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Abstract

:

Climate science has confirmed the alteration of the hydrological cycle attributed to global warming. This warming tendency affects the monsoon precipitation in Pakistan with an unprecedented intensity, causing severe flooding. Therefore, it is inevitable to observe the recent spring and summer monsoon changes in extreme precipitation throughout Pakistan. The present study examined 8 precipitation indices in the past 50-year period (1971–2020) (stretched to two data periods; 1971–1998 and 1999–2020) using Mann–Kendall and Sen’s method to investigate the direction and magnitude of the observed trends. Spring and summer wet days significantly increased in the central eastern (Kakul, Kotli, Jhelum) and western (Cherat, Chitral, Peshawar) regions in the 1st data period but significantly decreased in areas including the southern region in the 2nd data period. We further observed the high-intensity precipitation days (R10, R20) in the same seasons. The intensity of summer R20 was much stronger throughout Pakistan in the 1st data period which reduced significantly during the 2nd data period in northern and southern regions. We extended the circle of investigation to very heavy and extreme precipitation (R30 and R50). The intensity of R30 and R50 in summer followed the same pattern as observed for R10 and R20. However, R30 and R50 in pre-monsoon significantly increased in the northern, east-western, and south-eastern regions during the 2nd data period. Summer monsoon and westerly humid regions experienced a decreasing tendency of very heavy and severe precipitation in the 1st data period. Our results concluded that the most significant changes in precipitation extremes occurred with higher intensity and recurring frequency for all indices in spring and summer monsoon during the 2nd data period.
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1. Introduction


Pakistan’s sensitivity to climate change was increasing in 1999–2020 as compared to 1971–1998. Pakistan has been facing many extreme events over the last 30 years. The recent floods (2010, 2013, 2014, 2015, 2020) and prolonged drought (1997–2002) were the climate-related extremes that impacted water resources and sustainable agricultural production in the country. The changes in extreme precipitation indices have also affected water resource management in the country, resulting in meteorological disasters. Some of the recent studies [1] reported that Pakistan has been affected by 152 climatic extreme events between 1999 and 2018, resulting in USD 3.8 billion in economic damage. Thus, further study is needed to quantify the severity of extreme precipitation changes to have a better understanding of climate change’s regional scale impact between 1971 and 1998 as well as 1999 and 2020. The objective of the current study was to quantify trend changes and extreme precipitation season-wise between the 1971–1990 and 1999–2020 periods.



Extreme precipitation events changed the frequency, severity, and length over space and time due to climate change caused by global warming [2]. Recent studies predict that increases in intense precipitation observed in the late 20th century will continue, with far more severe repercussions [3,4]. To assess the spatiotemporal trends in extreme precipitation in different parts of the world, numerous kinds of research have been carried out. In many of these investigations, extreme precipitation showed increasing trends [5,6]. The frequency and intensity of severe extreme precipitation occurrences vary widely between climatological regions globally.



Numerous studies have been conducted globally regarding extreme precipitation days on an annual and seasonal basis. A few of them [7] explored the probability of extreme precipitation events under the global warming scenarios 1.5 °C and 2 °C in the East-Central Asian regions. The results revealed that the occurrence of R95p annual days were reduced by 3 days/year in humid regions and 1 day/year in semi-arid regions at global warming of 1.5 °C scenarios instead of 2 °C in southeast China and Himalayan regions. According to detailed observation, the fraction of severe precipitation in total precipitation was found to increase by 10% because of the additional 0.5 °C of warming. The same follow-up studies [8] examined the changes in the trends of extreme precipitation events during 1966–2015 in Nepal. The analysis found 1-day extreme precipitation peaks in the southern foothills, with highest intensity in the central region of Nepal. Moreover, several studies have been conducted regarding extreme precipitation in India. Such studies highlighted the changes in extreme precipitation in the northeast regions of India [9,10,11]. Similarly, Ref [12] estimated the impact of the 2010 flood in Pakistan using climate data. In a nutshell, climate change has significantly increased the intensity of extreme precipitation in various regions globally.



As far as regional impact is concerned, Pakistan is one of the most highly vulnerable countries in terms of the ecosystem to climate change due to its complex topography, geographical location, and dynamic climatology. Numerous studies observed changes in extreme precipitation trends in overall Pakistan [13,14,15,16,17,18,19], provincial level and in northern areas [20,21,22,23,24]. Some of these studies, for instance [24], characterized rainfall intensity ranging from less than 1 mm per day to a value of 50 mm per day using nine daily-based rainfall indices. Additionally, various results from the trend analysis of rainfall intensity could occur for the same type of rainfall.



