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Abstract

:

Global climate change, especially extreme drought events, presents a complicated challenge to humanity and Earth’s system in the 21st century. As an extremely important carbon sink region in China, Southwest China has encountered frequent drought disasters in recent decades. It is critical to explore the frequency, duration, severity, and other associated characteristics of drought events as well as their spatial and temporal patterns in the region from a long-term perspective. In this study, we used the latest dataset from the Spanish National Research Council (CSIC) between 1901 and 2018 to extract all drought events by calculating the standardized anomaly of the Standardized Precipitation Evapotranspiration Index (SPEI). Theil–Sen median trend analysis, the Mann–Kendall test, and the moving t-test were used to reveal the spatial trend and mutation point of drought severity. The results showed that (1) The standardized anomaly of the 3-month SPEI can accurately identify drought events in Southwest China. In total, 72 drought events occurred during this period, of which the consecutive drought in autumn, winter, and spring from 2009 to 2010 lasted the longest, having the most substantial severity and the most extensive damage range. (2) Drought events mainly started in spring and early summer and ended in autumn and winter. The distribution of drought was the most expansive and the drought severity was the most serious in September. (3) In terms of spatial pattern, Guangxi has the highest frequency of drought events, with some areas experiencing up to 100 events. The average duration of drought events ranged between 3.5 and 5.5 months, with most lasting for 4–5 months. The most severe drought areas are mainly concentrated in southern Sichuan and western Yunnan. Overall, the severity of drought events in the west were generally higher compared to that in the east. (4) Over the past 120 years, most of the region (82.46%) showed an increasing trend in drought severity, with a slope of up to −0.01. About 15.12% of the areas exhibited a significant drying trend (p < 0.05), particularly in southern Sichuan, eastern Guizhou, and northern and southern Yunnan. Such analyses can serve as a scientific foundation for developing drought prevention and mitigation measures as well as exploring how drought events affect the structure and function of terrestrial ecosystems in Southwest China.
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1. Introduction


Climate change can lead to changes in vegetation productivity, which can affect the pattern, structure, and function of terrestrial ecosystems [1,2,3,4]. With the intensification of global climate change, high temperature, heavy rain, drought, and other extreme climate events occur frequently [5]. Among these events, droughts are the most destructive natural disaster, which immediately impact the water balance of specific area and have a direct effect on the natural environment of society and the sustainable development of the human economy [6,7,8] From 1980 to 2009, the mean yearly financial damage caused by global droughts was USD 17.33 billion. The amount escalated to USD 23.125 billion from 2010 to 2017, surpassing the costs of other meteorological calamities by a significant margin [9]. Recent studies suggested that extreme weather events such as droughts will intensify over the course of the century in the context of climate change [10,11,12,13,14]. Regarding this fact, drought monitoring and assessment has attracted attention from scientists and government institutions worldwide across various fields [6,15,16]. Therefore, the utilization of long-term time series data to evaluate the spatiotemporal characteristics of drought is of critical importance in reducing the impact of drought and effectively managing associated risks.



The sixth assessment report of the Intergovernmental Panel on Climate Change (IPCC) working group I has provided a precise definition of drought, which is characterized by lower than average humidity conditions leading to a shortage of water resources, causing harm to various natural and economic sectors [17]. The latest IPCC definition distinguishes four categories of drought: meteorological drought, agricultural (soil moisture) drought, hydrological drought, and socioeconomic drought. Meteorological drought is the most commonly occurring type of drought and frequently serves as a precursor to other forms of drought [18]. Currently, global and regional drought monitoring is generally carried out by employing the drought index [19]. How to choose an appropriate drought index serves as the foundation for monitoring regional drought conditions [20]. Three widely used drought indices include the Palmer Drought Severity Index (PDSI) [21], Standardized Precipitation Index (SPI) [22], and Standardized Precipitation Evapotranspiration Index (SPEI) [23]. SPEI was developed by incorporating potential evapotranspiration into the construction of the SPI index. Compared with the traditional indices, SPEI has unique advantages, making it a valuable tool for monitoring drought globally. By combining the strengths of PDSI and SPI, SPEI incorporates the impact of both temperature and precipitation on drought. It maintains PDSI’s sensitivity to changes in evapotranspiration and offers the simplicity of SPI’s calculation with the ability to analyze drought over multiple time scales. Therefore, SPEI is highly suitable for large-area monitoring the characteristics of drought events under the context of climate change [19,24].



