temporal variability of large-scale data, and is one of the preferred methods for analyzing the main components of temporal and spatial changes in the meteorological field (Li et al., 2018). It transforms observations of potentially correlated variables into a set of mutually orthogonal variables. With this transformation defined, the first EOF will explain the largest variability in the dataset, with each subsequent EOF accounting for a lower proportion (Zhou et al., 2019). The variables of the EOF field X generally have three forms: the original variable field, the abnormal field of the original variable and the normalized field of the original variable. For detailed calculation steps, please refer to (Duan et al., 2016).
Mann-Kendall trend test
Mann-Kendall trend test (Mann, 1945; Kannel et al., 2007) has been widely used to assess the significance of trends in time series of climatological, meteorological and hydrological data (Kisi and Ay, 2014). The standard normality test statistic is ZS. In this study, significance levels α = 0.1, α = 0.05 and α = 0.01 were used. If 1.96>|ZS|≥1.28, a 10% level of significance is reached. If 2.576>|ZS|≥1.96, a 5% level of significance is reached. If |ZS|≥2.576, then a 1% level of significance is reached.
RESULT ANALYSIS
Comparison of SPI and China-Z index in the application of drought and flood classification
The China-Z-index and SPI values were first calculated uniformly for each month of each year for 50 years, and then divided into the corresponding time ranges of flood, non-flood, and year-round periods for further analysis. And according to Table 1, the drought and flood grades for each station of Hainan Island were classified. Based on the drought and flood grades for a single station, the ratio of the number of stations for each drought and flood grade to the total number of stations in Hainan Island was calculated and compared, and the actual drought and flood conditions were analyzed accordingly. Due to space limitations, the results of the two methods on the ratio of the number of stations to the total number of stations under each drought and flood grade in the past 50 years are not shown in the text.
In order to compare the difference between SPI and China-Z index in the drought and flood grades. The difference in the ratio of the number of stations under various drought and flood grades to the total number of stations in Hainan Island is called the degree of difference. The results show that, in terms of the whole year, for the seven drought-flood grades obtained by the SPI and China-Z index respectively in the past 50 years, the ratio of each grade stations to the total stations is not much different. There is a certain degree of difference between the two methods in the division of the same drought/flood grade in different periods (flood season, non-flood season and the whole year) and different drought/flood grades in the same time period. In terms of different time periods, the degree of difference between the drought and flood grades in the flood season and the non-flood season is relatively large, and the difference in the whole year is small. For a certain drought-flood grade, the degree of difference between extreme flood, extreme drought, severe flood and severe drought is greater than that of near normal, partial flood and partial drought. This may be related to the frequency of occurrence of each grade of drought and flood. Compared with other drought-flood grades, extreme drought-flood grades are more numerous and the annual occurrence frequency is unstable, and the degree of difference is large. Overall, the two methods of SPI and China-Z index have little difference in the classification of drought and flood in Hainan Island, and the calculation results have good consistency.
The two methods are also consistent in responding to the alternating drought and flood events. In the past 50 years, the alternation of drought and flood in Hainan Island is obvious, and the extreme floods years obtained by the two methods are more than extreme drought years. In the 1970s, the alternation of drought and flood was obvious based on China-Z index. The 1980s was a drought period, with 3 years of severe drought and 3 years of extreme drought. In the 1990s, except for three normal years, drought and flood alternated in other years. There was flood in the first 2 years of the 2000s, 6 years of drought in the mid-to-late 2000s, and flood in the last 2 years. In this era, the 4-year drought obtained by the SPI was different from the 6-year drought obtained by the China-Z index, but the overall change was the same. In the 2010s, it was a flood period, with 6 years of extreme flood. It can be seen that the alternation of drought and flood in Hainan Island is complex, and it is more common to change from drought to flood or from flood to drought. Therefore, it is imperative to prevent flood after droughts and prevent droughts after floods.