Some of these proposed that northeastern regions exhibit the greatest number of extreme precipitation events of more than 100 mm between 1991 and 2000 [21]. Over the southeast parts of Pakistan, extreme rainfall events with less than 50 mm per day were observed more frequently during 1961 and 2000. In the past 54 years, the annual rainfall trends (extremes) have been increased in the Azad Jammu Kashmir (AJK) and Gilgit-Baltistan (GB) regions, while there have been noticeable increases in heavy rainfall 99% of the time in the Kotli and Muzaffarabad regions [18]. The two indices were divided into categories by [15] using thresholds for precipitation during the summer monsoon. First, the daily criterion of 50 mm/day is used to define extreme rainfall occurrences. Similarly, [17] described an annual maximum consecutive 5-day rainfall (RX5 day) from 1976 to 2005 as heavy rainfall. Indus delta in Sindh, Pakistan experienced trends in 1-day and 5-day severe rainfall from 1981 to 2015. Except for Rohari, which is situated on the highest point in Sindh, the analysis suggests that the area under investigation is dry [24]. Moreover, [22] listed the number of days with very high rainfall in Pakistan’s northern area between 1971 and 1990. The patterns of extreme rainfall showed no discernible shift, however the northwest regions of the Ghizer and Hunza experienced notable changes in extreme occurrences in summer. In all of Pakistan’s provinces, the Rx1day, Rx5 day, R95pTOT, and R99pTOT all showed an upward trend [25]. Baluchistan and Sindh provinces exhibited non-significant trends, whilst the northern regions exhibited more pronounced trends when compared to the southern regions. According to the analysis, total rainfall increased by 120 mm, while R95 and R99 increased by 122% and 100%, respectively. Furthermore, Rx1 day and Rx5 day indicated a nonsignificant increase of around 25 mm and 50 mm, respectively.



The daily changes in precipitation over the tropical monsoon are used to characterize the wet and dry spells. Long stretches of extraordinarily wet weather are known as wet spells. Dry spells, on the other hand, are protracted times of dryness. On wet and dry spells and their effects on summer monsoon rainfall in various locations of Pakistan, a few studies addressed, however, the same issue. For instance, [20] suggested increased wet days in summer attributed to severe flooding in Pakistan’s Punjab province during 1980 and 2010. Furthermore, in desert and humid regions, the dry spells increased while wet spells increased from 1976 to 2007. No discernible change was observed in the semiarid zones. Some of the abovementioned studies explicitly investigated the substantially longer (shorter) wet (dry) spells in Pakistan’s northern and southern regions and concluded a considerable increase in the number of rainy days between 1961 and 2009 [14,16]. Most of these studies were restricted to the quantification of wet/dry spells based on shorter data periods rather than focusing on the intensity and frequency of a particular season with updated precipitation records. The present study mainly revolves around the variation of precipitation extreme in spring and summer across all of Pakistan. We have divided the study area into four different regions based on the previously observed precipitation trends. This division represents the visible deviation of precipitation under different climatic factors. Furthermore, the data period has been extended to 1971–2020 to observe the recent changes in extreme precipitation. This data period was further divided into two data series (1971–1998; 1999–2020) to observe the apparent change in each data series.




2. Data and Methodology


2.1. Study Regions


Pakistan is fenced by the borders of India in the east, China to the north, Afghanistan to the northwest, and Iran to the west. Geographically, it covers an area of 796,096 km2 of land and extends 885 km east–west and 1600 km north–south. There are six physiographic regions from the east–west and northeast. These are the northern mountains, western mountains, Balouchistan Plateau, Potwar plateau, Salt range, and Deserts. The landscape of Pakistan is diversified with high-elevated mountains in the upper zone, agricultural-dominated areas in the middle zone, and a coastal belt in the lower zones, most of them arid and semi-arid except for the southern slopes of the Himalayas and the sub-Himalayas. Approximately 50% of the area is classified as arid, 40% as semi-arid, and 10% as a humid environment [23]. In addition, the whole Sindh region, southern Punjab, central regions of the north, and southern Balouchistan have arid climates. Pakistan is an agrarian country where more than 65% of people depend on agriculture-based economic activities. The major source of irrigation is seasonal precipitation. Thus, precipitation is a significant factor for agriculture planning and development in the country.