Persistent severe droughts have afflicted large areas of China on various time scales in recent decades, with an escalation in both frequency and severity of such drought events [25,26]. Southwest China has been predicted to be the most drought-prone region under current and future climate scenarios, especially due to its extensive karst topography that makes it difficult to keep water in the soil [27,28,29]. At present, much research has been conducted on the temporal and spatial characteristics of drought in Southwest China using different analysis methods. For example, Li et al. [30] used SPEI to demonstrate a drying trend in Southwest China, with a noteworthy reduction in average values from 1980 to 2012, and indicated that SPEI outperformed SPI slightly. Based on data from 142 meteorological stations, Jia et al. [31] computed the daily SPEI for both annual and seasonal time scales and revealed that Southwest China experienced a rising trend in the regional average drought severity as well as all-drought. Tang et al. [32] combined meteorological and hydrological data with historical drought records and demonstrated that the occurrence of drought events rose in frequency in the 21st century. Notably, the southern region of Southwest China has been plagued by severe droughts. These findings have important implications for using SPEI to reveal the spatiotemporal features of drought evolution in Southwest China. However, since there were few meteorological stations in West China before 1950, most research focused on the post-1949 period. Thus, research has lacked extraction and analysis of historical drought events.



Therefore, on the basis of the SPEI dataset from 1901 to 2018, this study aimed (1) to capture all drought events in Southwest China over the past 120 years and quantitatively describe the severity, starting and ending months, and duration of each drought event; (2) to investigate the spatial patterns of drought events, including frequency, duration, and severity; and (3) to reveal the spatiotemporal trends of drought severity in the region as well as relevant significance level. These analyses will enhance our understanding of the evolution of drought characteristics in Southwest China, which is helpful for developing efficient drought prevention and mitigation strategies.




2. Data and Methods


2.1. Study Area


The study area, which encompasses approximately 1.37 × 106 km2 of Southwest China extending from 20°54′N to 34°19′N and from 96°21′E to 112°04′E, is composed of five provinces, namely, Sichuan, Yunnan, Guizhou, Guangxi, and Chongqing (Figure 1). With diverse terrain and topographical disparities, the area borders the Qinghai–Tibet Plateau to the west, the Sichuan Basin to the east, and the Yunnan–Guizhou Plateau to the south [33]. The region has a subtropical monsoon climate, which is characterized by annual mean temperature between 14 °C and 24 °C and total precipitation between 600 mm and 2300 mm. The natural rainfall exhibits a decreasing spatial trend from southeast to northwest, attributable to the influence of complicated topography. Moreover, the seasonal distribution is extremely uneven, with hot and humid summers and cold and dry winters, and 80–90% of precipitation occurring in May–October and 10%–20% in November–April [34]. Recently, drought events occurred frequently in this region, which can be linked to the exacerbation of global climate change.




2.2. Data


The gridded SPEI dataset (SPEIbase v2.6) used is derived from the Spanish National Research Council (CSIC) (https://digital.csic.es/handle/10261/202305 (accessed on 8 October 2021)), covering the global continents (excluding Antarctica) spatially with a spatial resolution of 0.5° and ranging from 1901 to 2018. The SPEI dataset, which spans a time range of 1 to 48 months, displays the cumulative water surplus or deficit over the 1 to 48 months previous. It is therefore appropriate for describing different types of drought events. In this study, we utilized the 3-month SPEI (indicated as SPEI3) to identify drought events. Such time scale has been demonstrated to be effective to characterize short-term fluctuations in soil moisture conditions [35,36]. Furthermore, Li et al. [37] have demonstrated that SPEI3 can accurately depict the spatial and temporal distribution of seasonal drought events in Southwest China.




