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ABSTRACT

Rainfall plays a pivotal role in any region's agricultural productivity, water resources management, and overall socio-economic development. Hence an understanding of the changing patterns and trends of rainfall is crucial for effective planning, resource allocation, and climate change adaptation strategies. To conduct this study, long-term monthly rainfall for a period of 121 years (1901-2021) from India meteorological department across the Indian subcontinent were collected and analyzed. A detailed analysis of monthly, annual, seasonal and non-seasonal rainfall was carried out. The findings reveal significant changes in rainfall trends and patterns over the Indian subcontinent. Both inter-annual and intra-seasonal variability were observed, highlighting the complex nature of rainfall dynamics in the country. The study also examined the impact of climate phenomena such as El Niño (dry) and La Niña (wet) on the rainfall patterns, emphasizing their influence on the interannual variability using the SPI as an indicator. The yearly SPI analysis revealed that 61 years were wet where the rainfall was more than the normal rainfall out of which 17 years were very wet leading to flood like situations. A more detailed analysis of dry and wet months in the monsoon season was done in order to have an idea regarding the availability of rainfall during the monsoon months for crop planning and irrigation scheduling. All the monsoon months witnessed water scarcity conditions in 50%-60% of the total 121 years’ time period. The results of this research contribute to a better understanding of rainfall dynamics in the Indian subcontinent, aiding scientists, water resource managers, and climate scientists in making informed decisions. Moreover, the findings highlight the need for further research and the development of potent climate models to accurately predict future rainfall trends in the face of climate change.
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 INTRODUCTION 

	Rainfall is one of the most crucial natural resources that is essential for the survival of life on earth. In India, monsoon season plays a major role in any country’s economy and livelihood of the people. India receives its rainfall from both the South-West Monsoon and the North-East Monsoon. The South-West Monsoon ranging between June to September, is responsible for 75% of the country’s total rainfall. In Contrast, the North-East Monsoon which occurs from October to December, brings rainfall to the parts of South India. The Study of Rainfall Data Analysis in India is essential because it provides insights into the distribution, variability, and trends of rainfall patterns in the country. The analysis of rainfall data can help Scientists, Meteorologists, Weather and Farmers to make informed decisions related to Water Management, Crop Planning and Disaster Management. Furthermore, it can help Researchers to study the impact of climate change on rainfall patterns and its consequences on the country’s environment and economy state. In this research paper we explored rainfall data of India for the last 121 years and its variation throughout the decades. Using statistical technique, the trends and patterns over the years were analyzed and studied. Several studies have been conducted on Rainfall data Analysis in India using various statistical techniques like Trend Analysis, Seasonal Analysis and Frequency Analysis. These studies have provided valuable insights into the variability and trends of rainfall patterns in different regions of the country. However, there is still a need for further research to improve our understanding of the complex relationship between climate and rainfall in India. In this study, we focused on this complexity of rainfall variation in the country as a whole. The rainfall variation in India is much complex that it cannot be predicted exactly as we proclaim. Even though studies have been made on the depending factors, these patterns and trends varies even with the slightest influence of an external factor. The study focusing on the analysis of the rainfall data, will examine the impact of climatic change on the country’s rainfall patterns. The findings of this research can contribute to the development of strategies for multipurpose of the rainfall dependent strategies and sectors such as water management and disaster management, and other related domains in the country. Assessing the overall distribution of rainfall, locate areas with high and low rainfall rates, and look into seasonal fluctuations and looking into long-term rainfall trends spanning over ten number of decades to analyze the trend of rainfall, whether it is increasing or decreasing, and going through significant changes. Rainfall is the chief source of water source in the Indian subcontinent. It is aiding a number of main as well as minor sectors in the country. One of the main importance of Rainfall Analysis is the role it plays for agriculture. It determines crop yields, affect food security and influences rural livelihoods. In Water Resource Management, rainfall patterns influence water availability for drinking, irrigation and hydroelectric power generation. Another aspect is climate change assessment; Studying the long-term rainfall trends helps in understanding climate variability in order to identify potential climate change impacts, and to develop adaptation strategies. Annual and Seasonal Rainfall Trend study includes the analysis of annual Rainfall patterns over the past century including inter-annual variations and long-term Trends. This includes studying seasonal rainfall patterns, particularly the impact of South-West Monsoon and the North-East Monsoon. This can help in the identification of Drought and Flood prone regions based on historical rainfall data. Extreme Rainfall Events are also studied which includes analysis of extreme rainfall events, including heavy precipitation, cyclonic disturbances, their frequency and intensity over the century that can help in the evaluation of the socio-economic and environmental impacts of extreme rainfall such as floods, landslides and infrastructure damage. Analyzing rainfall data from the last 121 years provides crucial insight into India’s historical precipitation patterns, regional variations, extreme events and potential climatic change impacts. This comprehensive analysis is vital for Scientists, researchers and stakeholders to develop effective strategies for sustainable water management, agricultural planning, disaster preparedness

LITERATURE REVIEW

The rainfall trends and patterns over the Indian subcontinent are diverse and influenced by various factors, including the monsoon system, regional geography, and climate variability. Conducting detailed research in this field is essential for ensuring the long-term well-being and prosperity of India's population and its upcoming days. Several studies have been done on trend and pattern analysis of rainfall in different climatic regions of India and some of them are summarized below.