The amount of precipitation increases from the northeast (humid areas) to the southwest (arid areas) over the Indus. The monsoon system and westerlies control weather systems that regulate the amount and distribution of precipitation across Pakistan. Approximately 50–70% of the total precipitation is associated with summer monsoon, which is controlled by the monsoon wind mechanism. The winter precipitation is influenced by western disturbances. On a seasonal scale, there are two peak precipitation seasons. The country’s northern areas experienced snowfall, as a result of the winter precipitation and summer monsoon season which lasted from June to September over the northeast and southeast regions [26]. In the context of temperature, the maximum average temperature of more than 35 °C is found in the southwest regions and the minimum average temperature is <0 °C in the northern regions.




2.2. Materials and Methods


The daily precipitation datasets of 37 weather observatories were provided by Pakistan Meteorological Department (PMD) to quantify extreme precipitation variability events between 1971 and 1998 (1st data period) as well as 1999 and 2020 (2nd data period). The locations of the observatory weather stations are shown in Figure 1. PMD has a network of synoptic-scale weather observatories to control the various meteorological parameters for their efficient use in many disciplines of research studies of different regions. To assure the dataset quality, the missing data of all studied weather stations were checked. The study analysis includes all stations with less than 10% missing values. Data were tabulated into spring and summer seasons based on monthly division of three months, i.e., March–May and June–July, respectively. The maximum precipitation occurs at the central east stations in summer. It is also evident that the summer precipitation increased in the second data period not only at the central east but extended to southern stations in Punjab province compared to the first data period as shown in Figure 2.



2.2.1. Mann–Kendal Test


The objective of the trend estimation involves the estimation of the value of the variable that has changed most significantly over the study duration [27]. Whether the assessment of the trend is statistically significant or not could be computed using the parametric or nonparametric tests. The climatologist typically uses non-parametric methods to assess the magnitude of the trend. The MK test enables the significance of trends in precipitation indices [28,29]. The non-parametric test is free from normal distribution of data and does not require or is less sensitive towards homogenization of the time series data which makes it a perfect trend detector [30]. MK is the nonparametric test that is influenced by autocorrelation. Many approaches have been introduced in the literature to address autocorrelation, including trend-free pre-whitening (TFPW) approaches [31,32,33]. The pre-whitening test was used to remove significant positive and negative autocorrelation. From the detailed observation, it is found that all the investigated weather stations have no autocorrelation. No significant homogenization problem was found in all dataset’s time series. The objective of the homogenization approach is to identify outliers or spikes in the observation dataset that were created by preventable errors in the instrumentations, relocations, replacements, environments, and procedures used to gather the data [34].



The Mann–Kendall statistic Zmk was evaluated the following:


   z  m k   =  {        S − 1    σ s        i f   S > 0      0    i f   S = 0         S + 1    σ s        i f   S < 0      }  .  











The MK statistic S is calculated as


  S =   ∑   k = 1   n − 1     ∑   j = k + 1  n  s g n (  x j  −  x k  ) ,  








where n shows the number of years, xj and xk represent values (annual) in that year of j and k, correspondingly. The function sgn (xj − xk) determines that either value, 1, 0 or −1, should be employed depending upon the difference of (xj − xk), where j > k:


  S g n  (   x j  −  x k   )  =  {     1    i f    x j  −  x k  > 0      0    i f    x j  −  x k  = 0       − 1     i f    x j  −  x k  < 0      }  .  











Zmk presents increasing trend with a positive value and vice versa. If the probability with null hypothesis Ho exceeds the test statistic Zmk for selected significance level α, it indicates the presence of significant trend where the test statistic (S) must follow the standard normal distribution. The null hypothesis Ho stands correct in the absence of any trend using the standard normal table to reject Ho. For the assessment of To being either positive or negative trend at α level of significance, Ho is rejected if the absolute value of Zmk > Z1−a/2 at the α-level of significance.




2.2.2. Sen’s Slope Estimator


The SS estimator determines the magnitude of the trend in the selected indices [35]. Sen’s formula enabled the variation within the selected data series using slope value. Such variation over time was estimated relative to mean daily discharge. The relative units were used, as discharge varies significantly between the two gauges; therefore, absolute change comparison is daunting. The intercomparison becomes difficult due to small magnitude of change in daily discharge.



N pairs of data was computed in the first phase using the following relation:


  Q =    x j  −  x k    j − k    if    j > k .  











The Sen’s estimator of slope shows the median of these N values of Q. The median of the N slope is calculated in common way. N values of Qi were arranged from minimum to maximum.