2.3. Methods


2.3.1. Identification of the Drought Event


This study employed the monthly SPEI3 to detect the onset, end, duration, and severity of the drought events in Southwest China between 1901 and 2018. Furthermore, the standardized anomaly of SPEI3 (    S A   S P E  I 3     ) was calculated for the specific month ( t th month) within the drought period for each grid cell:


    S A   S P E  I 3    =   S P E  I 3  i , t   −   S P E  I 3  i , t    ¯    δ   S P E  I 3  i , t         t = 1 , 2 , … , 12      











The nondimensional index     S A   S P E  I 3      is used to uncover the standard deviation of SPEI3 in a particular month from its mean value over several years during the reference period of 1901–2018. Here,   S P E  I 3  i , t     refers to the value of SPEI3 for the  i th grid in the  t th month during a drought event, and     S P E  I 3  i , t    ¯    denotes the average value of SPEI3 for the  i th grid in the  t th month throughout the study period (1901–2018). The standard deviation (SD) of SPEI3 for the  i th image in the  t th month over the reference period [37,38] is represented by   δ   S P E  I 3  i , t      .



On this basis, the     S A   S P E  I 3      was initially subjected to a 3-month moving window smoothing technique as proposed by Saft et al. [39]. Through this smoothing method, a long and continuous dry period can be avoided from being unreasonably interrupted by a single humid month. As a result, the smoothed     S A   S P E  I 3      can accurately detect the beginning and end of drought occurrences. Figure 2 demonstrates how drought onset and end are identified using     S A   S P E  I 3     . The first month with     S A   S P E  I 3      below the −0.5 threshold (orange triangle) is considered to be the beginning of a drought, while the first month with     S A   S P E  I 3      upcrossing the same threshold (inverted orange triangle) is considered to be the end of the drought. The selection of the threshold is in line with previous research [37].




2.3.2. Characterization of Drought Events with Run Theory


Yevjevich’s run theory [40] offered an effective approach to extract drought characteristics, including parameters such as duration, severity, and frequency to characterize each event. The part of the drought time series with values above or below the threshold is referred to as a “run”, denoting a positive or negative run, respectively [41]. According to run theory, the drought frequency is the number of events (N) when the     S A   S P E  I 3      is below the threshold level, and the drought duration is the period of time when the     S A   S P E  I 3      is consistently below the threshold. The severity of drought event is determined by the mean of     S A   S P E  I 3      multiplied by the duration of each drought event (  S =     S A   S P E  I 3     ¯  × duration  ). This approach has been widely implemented in previous studies conducted across multiple regions worldwide [42,43,44,45,46].




2.3.3. Trend Analysis


This study used the Theil–Sen median slope estimation to calculate long-term trend in the severity of drought events in Southwest China between 1901 and 2018, followed by a Mann–Kendall (M–K) trend test [47] to determine the significance of the changing tendency. Compared to linear regression, Sen slope estimation is a nonparametric statistical trend analysis method. The method is computationally efficient and suitable for trend analysis of long-time series. The formula is as follows:


  s l o p e = M e d i a n      x j  −  x i    j − i     ∀ j > i  








where   M e d i a n ( )   represents the median value;  i ,  j  are the number of time series; and    x i   ,    x j    represent the severity value of the  i ,  j  time pixels, respectively.   s l o p e > 0   indicates an upward trend of the time series, representing a wetting trend; the opposite is an aggravating trend. The M–K test at the 0.05 level is set as significant.




2.3.4. Mutation Analysis


The moving t-test method was used to analyze the mutation of the intensity of all drought events and identify the mutation point. The significance level of α = 0.05 was selected to obtain the critical value according to the t-distribution table. When   T >    t α     , then the two series before and after the moving point are significantly different.