The researchers in [1] examined the short-term and long-term fluctuations in seasonal rainfall and also variation of temperature in 3 districts of Odisha namely Kalahandi, Bolangir and Koraput. In this study, the rainfall and temperature values for a period of 1980–2017 were analyzed statistically. The Mann–Kendall test and Sen's slope estimator methods were used to study the rainfall trend and patterns. It was observed that in the 37 years’ observation period, the annual maximum and minimum temperature show an increasing trend, while a decreasing trend was witnessed for the maximum and minimum temperatures during the rainy season. A more statistically significant trends are detected for rainfall (at 99% confidence limit) for the period under observation. The trend analysis shows an increasing trend with a Sen's slope of 4.034 for monsoon season. The maximum temperature showed a slight warming or increasing trend (Sen's slope value, 0.29) while the minimum temperature showed a cooling trend (Sen's slope value, −0.006), While the maximum temperature is statistically significant at 95% confidence limit, the trend analysis of minimum temperature is not statistically significant. In another study [2], the authors divided India into 4 sub-divisions (northwest, northeast, west-central, , central northeast, and peninsular India) and analyzed the rainfall data by corelating rainfall and the Southern Oscillation Index (SOI) for three different periods: 1949 to1965, 1966 to1990, and 1991 to 2016. The statistical analysis of rainfall data and the regime shift analysis methods were used in this study The analysis showed a very significant decreasing trend from July month to October month for a period of 1949–2016. The monsoon months i.e., June to September showed a strong positive correlation with SOI for the periods 1949–1965 and 1966–1990, which was gradually reduced in the period 1991–2016. Similarly, the rainfall from October to December months witnessed a strong positive correlation with the SOI during the period 1949–1965. The authors emphasized that these types of analysis and results are helpful for the hydrologists, decision makers, planners, agriculturists, and other experts for optimized management of water resources.

The authors in [3] analyzed the daily rainfall data of some selected circle headquarters for a period of 30 years to determine the normal rainfall, rainfall deficit, rainfall excess and the seasonal rainfall. The statistical parameters like mean, standard deviation and coefficient of variation was calculated using the monthly and annual rainfall data to check the rainfall variability. The result showed that the rainfall pattern was erratic for the study period. Based on the minimum deviation between actual and forecasted values the best fit probability distribution was determined. These types of studies help in land preparation for cultivation, sowing, irrigation scheduling and other farm management practices. It also provides useful information for water resources planners, farmers and urban engineers to assess the availability of water and follow water conservation practices. In another study, [4] the hourly rainfall depths were used for accuracy evaluation of rainfall disaggregation methods. The hourly rainfall helps for modelling of watershed, stream, and water quality processes. As the density of stations measuring precipitation data on an hourly basis was low, hence the disaggregation of daily rainfall values or the transfer of information from nearby stations was used in this study. This investigation evaluated the accuracy of four different methods for estimation of hourly precipitation depths. The hourly rainfall records from 74 gauges located within or near the Chesapeake Bay watershed were used to evaluate the biases and accuracies of procedures for disaggregating measured daily depths into hourly amounts or transferring rainfall information for nearby gauges. The study revealed that none of the four methods provided accurate predictions of hourly rainfall, and it was difficult to get reliable estimates of hourly rainfall intensities by disaggregating daily total rainfall or transferring hourly rainfall values from nearby gauges. 
The researchers in [5] analyzed the rainfall pattern in the Rangareddy district. Various climatic parameters such as monsoon rainfall, maximum and minimum temperature, forest cover, wind speed and relative humidity were considered for this study. Multiple regression models were used for rainfall analysis. It was observed that the rainfall was increasing with time and attaining the district normal rainfall after the year 2005. The rainfall was estimated as 804 mm in the year 2005 and 926 mm in the year 2010. A trend analysis of yearly maximum, minimum and average temperature were studied with respect to the variation of rainfall amounts. It was observed that, the rainfall showed a decreasing trend with the increase in annual average temperature. The analysis of relative humidity for a period of 18 years showed increasing trend of rainfall with the increase in annual humidity. Similarly, an analysis of annual wind velocity with rainfall was studied for period of 18 years and it was observed that the rainfall was increasing with increase in wind velocity. 
In another study by [7], rainfall forecasting was carried out by atmospheric downscaling method using the artificial neural networks. The study focused on estimating 12 hours average rainfall in the Chikugo River basin, Kyushu Island, Southern Japan, from large scale values of wind speeds and precipitable water. The analysis showed that two neural networks in series might greatly improve the reproduction of intermittency. Also a long length data series were required to produce variability and intensity categorization may improve the probabilistic forecasting. The study indicated that the overall performance in that region was better during the winter season and spring season than during summer and autumn.  The seasonal as well as annual rainfall variability and rainfall trends was analyzed by [10] in the 7 states of North East India for a period of 1901–2020, using the Mann–Kendall test, trend-free pre-whitening Mann–Kendall, modified Mann–Kendall (MMK), as well as the innovative trend analysis (ITA). The analysis indicated the variabilities in annual and seasonal rainfall in all these seven states. Even if the results were similar in most of the cases, significant differences were observed in post-monsoon rainfall of Assam and Meghalaya, pre-monsoon rainfall of Arunachal Pradesh, Mizoram and Tripura, as well as in winter rainfall of Arunachal Pradesh and monsoon rainfall of Tripura. MMK test was proved to forecast changes in rainfall distribution across seasons to a certain extent at varying significance levels in comparison to the other three methods. 