The proportion of the 88 stations that belong to 7 drought-flood grades in the extreme flood years in flood season, extreme flood years in the whole year, and extreme drought years during non-flood season were obtained, respectively (Tables 2–4). Two methods were used to screen the classification results of drought and flood grades of each station in different periods from 1970 to 2019, and the specific years in the tables were obtained. It can be seen that the number of years with extreme flood throughout the year is more than in the years with extreme flood during flood season and extreme drought in non-flood season. Moreover, the extreme flood years during the flood season overlapped with the extreme flood years in the whole year for as much as 5 years. It shows that the flood season and the whole year have good consistency in the classification of extreme drought and flood. On the whole, for the extreme flood in the same year (level 1), the number of stations calculated by China-Z index is more than SPI in the two periods of extreme flood years in flood season and extreme flood years in the whole year. This is particularly evident in the flood season. However, for the same year of severe flood (level 2), the proportion of SPI stations were higher than that of the China-Z index. It is worth noting that in the 5-year overlap between the extreme flood years in the flood season and extreme flood years in the whole year, both have the same value for 2 years. Although in the calculation of the number of stations in extreme drought years in non-flood seasons, the SPI exceeds the China-Z index. However, the China-Z index screened out more accurate years than the SPI in all three time periods and is in line with the historical record year. The China-Z index has good sensitivity for the identification of extreme drought and extreme flood years in the classification of extreme droughts and floods in Hainan Island (Wu et al., 2001; He et al., 2014).
TABLE 2 | Comparison of station ratio in extreme flood years in flood season (%).
[image: Table 2]TABLE 3 | Comparison of station ratio in extreme floods year in the whole year (%).
[image: Table 3]TABLE 4 | Comparison of station ratio in extreme drought years in non-flood season (%).
[image: Table 4]Spatial distribution analysis of extreme drought and flood occurrence probability based on coefficient of variation
The coefficient of variation can better reflect the stability of precipitation. In this study, the coefficient of variation of each station in the past 50 years was calculated. In order to reflect the characteristics of drought and flood, the average precipitation of Hainan Island over the past 50 years was also calculated and compared with the annual variation coefficient. Spatial distribution of annual average rainfall (Figure 2) and coefficient of variation (Figure 3) were obtained by IDW spatial interpolation. On the whole, the rainfall gradually decreased outward from the high-value (2,429–3,274 mm) areas distributed in Qiongzhong, Wanning and Qionghai City. The areas with less precipitation are mainly located along the western coast (1,161–1,584 mm). Changjiang, Danzhou and Dongfang City in the western coast all have high value distributions of coefficients of variation ranging from 0.74 to 0.87. Therefore, the inter-annual variability in precipitation is large in this region, and the probability of drought and flood is high. The coefficient of variation is small in most areas of Hainan Island except for the east and west coasts, ranging from 0.54 to 0.67. Precipitation is usually in the range of 1,607–2,131 mm. The central region has large rainfall, small inter-annual variation and good stability. It is worth noting that the distribution of high-value areas of precipitation (2,429–3,274 mm) is similar to that of high-value areas of the coefficient of variation (0.79–1.15). These areas have high precipitation and a large coefficient of variation. The regional inter-annual variation is small, the stability is poor, and the probability of droughts and floods is high. Most of the above-mentioned areas with high probability of drought and flood are located in coastal agricultural planting areas. Drought and flood disasters will threaten the growth of crops.
[image: Figure 2]FIGURE 2 | Spatial distribution of annual average rainfall in Hainan Island.
[image: Figure 3]FIGURE 3 | Spatial distribution of coefficient of variation in Hainan Island.
Spatial distribution characteristics of drought and flood based on EOF analysis
An EOF analysis was carried out on the China-Z index of 88 stations in three periods of flood season, non-flood season and the whole year (Figure 4). It can quantitatively describe the spatial distribution characteristics of droughts and floods in the past 50 years and can reveal the complexity of the spatial distribution of droughts and floods in Hainan Island. The North criterion test (North et al., 1982) found that the first four modes in both flood season and non-flood season have passed the North test. But on the annual time scale, only the first three modes passed the North test. Therefore, in order to better analyze the spatial distribution characteristics of droughts and floods in the three time periods, the first three modes were selected uniformly for analysis. During the flood season, the first three eigenvectors of Hainan Island accounted for 61.44% of the total variance. The first eigenvector field accounts for 46.97% of the total variance and is a uniform positive distribution. This reflects that the spatial distribution of drought and flood has an overall consistent change trend. The high-value areas are distributed in Wanning on the eastern coast, and gradually decrease outward from the whole. The low-value areas are mainly located in the western coastal areas of Ledong, Danzhou and other places, and there are also scattered distributions in the central mountainous areas. The second eigenvector field accounts for 8.63% of the total variance. The northern and southern parts of Hainan Island have opposite variation characteristics. There are negative values distributions in the areas above the central part of Hainan Island. The positive value gradually decreases outward with Baoting as the center. It shows the opposite trend of drought and flood in north and south. The third eigenvector field accounts for 5.84% of the total variance, and the east and west showed opposite drought and flood changes.