3. Results


3.1. Temporal Distribution of Drought Events


Figure 3 displays all drought events in Southwest China between 1901 and 2018 extracted by standardized anomaly of SPEI. On this basis, the onset, end, duration, and magnitude of each drought event were systematically evaluated, alongside the year in which they occurred (Table 1). Before the 1930s, there were fewer drought occurrences, and the overall situation was humid. By the 1930s, the number of droughts increased significantly, including a severe drought in 1936–1937 with an S value of −7.23, followed by a significant drought event in summer of 1939, which lasted until January of the following year. During the 1940s, several droughts occurred consecutively. In the 1950s and 1980s, the overall wet and dry distribution was relatively balanced, but more severe drought events occurred in 1962–1963, 1969, and 1987, with S values of −8.61, −7.28, and −5.51, respectively. In the early 1990s, droughts and floods were more frequent, and this area was overall wet. By the late 20th and early 21st centuries, Southwest China encountered a full-scale drought period. In particular, the autumn–winter–spring drought event that occurred in 2009–2010, with S values reaching up to −11.58, affected the entire region and was considered as the most severe drought in the last 120 years. Additionally, during the summer of 2011, another widespread megadrought happened, with S-values of −7.169. In general, during the past 120 years, Southwest China has had its worst drought conditions, including the 1930s and the early 21st century, with as many as nine drought events. During the remaining years, the region exhibited a relatively humid or balanced state between wet and dry, characterized by fewer drought events and lower severity.




3.2. Spatial Pattern of Drought Characteristics


The frequency, average duration, and average S value of drought events occurring in each pixel were extracted by calculating   S  A   S P E I    3      per pixel, as illustrated in Figure 4. The results showed that Guangxi Province has the highest frequency of drought, with some areas experiencing up to 100 events, followed by the northeast and southwest parts of Chongqing, while the central and southeast regions of Yunnan also exhibited high frequencies of droughts, with more than 85 events. The number of drought events in western Sichuan and Yunnan was less than 80. The mean duration of droughts ranged between 3.5 and 5.5 months, with most lasting for 4–5 months and a few, such as in northern and western Yunnan, lasting over five months. The averaged S value of drought events, calculated by summing the S values of all droughts in each pixel and dividing by the number of events, provided an estimation of the severity of each drought. Southern Sichuan typically has worse drought conditions, with the S value dropping below −5.1. Overall, the S values of drought events differed significantly from east to west, with the S value in the west being generally higher than that in the east.



Figure 5 and Figure 6 presented the spatial and temporal distribution of drought events, including the onset and end times in Southwest China, respectively. Overall, the onset of drought mainly occurred in March, June, and August and was primarily concentrated in spring and summer, with rare occurrences in January and October. In regard to the end time, these drought events mainly finished in December and January, followed by April and October, and rarely ended in summertime. From a regional perspective, the Chongqing area is prone to high-temperature droughts, with drought events primarily starting in March, April, and June and typically ending in September. Droughts in Sichuan Province primarily occurred in late spring and early summer, with the end time being mainly in April or October. The start time of drought in Guizhou Province was not stable, with droughts happening in some regions during every season. However, the end time of drought in Guizhou Province was similar to that in Chongqing. Drought in Guangxi mainly started in spring and summer, with the highest frequency in March, and ended in autumn and winter, especially in September, December, and January. In Yunnan Province, droughts occurred mainly in June and September, with the end time similar to Guangxi, primarily in the autumn and winter.



Figure 7 provides the statistics on the severity of drought events occurring during different months. The analysis revealed that the most severe droughts mainly appeared in autumn, with September as the peak month, followed by summer, while winter exhibited the mildest drought condition, especially in January and February. The center of gravity of drought severity in spring shifted from northwest to southeast, with more severe droughts in central Sichuan during March and April and in Guangxi during May. The severe summer drought happened across a large part of southwestern China, especially in Chongqing and central Yunnan. In autumn, the most severe droughts occurred in September, affecting eastern Sichuan, southern Chongqing, and east and central Yunnan. However, the drought severity reduced in October and November, with eastern Guizhou, western Guangxi, and northwestern Sichuan exhibiting noticeable improvement. In winter, drought conditions were not severe except for December, and areas in Guizhou, eastern Guangxi, and southern Yunnan were relatively serious.