The rainfall data for a period of 29 years (1967-1995) of Agro-meteorological Observatory, Jabalpur, was analyzed by [11] at weekly, monthly, seasonal and annual basis to cater to the rainfall-based cropping system with a minimum risk to efficiently utilize the available rainfall for increased production. The average annual rainfall was estimated as 1369 mm. The Kharif, Rabi and summer seasons received 1229.32 mm, 110.86 mm and 28.8-mm rainfall, respectively. The highest rainfall was recorded in the August month (495.08 mm) while April received the lowest amount of rainfall (3.68 mm). It was observed that about 89 per cent of total annual rainfall was received between 23rd and 39th standard meteorological weeks. The normal distribution was used for predicting the weekly rainfall probabilities of receiving at least 10, 20, 30 and 40 mm of rainfall. In a similar study, [14], the rainfall trends and patterns at monthly, seasonal and annual timescale were analyzed in India using monthly rainfall data for a period of 135 years (1871–2005) for 30 sub-divisions. As per the study, about 50% of the sub-divisions showed an increasing trend in annual rainfall, but a more statistically significant trend was observed only in Haryana, Punjab and Coastal Karnataka. Similarly, only one sub-division (Chhattisgarh) indicated a significant decreasing trend out of the 15 sub-divisions. The study also indicated that during June and July, the number of sub-divisions with increasing rainfall was almost equal to those showing decreasing rainfall. The study also showed that in the entire country, no significant trend was detected in the annual, seasonal, or monthly rainfall. 

The authors in [15] tried to established a relationship between the dates of onset of monsoon rainfall and the earliest sowing week at Chandigarh. In this study, an Attempt was also made to correlate the amount of monsoon rainfall i.e., rainfall in July, August and September months. It was concluded from the analysis that date of onset of monsoon rainfall highly influenced the July rainfall and the total seasonal rainfall only. It was also observed that the monthly rainfall of August and September were independent of the incidence of onset of monsoon rainfall at Chandigarh. 
Many researchers also analyzed rainfall data to characterize the drought events and water scarcity conditions in various parts of India. The authors in [6] analyzed the rainfall data in order to give an early warning system for the drought on real-time multi reservoir operations. An early warning system was developed by the researchers and proposed for drought management during the real-time reservoir operation. The system was composed of 3 main elements viz. drought vigilance, water consumption measures, and policy making. A new drought index was used in this study for characterization of drought severity. The drought warning procedures were effectively applied to two parallel reservoir regions in northern Taiwan for demonstration. In another study, The spatio-temporal variation of drought episodes was carried in portugal by [8] using the Standardized Precipitation Index at multiple time scales (1, 6 and 12 consecutive months and 6 months from April to September and 12 months from October to September) using the principal component analysis and cluster analysis. In this way, 3 different and spatially well-defined regions were identified with different temporal varition of droughts namely north, central and south regions of Portugal. 
Some researchers used multiscale rainfall data and satellite remote sensing techniques to assess drought conditions in a region. The authors in [13] analyzed the spatio-temporal variation of drought events in northern highlands of Ethiopia based on the Standardized Precipitation Index (SPI) and vegetation condition index (VCI). The results analysis indicated that the eastern and southern zones of the study area suffered a repeated cycle of drought over the last decades. It was also observed that there was a time lag between peak VCI value and precipitation values obtained from the meteorological stations across the study area. A significant agreement was witnessed between the VCI values with the present month and last two-months of precipitation. In another study, [9] calculated the SPI and four other Palmer’s indices viz. PDSI, WPLM, PHDI and the Palmer moisture anomaly Z-index and compared them to a water balance derived drought index for assessment of hydrological droughts in 14 sub-watersheds of Pinios river basin. The results showed that the water balance derived drought index is a good indicator of hydrological drought in all sub-watersheds, since it is capable to quantify drought severity and duration. SPI at 3- and 6-month timescales and the WPLM could be used along with the water balance derived drought index in risk and decision analysis at the study area. In a similar study, the researchers in [12]   analyzed variation of temporal and spatial drought patterns in Tel River basin of India using the Standardized Precipitation Index (SPI) and GIS based interpolation techniques.
The above study interprets that while the monsoon season accounts for the majority of India's yearly rainfall, a more thorough investigation of the seasonal distribution of precipitation and intra-seasonal variability is required. Understanding the distribution of rainfall during the monsoon season as well as the occurrence of dry spells or wet spells would aid in managing water resources and agricultural planning.

 
STUDY AREA AND METHODOLOGY

Study Area

	India is the seventh-largest country in the world, with a total area of 3,287,263 square kilometers. India is located between 8°4' north and 37°6' north latitude and 68°7' east to 97°25' east longitude, north of the equator. Rainfall in India exhibits drastic variation both spatially and temporally. The country's diverse topography, influenced by factors such as monsoons, oceanic currents, and regional climate systems, contributes to this variability. Understanding the patterns and trends of rainfall is crucial for so many sectors especially agricultural planning, water resource management, and disaster preparing. India experiences two major monsoon seasons: the Southwest Monsoon (June-September) and the Northeast Monsoon (October-December). The Southwest Monsoon, also known as the summer monsoon, is the primary source of rainfall for most parts of the country. It accounts for around 75-90% of the annual rainfall and it is critical for agricultural activities. The monsoon's onset, withdrawal, and spatial distribution significantly impact crop yields and water availability.