[image: Figure 4]FIGURE 4 | Spatial distribution of EOFs of the first three eigenvector fields in the flood season (A–C), non-flood season (D–F) and the whole year (G–I) in Hainan Island.
The first three eigenvectors of Hainan Island in non-flood season accounted for 67.67% of the total variance. The first eigenvector field accounts for 54.55% of the total variance, with a uniform positive distribution. The value gradually increases from the western coastal area to the eastern area. The high-value regional center is located in Qiongzhong. The second eigenvector field accounts for 8.04% of the total variance, and its distribution shows a decreasing trend from southwest to east. It reflects that there are still differences in the spatial distribution of droughts and floods in the eastern and southwestern regions of Hainan Island during non-flood season. High values are concentrated in Changjiang, Dongfang, Ledong and Sanya, while low values are distributed in Qiongzhong and Wanning. The third eigenvector field accounted for 5.07% of the total variance, and the high value gradually decreased to the southwest and northeast from Qiongzhong as the center. The low value is most distributed in Haikou. This is similar to the undulating terrain features of Hainan Island, indicating that rainfall is affected by terrain, which affects the occurrence of droughts and floods.
The top three eigenvectors of Hainan Island accounted for 64.54% of the total variance in the whole year. The first eigenvector field accounts for 51.32% of the total variance and is a consistent positive distribution. High values are mainly distributed in the eastern coastal area. Similar to the first characteristic field in the flood season, Wanning has a maximum value. From the eastern coast to Dongfang City and the Changjiang County, the high-value areas show a decreasing trend. The second eigenvector field accounts for 8.05% of the total variance. The main trend is that the high value gradually decreases from the junction of Wuzhishan, Baoting and Ledong to the northernmost area of Haikou in the northeast. Similar to the trend of the second eigenvector field in the flood season, it reflects the difference of the north-south reverse change. The third eigenvector field accounts for 5.17% of the total variance. Lingshui, Wanning, and Qionghai are densely distributed areas with high values, which gradually decreases towards the northwest coast of Danzhou. The opposite trend of change from the east coast to the northwest coast is formed.
Analysis of temporal and spatial variation trends of drought and flood by Mann-Kendall trend test
Since the China-Z index can better reflect the situation in historical drought and flood. The Mann-Kendall trend test was performed on the flood season, non-flood season and annual drought and flood grades of each station in the past 50 years based on the China-Z index. This results in a 50-year trend value for all stations in the three periods. IDW spatial interpolation was performed on the trend values, with negative values representing a drought trend and the positive values representing a humid trend. Further analysis of the temporal and spatial variation characteristics of drought and flood grades in Hainan Island is shown in Figure 5. During the flood season, almost all areas of Hainan Island are in a situation where the trend of drought and flood is not obvious. The distribution of the drought trend belt is relatively small, and only distributed in scattered points along the central region. The humid trend belt spreads to a small part of Lingshui, Ledong and Sanya with Baoting as the center. In addition, it also has obvious distribution in Lingao, Chengmai and Ding’an, and the distribution range in Qiongzhong is relatively small. During the non-flood season, there is only a drought trend belt of 34.34 km2 in the coastal area of Sanya. There are many areas where the humid trend belt reaches the 0.1 significance test, and it is distributed from the west coast to parts of the central, southern and eastern parts. The regions reaching the 0.05 and 0.01 trend significance tests are close to each other and are more concentrated in the central region. In the whole year, it is evident that relatively broad areas display a non-significant trend. The drought trend belts in the whole year almost coincide with the drought trend belts in the non-flood season, with an area of 30.99 km2. The humid trend belts in the whole year are mostly distributed in the central mountainous area. All three time periods have a distribution of humid trend belts in the area centered in Baoting.
[image: Figure 5]FIGURE 5 | Spatial and temporal distribution of drought and flood trends in Hainan Island.
DISCUSSION
The applicability of China-Z index and SPI to the classification of drought and flood in Hainan Island
China-Z index and Standardized Precipitation Index have shown good results in the classification of drought and flood in different regions. There is not only one method that can be used to classify the grade of drought and flood in a certain area. This study compares China-Z index and SPI, which are widely used in China’s domestic drought-flood index to indicate the grading of drought and flood in Hainan Island. And it is found that, compared with SPI, China-Z index does have a good indication effect on the classification of drought and flood in Hainan Island. According to the China Meteorological Disasters Ceremony Hainan (Wen and Wu, 2008) records, in 1977 Hainan Island occurred since the liberation of the longest, most extensive, the most seriously affected drought disaster. In 2005, another large area of four-season continuous drought occurred across the island. Both of these years have been classified as non-flood season extreme drought years in Table 4. And they were screened out by China-Z Index and SPI at the same time. However, in 1983, droughts occurred widely in 19 cities and counties on the island, and in 1987, droughts occurred in 11 cities and counties in the whole island in autumn, winter and spring. When screening the extreme drought years in the non-flood season, these 2 years were only screened out by the China-Z index.