3.3. Trend of Drought Events


3.3.1. Overall Interannual Trend


Figure 8 shows a decreasing trend in the S values of drought events in Southwest China between 1901 and 2018, with the slope of −0.019, indicating an overall tendency of drought aggravation. However, the significance level of such trend did not pass p < 0.05. The S values of drought events throughout the past 120 years were then analyzed for mutation using a moving t-test, as shown in Figure 9, with the ordinal numbers corresponding to each drought event in order. The study revealed a distinct mutation point at ordinal number 24, which corresponded to the aggravation of drought in 1943. Further analysis indicated that the mean S value of drought events before 1943 was −2.17, while the mean S value after 1943 was −2.60, implying an apparent rise in the intensity as well as the frequency of drought in Southwest China.




3.3.2. Spatial Trend Analysis


Figure 10 showed the spatial distribution of droughts in Southwest China between 1901 and 2018. The coefficient  β  ranged from −0.071 to 0.036. According to statistics, the proportion of areas with a downward trend (82.46%) was far more than that of those with an upward trend (17.54%). The entire region was dominated by a distinct aridity trend. Notably, strong spatial differences were observed in the magnitude of the decline, with 15.12% of the areas exhibiting a significant decreasing trend (p < 0.05), particularly in southern Sichuan, eastern Guizhou, and northern and southern Yunnan. The coefficient of aridity trend in some regions even exceeded −0.04. Conversely, the wetting trend was predominantly observed in northern Sichuan, western Chongqing, and northeastern Guangxi.






4. Discussion


In recent years, it has been a hot issue to examine the drought frequency, duration, and intensity with various indicators across different spatial scales [48,49,50]. Due to the complexity of drought and its widespread effects, it is necessary to select appropriate drought indices and time scales [51]. Through systematic analysis, this study extracted the drought events between 1901 and 2018 using the   S  A   S P E I    3      method, which normalized the original values by scaling them based on the mean and unit variance, as this method has been shown to be effective in capturing drought events [37,38,52,53]. Previous research by Li et al. [54] detected 87 instances of regional drought events using the OITREE method and reported a marked rise in the frequency and intensity of drought during 1960–2010, while Wang et al. [55] extracted 87 drought events based on SPEI3 from 1901 to 2009. Nevertheless, the results of our study differed from previous studies due to differences in the research periods and definitions of droughts. Notably, compared to other methods, the smoothed SPEI3 anomalies were able to clearly identify the onset and end of drought events and have good applicability in Southwest China. Based on the S values of such drought events, the most severe droughts occurred in 1937, 1962–1963, 1969, 2009–2010, and the summer of 2011, which has been confirmed by previous research [56,57,58,59,60,61]. The most severe extreme drought event in the past 120 years took place during 2009/2010, which led to a significant decrease in vegetation productivity and a serious shortage of drinking water for 8.1 million people [60,62], threatening the security of the regional ecosystems [33,63]. Cui et al. [64] indicated that the primary factor in the 2009–2010 drought was the anomalous circulation, with more powerful than usual subtropical high pressure in the Western Pacific, leading to less precipitation in the region [65]. Sun et al. [58] also showed that the impact of evapotranspiration was comparable and even more prominent than that of precipitation.



In addition, there is considerable spatial variability in the frequency, duration, and severity of extreme drought events in Southwest China (Figure 4). Guangxi Province suffered from high-frequency but weak-severity droughts, while south Sichuan and northwest Yunnan experienced long-term, strong-severity but low-frequency droughts [60]. With regard to the occurrence time of the severe drought events, this study found that droughts in autumn were the most severe, followed by droughts in summer, which is consistent with Tang et al. [32] and Wang et al. [66]. Furthermore, much recent research has underscored the importance of identifying the beginning, end, and severity of droughts, as well as establishing early warning systems for monitoring them [24,48,67,68].



In Southwest China, there has been a noticeable increase in the incidence and extent of extreme droughts along with a warming–drying trend [38,69,70,71,72]. The study further suggests that this region has experienced the most significant increase in drought frequency since the beginning of the 21st century [32]. Spatially, there is strong spatial heterogeneity in drought severity and trends in Southwest China. During the period 1901–2018, southern Sichuan, eastern Guizhou, and northern and southern Yunnan exhibited significant drying trends, while a few areas such as northern Sichuan, western Chongqing, and northeastern Guangxi showed a wetting trend. This is mainly attributed to the decrease in precipitation and the associated increase in temperature [25,58]. In the context of a warming climate, the weakening of the Indian Ocean monsoon has reduced the availability of water vapor, which has led to a more severe drought trend in the region [73,74].