The Sen’s estimator is given as follows:



Sen’s Estimator =     Q  [     (  N + 1  )   2   ]    If N was odd,



   1 2   (  Q  N 2  + Q    (  N + 2  )   2   )    If N was even.



Ultimately, Qmed uses a double-tailed test with 100 (1−α)% confidence interval while Sen’s method enabled true slope, whereas the six indices used in this study were adopted from the World Meteorological Organization’s (WMO) Experts Team on Climate Change Detection Indices (ETCCDI) list [36,37]. The classification of wet and dry days depends on the amount of precipitation that occurred: if the amount is greater than 1 mm it will be considered as a wet day and vice versa. Following the same criteria, R10, R20, R30 and R50 will be classified as heavy, very heavy, extreme and severe precipitation days, respectively. The trend changes of the extreme precipitation indicators were displayed using Inverse Distance Weighting (IDW).






3. Results


3.1. Seasonal Variability in Dry and Wet Days of Extreme Precipitation


Regarding seasonal variation of precipitation on wet and dry days, two indices were used in this study, i.e., R < 1 mm and R > 1 mm designated as dry and wet days, respectively. Figure 3 indicates the trends of dry days during 1st and 2nd data periods in spring and summer. Spring exhibited significantly dominant decreasing trends throughout the country in the 1st data period; however, wet days significantly increased in central eastern and western regions. During summer, decreasing significant trends were detected in east–west regions and increasing trends are observed from southwest regions in the 1st data period. However, in the 2nd data period, significant increasing trends were observed in the east–west, central, and southeast regions and decreasing trends have been analyzed in the northwest and some pockets of east regions.



Figure 4 indicates the trends of wet days in the spring and summer monsoons. The wet days showed a significant decreasing trend (stronger from east to west regions than other regions) and increasing trends found in the northwest regions (Drosh, Chitral, and Gupis) in the 1st data period, whereas significantly increasing trend at significant level 0.05 observed in some pockets near eastern regions in the 2nd data period. Similarly, the increasing significant trends were identified in the east–west regions while decreasing trends were dominant in southwest regions in the 1st data period. In 2nd data period, significant decreasing trends were exhibited in the east–west regions while increasing trends appeared near the eastern regions.




3.2. Seasonal Variability in the Intensity of Extreme Precipitation


3.2.1. Spring


Figure 5 depicts the spatial distribution of the R10 and R20 extreme precipitation index in the 1st and 2nd data periods. The results proposed that heavy precipitation days with a magnitude of 10 mm decreased significantly in the northwest and southeast parts (0.1 days) in the 2nd data period. It was interesting to note a 0.3-day increase in heavy precipitation in the northwest in the 1st data period. In comparison to 1st data period, there was a −0.2-day decrease in the southern and northern regions in the 2nd data period. On very heavy precipitating days with a magnitude of 20 mm, an asymmetric significant trend has been observed, with an increase (decrease) in the northwest and northeast (southwest) regions of 0.06–0.12 mm days (−0.02 days) in the 1st data period. During the 2nd data period, some regions in the west of the country exhibited an increased trend at a rate of 0.15 days.



During the same period, decreasing significant trends in the northwest and southwest regions were examined at a rate of 0.05 days in the spring season. For precipitation days (p ≥ 30 mm), an increasing trend was observed in northwest regions with a range of 0.02–0.03 days, and the regions in the southwest showed a slight decrease with <−0.01 days during the 1st data period. The precipitation in the 2nd data period exhibited an overall decreasing trend of <0.06 mm in the eastern and southern parts of the study region. In the precipitation days with a magnitude of 50 mm (p ≥ 50 mm), the only northern regions indicated decreasing significant trends with a range of −0.016–0.01 days from 1961 to 1990. In comparison, between 1991 and 2020, there was a −0.2-day decrease in the northwest and northeast regions as shown in Figure 6. An asymmetrical significant trend has been observed in the southeast, western, and northern regions with a range of 0.02–0.04 mm days.




3.2.2. Summer


For precipitation days (p ≥ 10 mm), an increasingly significant trend was measured with a magnitude of 10 mm; it decreased significantly in the eastward to central regions with a range of 0.30–0.75 days in the 1st data period as shown in Figure 7. An asymmetrical significant trend has been observed with an increase (decrease) in the eastward and westward (northwest and central) regions with a range of 0.30–0.75 days (−0.10 to 0.75 days) in the 2nd data period. It was interesting to notice a 0.40-day decrease in precipitation of magnitude R10 in the northeast and central regions in the 2nd data period. Comparatively, the moisture stress from southwest regions is found to increase in the last 30 years as compared to the 1st data period in the summer monsoon season. On very heavy precipitating days with a magnitude of 20 mm, an asymmetrical significant trend has been observed, with a decrease (increase) in the eastward and southeast (northwest) regions with a range from −0.02 to −0.03 days (0.2–0.4 days) in the first data period.