According to the records of the Chinese Meteorological Disaster Ceremony Hainan (Wen and Wu, 2008), flood disasters occurred in different temporal and spatial in 1978, 1990, 1997 and 2000 respectively. The above-mentioned years all existed in the results of screening the years with extreme flood throughout the year. Among them, 1978 is the overlapping year of extreme flood year throughout the year and extreme flood year during the flood season. In the screening of years with severe floods during the flood season, only the China-Z index screened out the year 1990. In the screening process of these two periods, only the China-Z index screened out the year 2000. In summary, the classification of drought and flood in this study is in good agreement with the actual disaster situation. This is because parameters such as deviation coefficient and criterion variable (Eq. 4) are involved in the calculation process of China-Z index (He et al., 2014). It can better take into account the temporal and spatial distribution of rainfall (Yuan and Zhou, 2004). For extreme precipitation, the larger the deviation coefficient, the better the analysis effect of China-Z index, and the better it can reflect the degree of extreme drought and flood.
Cause analysis of high probability areas of drought and flood based on coefficient of variation
By comparing the temporal and spatial distribution of the coefficient of variation and the annual average precipitation from 1970 to 2019, the areas with a high probability of drought and flood were analyzed. In conclusion, Changjiang, Danzhou and Dongfang have a higher probability of drought. Wanning, Qiongzhong, and Baoting are more prone to floods. The coastal areas of Hainan Island are mostly urban agglomerations, with low terrain and dense population. Once a flood occurs, it is easy to induce the problem of urban waterlogging. The drought-prone area is located in the west of Hainan Island, which is affected by the dual influence of terrain and rainfall, posing a threat to agricultural production and domestic water.
The cause analysis of the high probability area of drought and flood is as follows: 1) It can be seen that the coefficient of variation of precipitation in Changjiang is between 0.79 and 0.91, the precipitation is less, the spatial and temporal distribution is uneven, and there is seasonal water shortage (Figures 2, 3). Meteorological statistics show that the annual average precipitation in Changjiang is 1,345.5 mm. It is much lower than the average annual precipitation in Hainan, and the seasonal contradiction between supply and demand is particularly prominent. The regional distribution of precipitation is obvious, with Yuetian Town as the boundary, there is little precipitation in the western coastal areas, and sufficient precipitation in the eastern mountainous areas (Li et al., 2019). In addition, the Wuzhishan Mountains affect the atmospheric circulation, the western part is dry and less rainy, and the evaporation is greater than the precipitation. 2) Danzhou and Dongfang were also influenced by the Wuzhishan Mountains in the middle. Among them, Danzhou is blocked by mountains, leeward, and adjacent to Gulf. The wind speeds are high, which increases evaporation. Dongfang has a large population and little precipitation, and the contradiction between supply and demand is prominent. The average annual precipitation is 1,100 mm, and the evaporation is 2,000 mm. To sum up, Changjiang, Danzhou and Dongfang regions have large coefficients of variation, less precipitation, large inter-annual variability, and a high probability of drought. 3) Wanning is affected by topography, and many places are low-lying. In the urban area of Wancheng, the flooding phenomenon is the most prominent. Coupled with the inversion of the small sea in its area, the low-lying areas were flooded, resulting in waterlogging and stagnant water disasters. In addition, it is sometimes susceptible to the influence of the easterly jet stream, cold air and tropical depression, etc., causing it to continue to rain heavily. 4) Qiongzhong is high in the southwest and low in the northeast. It has a developed water system and many mountain peaks. It is affected by the southeast wind direction, and the precipitation is deposited in the northeast and southeast regions. In the above-mentioned areas, there is more precipitation, and the coefficient of variation is too large, even between 1.03 and 1.15, so the probability of flooding is high.