In our study, the SPEI was used for identifying drought events in the past 120 years in Southwest China. In fact, monitoring, assessing, and forecasting droughts posed significant challenges since no single method or index can accurately capture the diverse causes and wide spatiotemporal variations of all types of droughts [75]. There are more than 150 drought indices that are widely recognized as useful tools for monitoring drought events [20,76]. In addition to meteorological drought indices, soil moisture (SM) plays a crucial role in monitoring agricultural droughts during the plant growing season and is an effective means of evaluating crop yield losses resulting from climate shock [77,78,79]. Several agricultural drought indices take into account SM, such as the Soil Moisture Anomaly Index [80], Normalized Soil Moisture [81], Soil Moisture Index [82], and Soil Water Deficit Index [83]. However, drought indices that are based on soil moisture tend to be more intricate than meteorological drought indices [79]. In addition, it can be challenging to obtain high-resolution drought information using these indices because remote sensing-based soil moisture measurements are frequently only accessible at a coarse spatial resolution [84]. Fortunately, Li et al. [85] introduced a long-term dataset of soil moisture with a resolution of 1 km, which was created using machine learning that had been trained on in situ observations from 1789 stations around China. This dataset can be utilized for numerous hydrological, meteorological, and ecological analyses and models.




5. Conclusions


This study detected the spatiotemporal patterns of drought characteristics in China’s Southwest region over the last 120 years. We mainly found that drought events in this area can be well identified by calculating the SPEI. From 1901 to 2018, a total of 72 drought events of varying severity occurred in Southwest China. Among them, the most severe drought occurred from 2009 to 2010, which lasted from autumn, through winter, to the subsequent spring, with an S value of −11.58, covering almost the entirety of southwestern China. Since the beginning of the 21st century, drought conditions have been more intense and frequent. Meanwhile, Southwest China has been a region prone to drought events, with Guangxi experiencing the highest frequency, followed by Yunnan and Guizhou Provinces. Drought events were relatively less in the northern and western regions of Southwest China. The most severe droughts were concentrated in southern Sichuan and northern Yunnan. The duration of drought events typically lasted for about 3–5 months in this region. Droughts in Chongqing and Guangxi usually started in spring and early summer and ended in autumn. September has the widest distribution of aridification with the most severe drought event. Moreover, there is a general increasing trend of drought events between 1901 and 2018. Spatially, most of the regions, except for northern Sichuan and Guangxi, showed an increasing trend in drought severity, with a trend coefficient of up to −0.017. Such analyses can help us better understand the impact of global climate change on drought events in this region, provide scientific basis for investigating drought warnings and their ecological and environmental consequences, and formulate global policies and measures to effectively cope with droughts for sustainable development.
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Figure 1. Location of the study area. 
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Figure 2. The schematic diagram for identifying drought characters. Here, we took the drought event that occurred in 2009–2010 as an example. 
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Figure 3. The temporal changes in the standardized anomaly of SPEI3 in Southwest China between 1901 and 2018. The blue color and red color represent wet and dry periods, respectively. 
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Figure 4. Frequency, average duration, and average S value of drought events in Southwest China. 
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Figure 5. Frequency of drought events in different starting months in Southwest China. 
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Figure 6. Frequency of drought events in different ending months in Southwest China. 
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Figure 7. The severity of drought events in different months in Southwest China. 
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Figure 8. Variation trend of S value of drought events in Southwest China from 1901 to 2018. ID refers to the serial number of the drought event. 
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Figure 9. Moving t-test of S value of drought events in Southwest China from 1901 to 2018. ID refers to the serial number of the drought event. 
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Figure 10. Spatial trend analysis of the S value of drought events in Southwest China from 1901 to 2018. 
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Table 1. Statistics of drought events in Southwest China from 1901 to 2018. ID refers to the serial number of the drought event.
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	ID
	Year
	Start Time