                                   [image: ]        
Fig. 1 Annual Rainfall Distribution in India (Source: https://th.bing.com/th/id/OIP.p_ReK-K_SbqdpuXVrGLnrAHaIo?pid=ImgDet&rs=1 )

Spatially, Rainfall patterns vary across different regions of India. The Western Ghats and northeastern states receive heavy rainfall due to orographic effects and proximity to moisture-laden winds. The coastal areas, including the Western Coast and the Bay of Bengal region, also experience substantial rainfall. In contrast, arid and semi-arid regions such as Rajasthan and parts of Gujarat receive minimal precipitation. At several scales, temporal variation in rainfall is seen. The term "inter-annual variability" describes changes in rainfall totals from one year to the next. The El Nio and La Nia, which are two climate events, have an impact on this variability. Over India, these two occurrences are typically accompanied by decreased rainfall and increased precipitation, respectively. These climatic patterns influence the frequency of droughts and floods in various regions of the nation.     

Methodology

The monthly rainfall data for a period of 121 years (1901-2021) was collected from the India Meteorological Department in this study. The collected rainfall data was preprocessed to take care of missing data, outliers, and irregularities. Further, a basic statistical analysis was carried out as it gives insights into the average rainfall, variability, trends, and statistical properties of rainfall patterns. These parameters form the foundation for analyzing and understanding the behavior of rainfall, enabling informed decision-making and planning in various sectors impacted by precipitation. The wet and dry years were calculated using the Standardized Precipitation Index (SPI) for the yearly and monthly rainfall data. The SPI was calculated using the equation 1 and the dry and wet years were categorized using table 1. 

SPI = (X - X̄) / σ………………………………(1)

Where, 
X is the observed precipitation value for the month
X̄ is the long-term average (mean) of the precipitation data for that month
σ is the standard deviation of the precipitation data for that month


Table 1 Drought categories using SPI
	SPI values
	Drought Category

	0  to – 0.99
	Mild drought

	-1.00 to -1.49
	Moderate drought

	-1.50 to -1.99
	Severe drought

	-2.0 or more
	Extreme drought



Figure 2 shows the detailed methodology adopted in this study. 


Figure 2. Methodology Flow Chart


RESULTS AND DISCUSSION

	
Annual and Seasonal Rainfall Analysis
The monthly data for a period of 121 years was analyzed and it was observed that the highest rainfall was occurred in the year 1917 i.e. 1344.5 cm and the lowest rainfall was observed in the year 1918 i.e. 856.5 cm as mentioned in figure 3. A huge temporal variation was observed in the rainfall in every decade. As India is an agriculture dependent country and depends on rainfed agriculture, hence a more detailed analysis of seasonal and non-seasonal rainfall was carried out to have a clear idea about the contribution of monsoon rainfall (figure 4). In the histogram, the black bars represent monsoon rainfall and the red bars represent non-monsoon rainfall. It was observed that around 70-80% of rainfall is received during June-September leading to water scarcity and drought conditions during non-monsoon season and waterlogging or flood conditions during monsoon season. By plotting monsoon seasons separately, it becomes possible to assess the strength and timing of the monsoon. Analyzing the onset, duration, and withdrawal of the monsoon season provides insights into the temporal distribution and overall performance of the monsoon rainfall. This information is crucial for agriculture, water resource planning, and climate change studies. 

The distribution of rainfall within the monsoon season is not uniform and there are variations in the timing, intensity, and duration of rainfall between different months. By examining the rainfall variation during monsoon months i.e., June, July, August, and September separately, it becomes possible to identify any shifts, anomalies, or trends in the seasonal distribution of rainfall. Each month within the monsoon season has specific implications for different crops. Say, June is crucial for the sowing of major kharif crops, while August and September are important for crop maturation and harvesting. Analyzing the monsoon rainfall variation of these months helps assess the adequacy of rainfall for each critical agricultural period. Researchers gain insights into the temporal and spatial dynamics of the monsoon season in India. It helps in understanding the seasonality, regional differences, agricultural implications, water resource management, and climate change impacts associated with the monsoon rainfall. The study depicted a wide variation in rainfall in the monsoon months over the period under observation, figure 5.



Figure 3. Annual variation of rainfall in India (1901-2021)

 


Figure 4. Seasonal and Non-Seasonal variation of rainfall in India (1901-2021)

       

  Figure 5. Variation of rainfall in monsoon months in India (1901-2021)
                
Analyis of Dry and Wet Years

As mentioned in the methodology section, the SPI was estimated to categorize the dry and wet years. The yearly SPI analysis revealed that 61 years were wet where the rainfall was more than the normal rainfall out of which 17 years were very wet leading to flood like situations. Similarly, mild drought conditions were observed for almost 41 years and severe to extreme drought conditions were observed for 7 years for the period under observation as mentioned in table 2. This information is vital for planning and allocation of water for various purposes such as agriculture, drinking water supply, industry, and ecosystems.

Table 2. Annual variation of SPI values

	SPI Category
	              No. of years

	0 to -0.99
	41

	-1to-1.45
	11

	-1.5 to -1.99
	3

	above -2
	4

	0 to 1
	44

	1 to 2
	17






Figure 6. Variation of SPI values in monsoon season and non-monsoon season.