During the second data period, some regions in the country’s east to the west, southeast, and west regions showed an increasing trend at a rate of 0.20 days. During the same period, decreasing significant trends in the central regions were examined at a rate of 0.15 days in the summer monsoon season from 1991 to 2020. For precipitation days (p ≥ 30 mm), an increasing trend was observed in the east–west, central, and some pockets of northern regions with a range of 0.03–0.09 days; the regions in the southwest showed a slight decline with 0.01 days during the 1st data period as shown in Figure 8. However, R30 exhibited an overall increasing trend, but a significant trend was only noticed in the northeast of the Sialkot regions with a rate of 0.15 days in the 2nd data period. In the precipitation days with a magnitude of 50 mm (p ≥ 50 mm), the east–west and southeast regions indicated increasing significant trends with a range of 0.015–0.030 days from 1971 to 1998. In the 2nd data period, −0.025 days have been decreased compared to the 1st data period in the east–west regions. Overall, the decreasing significant trend was analyzed in all regions except some regions in the western part during the 2nd data period.






4. Discussion


The findings showed that seasonal precipitation is categorized into two major modes, monsoon system in pre-monsoon and summer monsoon and western disturbances in winter precipitation. The significant increasing trend was analyzed on wet days from east to west regions and increasing trends in northwest and northeast regions in 1961–1990, whereas the decreasing trend with a significant level of 0.05 has been observed in the northeast, southwest, and southeast regions in all seasons except post-monsoon during 1991–2020. Precipitation consistently increased from the west to the east along the longitudes and from the south to the north, following latitudinal range. Heavy precipitation days with a magnitude of 10 mm decreased between 1991 and 2020 in all seasons but were found to have increased in the winter, pre-monsoon and summer seasons in the northwest, central parts of north, southeast and southwest regions. In very heavy precipitating days with a magnitude of 20 mm, an asymmetrical significant trend has been observed, with a decrease (increase) in the eastward and southeast (northwest) regions in 1961–1990 during the summer monsoon and winter seasons. However, from 1991 to 2020, the very heavy precipitating days indicated increasing trends in the southeast, east, and west regions in all seasons except post-monsoon seasons. This is likely due to an increase in air temperature, which improves the air’s ability to hold water capacity, leading to increased water vapor over the atmosphere [38]. The results revealed a slight decrease in the number of days with severe precipitation over the western, northeast and northwest regions of Pakistan during 1991–2020.



Large-scale global warming and rising sea surface temperatures have an impact on the causes of an increasing trend in these indices, in addition to the rising temperatures in Pakistan. The geographical locations of Pakistan also exhibited extreme precipitation occurrences including significantly decreasing seasonal precipitation in UIB [39,40]. The remaining precipitation indices showed a significant increase in the Indus basin and a decrease in the monsoon central and core western disturbance zones except for the 99th percentile during the summer and winter seasons in 1999–2020. This detailed analysis might be attributed to two different facets of the region that include the aridity and moisture source for both major precipitation systems over Pakistan. The region’s aridity classes are primarily arid to semi-arid and severely arid [41]. When precipitation occurs, there is primarily increased infiltration and less runoff. Less runoff limits evapotranspiration and evaporation, which in turn limits the quantity of moisture recycled by convective processes. As a result, less water is recycled through convective processes [42]. The change in extreme precipitation trends has been caused by a possible change in the monsoon and westerly disturbance circulation trajectories. The Mediterranean region serves as the moisture source during the winter, while the Indian Ocean serves as the moisture source during the summer. A change in the large-scale circulation patterns can move the precipitation into severe precipitation [43,44].