Analysis of the causes of spatial distribution variation trends based on EOF
By analyzing the spatial distribution of the first three eigenvector fields of the EOF during the flood season, non-flood season and the whole year in Hainan Island. It can be seen that there is a north-south reverse change difference and an east-west reverse change difference. The variance values are higher in the south and east, and lower in the north and west. 1) The reason for the opposite changes of drought and flood in the east and west are as follows: Typhoons are an important cause of floods in Hainan Island. The eastern part of Hainan Island is a high-incidence area for typhoons to land. Meteorological forecasters from Hainan Provincial Meteorological Bureau counted the number of typhoons that made landfall in different typhoon landfall areas. From 1950 to 2011, there were 145 typhoons in Hainan Island, including 116 in the east, 48 in Wenchang, 27 in Qionghai and 41 in Wanning (Zhao et al., 2019). The reason from the analysis of the typhoon’s path is that Hainan Island is on the westward moving path of the tropical cyclone in the Northwest Pacific (Liu and Wang, 2016). Typhoons mostly form in the ocean near the Philippines, which is close to the South China Sea. And mostly move to the northwest, after driving straight into the South China Sea, it is the first to enter the eastern part of Hainan Island. In terms of topography, the western part of Hainan Island is located on the leeward slope of the southeast monsoon. Therefore, during the year, there is less rain in the west. On the contrary, the east is the windward slope, and the eastern part has more precipitation than the western part. Therefore, floods often occur in the east, but droughts rarely occur, and the degree of drought and flood changes is large. The western region has always been in a relatively dry climate. 2) There are obvious regional differences in the climate between southern and northern Hainan Island. Hainan Island is affected by the southeast monsoon from the Pacific Ocean and the southwest monsoon from the Indian Ocean in summer, and the northeast monsoon from inland in winter. The difference between the monsoon in the flood season and the non-flood season caused by climate change, coupled with the influence of the central mountain range, the north and south droughts and floods show opposite trends. In addition, the central region is relatively rich in precipitation, but has good water retention capacity and has been in a relatively stable state.
Drought and flood prevention suggestions
Targeted prevention and control suggestions are put forward for the above-mentioned areas with more droughts and floods. (1) Changjiang suffers from frequent droughts, but it has Changhua River, Zhubi River, Shilu Reservoir and Daguangba Reservoir. Therefore, the water storage capacity can be improved by connecting the water system, thereby alleviating the uneven distribution of water resources in time and space. (2) The governance of Xiaohai Lake in Wanning is imminent. The hydrodynamic force of Xiaohai Lake should be restored and strengthened, ponds should be returned to lakes, and the capacity of urban and rural flood control and drainage should be improved. (3) For the floods in Qiongzhong, soil and water conservation should be strengthened, water storage capacity should be improved, and more vegetation with strong water conservation capacity should be planted. (4) For typhoon-prone areas, it is necessary to do a good job in the supervision of water conservancy projects, dredging river channels, constructing flood diversion channels, and building flood storage and detention areas. Meanwhile, for crops such as rice and vegetables, preventive measures should be taken before typhoons and rainstorms.
CONCLUSION
Based on the daily rainfall data of 88 stations in Hainan Island from 1970 to 2019, two methods of SPI and China-Z index were used to compare the classification of flood season, non-flood season and annual drought and flood grades. In addition, the proportion of different drought and flood grades in the historical years of each rainfall station was analyzed. The temporal and spatial evolution characteristics and changing trends of droughts and floods in Hainan Island in the past 50 years were also discussed using the coefficient of variation and EOF analysis, and the following main conclusions were drawn:
(1) The difference between the drought and flood grades obtained by the two methods (SPI and China-Z index) in the flood season, non-flood season and the whole year are small, and both can well reflect the historical drought and flood conditions in Hainan Island.
(2) The China-Z index has good sensitivity for the identification of extreme drought and extreme flood years in the classification of extreme droughts and floods in Hainan Island. The classification results of China-Z index are consistent with historical disaster statistics.
(3) In the past 50 years, the alternation of drought and flood has been obvious in different years. In general, there are more flood years than drought years. Droughts in Changjiang, Danzhou and Dongfang are more likely to occur. The Wanning, Qiongzhong and Baoting have a higher chance of flooding. This is consistent with the reverse trend of drought and flood in the east and west through EOF analysis. In addition, there is a reverse trend of drought and flood in the north and south.
(4) The first three eigenvectors of Hainan Island in the flood, non-flood and the whole year periods accounted for 61.44%, 67.67% and 64.54% of the total variance of the respective periods. The location of drought trend belt in the non-flood season is similar to that of the annual drought trend belt. The regions that reached the 0.05 and 0.01 trend significance tests have a concentrated distribution in the central region. In Baoting, the humid trend belts reached a significance level of 0.01 for all three periods.
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