A more detailed analysis of dry and wet months in the monsoon season was done in order to have an idea regarding the availability of rainfall during the monsoon months for crop planning and irrigation scheduling.  The variation of SPI in monsoon and non-monsoon season is shown in figure 6. More extreme droughts were experienced by the country during the non-monsoon season. It was observed that around 54% of the 121 June months were dry months while rest months were wet showing the availability of water for crops as mentioned in Table 3. Similarly, around 42% of the July months were found dry, (table 4) with different intensity of water scarcity which is not at all good for crop planning as plants need more water during the early growth stages than the late growth stages. The analysis of SPI in August months indicated that around 42 years were dry with mild water scarcity and 51% of the total August months had shown water scarcity, whereas around 49% of the years showed wet conditions as per table 5. No extreme drought was observed in any September month for the entire period under observation. However, mild to severe drought was observed in September for 55% of the years under the observation period as shown in table 6. The monthly SPI analysis enables the vulnerable regions to develop early warning systems, emergency response plans, and infrastructure designs that account for potential flooding, landslides, or water scarcity.

Table 3. Variation of SPI values in June month (1901-2021)

	SPI Value Category
	  No. of years

	0 to -0.99
	46

	-1to-1.45
	11

	-1.5 to -1.99
	6

	above -2
	2

	0 to 1
	34

	1 to 2
	21



Table 4. Variation of SPI values in July month (1901-2021)

	SPI Value Category
	  No. of years

	0 to -0.99
	40

	-1to-1.45
	4

	-1.5 to -1.99
	3

	above -2
	5

	0 to 1
	52

	1 to 2
	16



Table 5. Variation of SPI values in August month (1901-2021)

	SPI Value Category
	  No. of years

	0 to -0.99
	42

	-1to-1.45
	15

	-1.5 to -1.99
	3

	above -2
	2

	0 to 1
	38

	1 to 2
	20



Table 6. Variation of SPI values in September month (1901-2021)

	SPI Value Category
	  No. of years

	0 to -0.99
	45

	-1to-1.45
	16

	-1.5 to -1.99
	5

	above -2
	0

	0 to 1
	34

	1 to 2
	20


CONCLUSION

This study was aimed at analyzing the rainfall patterns and trends all over the Indian sub-continent and the study revealed significant insights into the complex dynamics of precipitation across the country. The annual rainfall of 121 years was analyzed and it was observed that the maximum amount of rainfall was occurred in the year 1917 and the least rainfall was observed in the year 1918 for the entire period under observation. It was also observed that around 70 to 80% of rainfall is received during monsoon season (June-September) leading to water scarcity and drought conditions during non-monsoon season and waterlogging or flood conditions during monsoon season. By examining the rainfall variation during monsoon months i.e., June, July, August, and September separately, it was observed that there are variations in the timing, intensity, and duration of rainfall between different months. The yearly SPI analysis revealed that 61 years were wet where the rainfall was more than the normal rainfall out of which 17 years were very wet leading to flood like situations. A more detailed analysis of dry and wet months in the monsoon season was done in order to have an idea regarding the availability of rainfall during the monsoon months for crop planning and irrigation scheduling. All the monsoon months witnessed water scarcity conditions in 50%-60% of the total 121 years’ time period. Analysis of station wise daily rainfall data would improve the accuracy of the study and will be benefited for the farmers. 
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Analysis of dry and wet periods over the Indian subcontinent
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Rainfall in mm