According to the shifts in severe precipitation index patterns, the core monsoon (humid) and western (arid) regions saw a rise in extreme events in the early 1990s, which was then followed by a drought event in the following year, and vice versa. The rise in extreme precipitation indicators showed that precipitation had generally increased in recent years. The intensity of extreme precipitation occurrences is impacted by this rise in precipitation. Thus, the patterns of extreme weather events, particularly flash and riverine floods in the target regions with high vulnerability to natural hazards, may shift as a result of the observed changes in extreme precipitation events [5,17]. Drought definition can be greatly influenced by the arid/semi-arid region of southern Pakistan, where exceptional precipitation events are declining. Moreover, the increase in temperature over the high altitude of UIB [45] due to global warming and melting of snow and glaciers at the sub-basin scale [46] is also a certain conclusion which may have a considerable impact on drought, precipitation and water availability; therefore, precipitation is not the only component in weather estimation or prediction. Except for the 95th percentile, the elevation-dependent rise was less pronounced. Large-scale circulation indicators such as the South Asian high, Himalayan forcing, and oceanic forcing could contribute to the shift in addition to the normal precipitation systems [47]. Some of the recent studies [48] established a strong linkage between precipitation and droughts for the same study region (the whole of Pakistan). They concluded that the precipitation exhibits a decreasing trend in terms of the extreme events which is consistent with our findings of reduced R50 and R30 days.



The extreme precipitation indices reveal an upward trend in extreme precipitation occurrences over Pakistan during the past 30 years, suggesting that the danger may also rise as a result. Large-scale indices, the land-ocean temperature gradient, and global warming-induced changes in circulation can all be used to explain the rising trends in these extreme precipitation indices. The study’s conclusions are based on a quantification of changes in extreme precipitation indices in the 1st and 2nd time-series, and they do not consider the direct influence of large-scale circulation, oceanic, and related causes. These elements will be discussed in further detail in subsequent research. These factors are addressed in the current study and may need to be considered when analyzing localized trends. Future research ought to concentrate on the risk, exposure index, and associated remedies of such extreme precipitation indices in the region.




5. Conclusions


The current study investigates the variability in the extreme precipitation indices in Pakistan during the 1st and the 2nd data series. The study revealed an increasing trend of wet days (R1mm), the number of heavy precipitation days (R10 mm), and the number of very heavy precipitation (R20 mm) during the spring and summer monsoon. On very heavy precipitating days with a magnitude of 20 mm, an asymmetrical significant trend has been observed, with a decrease (increase) in the eastward and southeast (northwest) regions in 1971–1998 in all seasons except spring and summer, while during the period of 1999–2020, some regions in the country’s east to the west, southeast, and west regions showed an increasing trend in the summer and spring seasons. During the same period, declining significant trends in the central regions were examined at a rate of 0.15 days in the summer monsoon season from 1999 to 2020. For precipitation days (p ≥ 30 mm), an increasing trend was analyzed in the east–west, central, and some pockets of northern regions during the spring and summer monsoon seasons in 1999–2020 but the regions in the southwest showed a slight decrease during the first data period. The precipitation with a magnitude of 30 mm in the period of 1999–2020 exhibited an overall increasing trend, but significance was noticed in the northeast over the Sialkot regions during the spring and summer seasons. On the precipitation days with a magnitude of 50 mm (p ≥ 50 mm), the east–west and southeast regions indicated increasing significant trends from 1971 to 1998. There were fewer days in the east–west regions during the spring and summer seasons in 1971–1998 as compared to 1999–2020.
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Figure 1. Network of climatic stations installed by Pakistan Meteorological Department (PMD). 
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Figure 2. Climatology of seasonal precipitation in different regions of Pakistan. 
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Figure 3. Spatial variation of dry days (numbers)in spring and summer seasons between 1971 and 1998 as well as 1999 and 2020. Dark color indicates the positive changes and light color shows the negative changes at 0.05 level of significance. 
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Figure 4. Spatial variation of wet days (numbers) in spring and summer season between 1971 and 1998 as well as 1999 and 2020. Dark color indicates the positive changes and light color shows the negative changes at 0.05 level of significance. 
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Figure 5. Spatial trends for extreme precipitation indices R10 and R20 (days) between 1971 and 1998 as well as 1999 and 2020. Dark color indicates the positive changes and light color shows the negative changes at 0.05 level of significance. 
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Figure 6. Spatial trends for extreme precipitation indices R30 and R50 (days)between 1971 and 1998 as well as 1999 and 2020. Dark color indicates the positive changes and light color shows the negative changes at 0.05 level of significance. 
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Figure 7. Spatial trends for extreme precipitation indices R10 and R20 (days) between 1971 and 1998 as well as 1999 and 2020. Dark color indicates the positive changes and light color shows the negative changes at 0.05 level of significance. 
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Figure 8. Spatial trends for extreme precipitation indices R30 and R50 (days) during 1st and 2nd data period. Dark color indicates the positive changes and light color shows the negative changes at 0.05 level of significance. 
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