(Month)
	End Time

(Month)
	Duration

(Month)
	S Value





	1
	1901
	9
	11
	3
	−1.7121



	2
	1902
	8
	9
	2
	−1.4338



	3
	1906
	7
	8
	2
	−1.0529



	4
	1909
	3
	4
	2
	−1.1518



	5
	1910
	6
	7
	2
	−1.19



	6
	1912
	8
	9
	2
	−1.2542



	7
	1915
	3
	5
	3
	−1.8304



	8
	1922
	1
	3
	3
	−2.2424



	9
	1923
	2
	3
	2
	−1.1955



	10
	1924
	11
	12
	2
	−1.1969



	11
	1929
	2
	2
	1
	−0.6134



	12
	1930
	7
	9
	3
	−2.2326



	13
	1931
	2
	6
	5
	−3.3202



	14
	1933
	3
	4
	2
	−1.4099



	15
	1933
	8
	9
	2
	−1.4713



	16
	1935
	8
	9
	2
	−1.061



	17
	1936
	6
	8
	3
	−2.1941



	18
	1936–1937
	10
	5
	8
	−7.2346



	19
	1937
	11
	12
	2
	−1.1268



	20
	1939–1940
	7
	1
	7
	−5.5929



	21
	1940
	6
	8
	3
	−2.3216



	22
	1941
	2
	4
	3
	−1.5879



	23
	1942
	8
	11
	4
	−3.2974



	24
	1943
	4
	8
	5
	−4.3866



	25
	1943
	12
	12
	1
	−0.5333



	26
	1945
	5
	7
	3
	−2.3208



	27
	1945–1946
	11
	3
	5
	−3.3344



	28
	1951
	2
	2
	1
	−0.5272



	29
	1953
	7
	9
	3
	−1.986



	30
	1955
	4
	5
	2
	−1.324



	31
	1956
	10
	10
	1
	−0.517



	32
	1958
	4
	6
	3
	−3.2344



	33
	1958
	11
	12
	2
	−1.3555



	34
	1960
	3
	6
	4
	−3.2463



	35
	1962
	4
	4
	1
	−0.554



	36
	1962–1963
	10
	7
	10
	−8.6077



	37
	1966
	3
	5
	3
	−3.1387



	38
	1969
	1
	6
	6
	−7.284



	39
	1972
	7
	9
	3
	−3.0389



	40
	1975
	9
	9
	1
	−0.5691



	41
	1978
	9
	9
	1
	−0.7142



	42
	1979
	2
	6
	5
	−3.9129



	43
	1981
	9
	11
	3
	−1.6323



	44
	1982
	6
	6
	1
	−0.5065



	45
	1983
	6
	7
	2
	−1.09676



	46
	1984
	3
	4
	2
	−1.316



	47
	1984
	11
	12
	2
	−1.6816



	48
	1986
	1
	6
	6
	−3.2545



	49
	1987
	1
	6
	6
	−5.5077



	50
	1988
	5
	7
	3
	−2.3874



	51
	1989
	7
	9
	3
	−2.0077



	52
	1990
	9
	9
	1
	−0.8976



	53
	1992
	8
	11
	4
	−4.5228



	54
	1994
	1
	2
	2
	−1.267



	55
	1995
	5
	6
	2
	−1.2403



	56
	1996
	11
	11
	1
	−0.6344



	57
	1998–1999
	11
	4
	6
	−5.377



	58
	2002
	10
	10
	1
	−0.5428



	59
	2003
	4
	4
	1
	−0.5691



	60
	2003
	9
	12
	4
	−2.9458



	61
	2004
	11
	11
	1
	−0.6352



	62
	2005
	10
	12
	3
	−1.8395



	63
	2006
	7
	10
	4
	−3.7594



	64
	2007
	11
	12
	2
	−1.5976



	65
	2009
	2
	4
	3
	−3.0694



	66
	2009–2010
	8
	5
	10
	−11.5806



	67
	2011
	5
	11
	7
	−7.169



	68
	2012
	3
	5
	3
	−1.7632



	69
	2012–2013
	11
	4
	6
	−5.7842



	70
	2013
	8
	9
	2
	−1.1728



	71
	2014
	4
	6
	3
	−2.3386



	72
	2015
	4
	4
	1
	−0.5032
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