1901	1902	1903	1904	1905	1906	1907	1908	1909	1910	1911	1912	1913	1914	1915	1916	1917	1918	1919	1920	1921	1922	1923	1924	1925	1926	1927	1928	1929	1930	1931	1932	1933	1934	1935	1936	1937	1938	1939	1940	1941	1942	1943	1944	1945	1946	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	739.12	825.84	925.57	755.1	752.75	904.12	799.85	965.19	937.04	981.79	779.34	825.44	844.39	967.11	861.25	990.01	1029.6199999999999	664.05	912.69	713.84	915.23	924.12	853.67	928.34	853.95	923.36	886.17	795.27	817.33	790.23	908.51	863.26	1024.04	935.84	893.77	920.82	840.55	943.25	806.74	885.8	777.68	989.13	854.25	931.34	937.04	919.84	990.93	884.77	942.77	898.07	803.34	759.38	930.8	957.05	962.78	1009.49	807.71	921.35	1006.6	834.83	1010.44	904.49	890.89	983.54	781.23	794.14	896.64	782.04	875.23	1020.4	884.97	666.32	943.3	775.92	1020.59	904.16	881.07	936.15	796.83	883.48	920.65	757.79	973.44	839.88	805.17	783.64	726.07	1035.8499999999999	840.94	939.62	804.35	752.73	819.05	912.02	893.56	865.21	846.93	892.27	815.41	822.93	771.44	689.93	823.76	776.67	854.86	915.64	920.19	934.92	761.3	971.79	956.61	871.4	990.94	827.7	858.41	909.86	908.47	840.43	1049.69	944.39	908.14	260.77	220.53	253.96	222.04	209.92	208.77	212.72	157.76	207.17	234.87	242.22	235.44	249.62	208.36	307.56	287.52	314.88	192.53	272.86	197.92	199.41	211.96	204.41	224.52	259.73	218.81	235.1	277.54	259.11	271.44	285.24	258.47	290.86	224.77	182.84	285.3	278.19	221.53	230.97	277.14	232.26	207.51	284.1	283.99	229.99	299.36	214.98	292.93	249.23	194.67	243.27	234.37	218.84	218.61	303.4	324.85	229.41	257.32	284.15	212.47	276.54	265.04	258.74	206.33	172.27	230.21	217.6	226.73	210.56	237.47	259.93	208	274.88	248.04	257.59	197.95	326.74	270.03	251.89	199.44	250.49	245.54	263.33	215.22	267.66	248.52	259.31	224.23	193.09	302.53	228.85	212.34	247.87	244.25	253.18	244.91	272.81	294.8	247.13	219.06	252.97	218.17	230.43	251.69	259.71	274.07	213.59	221.19	236.88	276.9	187.77	194.39	263.68	237.42	266.04	208.45	248.63	178.42	271.23	287.55	301.7	1901	1902	1903	1904	1905	1906	1907	1908	1909	1910	1911	1912	1913	1914	1915	1916	1917	1918	1919	1920	1921	1922	1923	1924	1925	1926	1927	1928	1929	1930	1931	1932	1933	1934	1935	1936	1937	1938	1939	1940	1941	1942	1943	1944	1945	1946	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	1	1901	1902	1903	1904	1905	1906	1907	1908	1909	1910	1911	1912	1913	1914	1915	1916	1917	1918	1919	1920	1921	1922	1923	1924	1925	1926	1927	1928	1929	1930	1931	1932	1933	1934	1935	1936	1937	1938	1939	1940	1941	1942	1943	1944	1945	1946	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	260.77	220.53	253.96	222.04	209.92	208.77	212.72	157.76	207.17	234.87	242.22	235.44	249.62	208.36	307.56	287.52	314.88	192.53	272.86	197.92	199.41	211.96	204.41	224.52	259.73	218.81	235.1	277.54000000000002	259.11	271.44	285.24	258.47000000000003	290.86	224.77	182.84	285.3	278.19	221.53	230.97	277.14	232.26	207.51	284.10000000000002	283.99	229.99	299.36	214.98	292.93	249.23	194.67	243.27	234.37	218.84	218.61	303.39999999999998	324.85000000000002	229.41	257.32	284.14999999999998	212.47	276.54000000000002	265.04000000000002	258.74	206.33	172.27	230.21	217.6	226.73	210.56	237.47	259.93	208	274.88	248.04	257.58999999999997	197.95	326.74	270.02999999999997	251.89	199.44	250.49	245.54	263.33	215.22	267.66000000000003	248.52	259.31	224.23	193.09	302.52999999999997	228.85	212.34	247.87	244.25	253.18	244.91	272.81	294.8	247.13	219.06	252.97	218.17	230.43	251.69	259.70999999999998	274.07	213.59	221.19	236.88	276.89999999999998	187.77	194.39	263.68	237.42	266.04000000000002	208.45	248.63	178.42	271.23	287.55	301.7	Years


Rainfall in mm



Jun	1901	1902	1903	1904	1905	1906	1907	1908	1909	1910	1911	1912	1913	1914	1915	1916	1917	1918	1919	1920	1921	1922	1923	1924	1925	1926	1927	1928	1929	1930	1931	1932	1933	1934	1935	1936	1937	1938	1939	1940	1941	1942	1943	1944	1945	1946	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	111.72	131.09	157.74	143.88	83.52	198.65	174.07	163.77000000000001	222	210.98	197.32	115.62	217.85	180.23	176.22	191.95	202.79	169.6	167.38	149.47	166.62	192.42	104.05	123.46	179.86	89.31	184.43	138.71	167.56	155.25	116.25	128.1	188.76	168.81	155.72	228.5	153.34	232.41	146.91999999999999	183.82	162.13	147.91	141.29	152.62	147.44	181.79	120.33	140.22	146.49	134.21	148.83000000000001	154.19	173.88	161.63999999999999	159.38	207.75	148.26	97.72	180.4	135.59	195.31	118.47	150.01	139.82	111.98	151.35	160.94	162.57	120.12	213.8	207.47	112.4	151.41999999999999	127.8	185.61	163.57	191.12	200.67	156.79	193.22	142.82	128.74	152.79	146.52000000000001	129.78	151.97	120.76	166.4	152.33000000000001	179.54	175.95	104.92	149.47	162.13999999999999	137.08000000000001	166.75	134.57	137.37	136.33000000000001	164.75	190.64	154.33000000000001	144.4	150	128.86000000000001	137.62	159.63999999999999	210.19	94.53	141.1	180.17	102.95	229.72	107.32	185.12	153.62	159.55000000000001	155.41	122.75	160.02000000000001	161.84	Jul	1901	1902	1903	1904	1905	1906	1907	1908	1909	1910	1911	1912	1913	1914	1915	1916	1917	1918	1919	1920	1921	1922	1923	1924	1925	1926	1927	1928	1929	1930	1931	1932	1933	1934	1935	1936	1937	1938	1939	1940	1941	1942	1943	1944	1945	1946	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	248.29	268.76	303.66000000000003	259.25	252.51	279.58999999999997	233.36	310.51	320.24	290.91000000000003	182.78	318.49	286.41000000000003	335.8	264.99	286.43	267.57	153.28	278.57	274.93	302.16000000000003	293.54000000000002	313.8	294.44	314.57	321.69	322.99	293.41000000000003	290.36	291.04000000000002	318.58999999999997	337.39	279.44	281.38	306.45	272.19	310.99	289.39999999999998	273.83	287.08999999999997	253.95	351.52	301.22000000000003	335.03	335.86	301.74	309.47000000000003	301.29000000000002	322.3	334.08	285.87	262.83	302.58	306.18	255.17	349.36	282.01	325.74	338.52	310.70999999999998	315.81	294.54000000000002	273.12	348.3	306.26	267.82	318.08999999999997	272.2	329.25	253.03	234.97	206.75	308.33	271.61	304.58	291.5	302.47000000000003	283.52	234.91	292.91000000000003	319.13	250.82	305	290.02	290.74	256.5	208.84	354.92	298.3	285.45	255.15	218.17	288.04000000000002	334.13	319.02999999999997	278.54000000000002	267.89	294.86	265.41000000000003	289.32	259.89	154.08000000000001	304.97000000000003	230.07	290.72000000000003	314.51	288.52999999999997	259.66000000000003	291.88	303.62	269.5	266.20999999999998	347.61	282.04000000000002	264.37	338.91	321.55	304.57	325.33	264.57	309.07	Aug	1901	1902	1903	1904	1905	1906	1907	1908	1909	1910	1911	1912	1913	1914	1915	1916	1917	1918	1919	1920	1921	1922	1923	1924	1925	1926	1927	1928	1929	1930	1931	1932	1933	1934	1935	1936	1937	1938	1939	1940	1941	1942	1943	1944	1945	1946	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	257.81	212.7	273.62	220.55	222.41	266.60000000000002	293.17	325.92	233.97	290.08999999999997	226.8	265.61	217.22	244.07	235.18	306.06	285.19	233.71	295.16000000000003	167.71	256.95	209.31	264.45999999999998	269.77	238.11	321.74	229.77	210.35	219.59	179.44	274.2	228.94	345.11	299.29000000000002	254.79	222.89	191.57	266.26	244.18	291.95999999999998	217.52	305.13	218.84	295.44	245.11	295.33	306.38	274.47000000000003	252.57	239.45	231.13	229.15	283.3	261.02999999999997	321.45	268.99	264.58999999999997	297.22000000000003	264.18	228.37	286.32	259.70999999999998	299.01	293.75	226.87	217.69	258.63	201.71	247.84	327.79	279.11	213.19	304.11	229.06	272.95	292.94	238.85	284.08999999999997	246.44	273.94	253.92	246.21	293.45999999999998	245.52	241.93	241.91	274.18	283.73	232.41	301.58	234	254.1	192.12	265.94	253.15	271.18	282.7	266.45	229.03	237.03	218.93	253.05	217.42	260.68	209.38	271.10000000000002	259.22000000000003	292.35000000000002	211.55	299.74	302.67	275.86	252.53	227.32	252.07	252.19	251.84	230.57	321.39999999999998	312.87	214.81	Sep	1901	1902	1903	1904	1905	1906	1907	1908	1909	1910	1911	1912	1913	1914	1915	1916	1917	1918	1919	1920	1921	1922	1923	1924	1925	1926	1927	1928	1929	1930	1931	1932	1933	1934	1935	1936	1937	1938	1939	1940	1941	1942	1943	1944	1945	1946	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	121.3	213.29	190.55	131.41999999999999	194.31	159.28	99.25	164.99	160.83000000000001	189.81	172.44	125.72	122.91	207.01	184.86	205.57	274.07	107.46	171.58	121.73	189.5	228.85	171.36	240.67	121.41	190.62	148.97999999999999	152.80000000000001	139.82	164.5	199.47	168.83	210.73	186.36	176.81	197.24	184.65	155.18	141.81	122.93	144.08000000000001	184.57	192.9	148.25	208.63	140.97999999999999	254.75	168.79	221.41	190.33	137.51	113.21	171.04	228.2	226.78	183.39	112.85	200.67	223.5	160.16	213	231.77	168.75	201.67	136.12	157.28	158.97999999999999	145.56	178.02	225.78	163.41999999999999	133.97999999999999	179.44	147.44999999999999	257.45	156.15	148.63	167.87	158.69	123.41	204.78	132.02000000000001	222.19	157.82	142.72	133.26	122.29	230.8	157.9	173.05	139.25	175.54	189.42	149.81	184.3	148.74	161.77000000000001	193.59	184.64	131.83000000000001	101.98	128.47	156.97	135.91999999999999	225.9	192.41	212.8	172.72	163.34	227.33	204.27	226.38	161.08000000000001	211.02	156.85	165.14	175.53	149.88	280.20999999999998	206.93	222.42	Years
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non seasonal rainfall variance SPI	1901	1902	1903	1904	1905	1906	1907	1908	1909	1910	1911	1912	1913	1914	1915	1916	1917	1918	1919	1920	1921	1922	1923	1924	1925	1926	1927	1928	1929	1930	1931	1932	1933	1934	1935	1936	1937	1938	1939	1940	1941	1942	1943	1944	1945	1946	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	0.51159724627137959	-0.65748234178494946	0.31374853865051544	-0.61361280455917799	-0.96573120931173062	-0.99914178402009923	-0.88438372306526603	-2.4811186673887224	-1.0456260618752224	-0.24086700150841445	-2.7329850111445841E-2	-0.22430697752252726	0.18765993496849567	-1.0110533802204742	1.8709718467971175	1.2887562666617081	2.0836374179843022	-1.4709572042495924	0.86284407081414949	-1.314363293225149	-1.2710748094725659	-0.90646375504644894	-1.1258114411753084	-0.54156217388373762	0.48138246566555104	-0.70745294047920615	-0.23418488656674089	0.99881058354038288	0.46336980799669097	0.82158927421772787	1.2225161707181593	0.44477609685464237	1.3857921966842772	-0.53429900546887477	-1.7524776120096777	1.2242593311377266	1.0176948214190258	-0.62842966812549794	-0.35417242878027555	0.98718951407660127	-0.31669447975958331	-1.0357481528310089	1.189396122746385	1.1862003286438449	-0.38264404896653781	1.6327399227896151	-0.81872468059490588	1.4459312311593415	0.17632939224130914	-1.4087844826183664	3.1754572309785995E-3	-0.25539333833814021	-0.70658136026942253	-0.71326347521109612	1.7501127243737982	2.3732925743690352	-0.39949459968902001	0.41136552214627214	1.1908487564293562	-0.89164689148012888	0.96975790988093136	0.6356521627972388	0.45262031874269376	-1.0700303077491609	-2.0595643725900801	-0.37625246076145846	-0.74260667560714266	-0.47735576509635036	-0.94713749816968129	-0.16533004999384063	0.48719300039744101	-1.0215123427378772	0.92153047160624113	0.14175671058656189	0.41920974403432354	-1.3134917130153654	2.428202127585398	0.7806250043579005	0.25360950417545014	-1.2702032292627825	0.21293576105221862	6.9125026437933043E-2	0.58597209083957558	-0.81175203891663716	0.71177016778500191	0.15570199394309914	0.46918034272858095	-0.54998744924497922	-1.4546877070002995	1.7248368982900752	-0.41576409693831295	-0.89542373905585748	0.13681775606445548	3.1647077417240807E-2	0.29108745319614321	5.0821842032478713E-2	0.86139143713117661	1.5002597309025161	0.11531877755646108	-0.70018977206434319	0.28498639172765811	-0.72604665162125548	-0.36986087255637917	0.24779896944356014	0.48080141219236089	0.89799780594208534	-0.85910789698154311	-0.63830757716971165	-0.18247112745291713	0.98021687239833266	-1.6092479308685814	-1.416919231243013	0.5961405266203843	-0.16678268367681354	0.66470483645669032	-1.0084386395911245	0.15889778804563839	-1.880890429584454	0.81548821274924366	1.2896278468714926	1.7007231791527311	monsoon rainfall variation SPI	1901	1902	1903	1904	1905	1906	1907	1908	1909	1910	1911	1912	1913	1914	1915	1916	1917	1918	1919	1920	1921	1922	1923	1924	1925	1926	1927	1928	1929	1930	1931	1932	1933	1934	1935	1936	1937	1938	1939	1940	1941	1942	1943	1944	1945	1946	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	-1.6411924070363157	-0.61219147770798543	0.57118332259084281	-1.4515771527620223	-1.4794617489788304	0.31666222095231961	-0.92058324608025599	1.0413057490205988	0.7072838837001123	1.2382777903818787	-1.1639505092320555	-0.61693779195765452	-0.39208115437956664	1.0640880574190115	-0.19202400875600045	1.3358145482125856	1.8058183167860986	-2.5319569338430248	0.41835200375148751	-1.9411594676154227	0.4484910992368879	0.5539779334357906	-0.28196666378723645	0.60405154876980327	-0.27864424381246683	0.54495993636141882	0.10367136899840389	-0.97492854423897135	-0.71316931336970224	-1.0347321037848056	0.36875301984244135	-0.16817377965141173	1.7396072330032111	0.69304494095110492	0.19385133974212312	0.51482084087601843	-0.43764577117639342	0.78097041242623055	-0.83882798312970042	9.9281028317459621E-2	-1.1836477133681844	1.3253726568633128	-0.27508450812521529	0.63964890564232391	0.7072838837001123	0.50319237096432812	1.3467310709868248	8.7059269124561189E-2	0.775274835326627	0.2448742179260702	-0.87917165425189026	-1.4007915902905599	0.63324138140526931	0.9447182540398249	1.0127092056663396	1.5669600521714864	-0.82731817107425176	0.52110970725683003	1.5326679317176251	-0.50551806494666507	1.5782325485144519	0.3210525616332639	0.15967787714450335	1.2590429152241824	-1.1415241744023676	-0.98833688199428738	0.22790614448350127	-1.1319128880467877	-2.6140325730054023E-2	1.6964157733312195	8.9432426249396443E-2	-2.5050216004761494	0.78156370170743861	-1.2045314960667297	1.6986702725998131	0.31713685237728612	4.3155862315119878E-2	0.696723334494598	-0.95641791866525994	7.1752405669377753E-2	0.51280365731990807	-1.4196581894329963	1.1391984804200306	-0.4455958475445892	-0.85745726655965349	-1.1129276310481098	-1.7960409094317802	1.8797421612247001	-0.43301811478296454	0.73789761061048054	-0.86718721077147509	-1.4796990646913137	-0.69276016209612468	0.4104019273832904	0.19135952476104626	-0.14503549768427276	-0.36194205889416625	0.17605266130586281	-0.73595162176811624	-0.64672091387433139	-1.2576902156630261	-2.2248704018894134	-0.63687231180626691	-1.1956321568485997	-0.26784637889446927	0.45335607134279871	0.50734539593278916	0.68212841817686432	-1.3780092818921472	1.1196199341401432	0.9394973083651893	-7.1586284670639197E-2	1.3468497288430676	-0.59012111644702248	-0.22572283992865369	0.3847718304350759	0.36827838841747484	-0.43906966545129433	2.0439646342632636	0.79449740803778823	0.36436267916149706	years
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