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ABSTRACT
[bookmark: _Hlk113729404]	Analyzing climatic behaviour at the relevant time scales is crucial in countries that rely on rain-fed agriculture. The study was carried out in the Thippasamudram tank of the Agaramar sub-basin. Data about rainfall and rainy days were obtained from the IMD data portal, Pune. This study used statistical analysis to detect trends in the temperature, rainfall, and rainy days at monthly, seasonal, and annual timescales from 1981 to 2020 at Thippasamudram village. The results revealed that the minimum temperature significantly increased during the SW and the NE monsoon seasons, summer, and yearly timescales at rates of 0.017, 0.037, 0.024, and 0.018 respectively. The Mann Whitney Pettitt test revealed that 2001 was the change point on the annual scale. The highest positive temperature anomaly was recorded in the year 2012, at a rate of 0.86. From the Precipitation Concentration Index and Rainfall Anomaly Index results, the year 2012 was characterized as very dry and had an irregular distribution of rainfall, and the tank filling levels were triangulated with the actual data and found below 50%. According to the Coefficient of variation (CV) statistics, rainfall was found to be highly variable both monthly and seasonally. While the number of rainy days was significantly varied during the season-wise rainfall in the study area, the number of yearly rainy days exhibited less variation. There was no significant change in the annual precipitation trend. These findings aligned with the tank fillings data. Hence, the Thippasamudram tank, which is rainfed, has erratic rainfall, rendering the tank filling inconsistent.
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1. INTRODUCTION
[bookmark: _Hlk193794122]	Global warming is the phenomenon of the heating up of the earth's system witnessed from the pre-industrial era. This is due to the excess release of heat-trapping gases such as water vapor, Carbon dioxide, Methane and Nitrous oxide into the earth’s atmosphere, which is mainly liberated from the energy sector, transportation sector, construction and mining industries and agriculture sector. Climate is a multi-fractal process of high fractal dimensions, and hydrological extremes are more than climate-driven phenomena; their patterns are difficult to pin down (Gan et al., 2016). IPCC Fourth Assessment Report (AR4) (IPCC, 2007) states that the rapid increase in Greenhouse Gas (GHG) emission is greatly due to the enhanced greenhouse gas effect. GHG gases capture solar radiation without reflecting and make changes in the global climate system, causing climate change. Increasing surface air temperature causes an uneven rate of evaporation from waterbodies such as lakes, tanks, etc., which leads to unpredicted high-intensity rainfall with poor rainfall distribution during non-monsoon seasons and monsoon shifts. This affects the soil moisture availability, nutrient balance and creates favorable conditions for pest and disease proliferation. A warming trend has been observed over South Asia in the last few decades, particularly in India, consistent with the global warming signal expected from human-induced climate change (Yaduvanshi et al., 2021). India ranks seventh in the global climate risk index  (Eckstein et al., 2021) and Tamil Nadu is placed in twelfth position in the overall vulnerability index (Mohanty & Wadhawan, 2021). India is a developing and resource-poor country in terms of affordability of resilience to climate change. In India, 86 % of farmers are classified as marginal and small farmers, as per the agriculture census report 2015-2016. 18% of the GHG emissions in India come from the agricultural sector (Pathak, 2015). India occupies the first place in rain-fed farming (Sathyan et al., 2018), with 55% of net sown area cultivated by rain-fed irrigation, whereas tanks act as mini reservoirs. Rainfed areas, which make up over 60% of the total agricultural land in India, contribute about 60% of the country’s agricultural GDP in spite of facing constraints of poor soil health, high soil erosion, low moisture content and less productivity (Matham et al., 2024). 
	A tank is an irrigation structure used as a mini reservoir to capture the excess runoff during monsoon seasons, which is utilized during subsequent dry seasons. It is the traditional method of irrigation. The Tamil Nadu state is proud of holding 39,000 tanks, and more than one-third of the area is irrigated by tanks. Tanks are used for drinking, irrigation, livestock farming, fish culture, ground water recharge and flood management. Dependability on these structures is deteriorating because of the hydrologic uncertainty faced under the climate variability. Research works reveal that the tank irrigated area has declined from 0.9 to 0.5 million ha. during the past forty years (Palanisami & Nanthakumaran, 2009). This is mainly due to the unpredicted rainfall happening due to climate change and irregular periodic maintenance of tank components, encroachment in the catchment area, supply channels and conflicts between local bodies and stakeholders.
	Climate change-related projections (2010-2039) predicted that agriculture is the most vulnerable sector with respect to the climate variability, which impacts the reduction of crop yields by about 4.5 to 9% (Guiteras, 2009). Precipitation and temperature are two of the most crucial variables in climate science and hydrology, serving as key indicators of climate change and variability (Farah et al., 2024). Climate change impacts the crop yield both directly and indirectly. The direct effects are heat stress, shortening of the growing period and biotic and abiotic stresses. The indirect effects are water shortage at the critical stages of crop growth, pests and disease proliferation and weed dynamics. The objective of the study is to assess the climate variability on a local scale and its impact on tank filling.
2. MATERIALS AND METHODS
[bookmark: _Hlk193794588]2.1 Study Area
	The study was carried out in the Thippasamudram tank of the Agaramar sub-basin, which is located within the administrative boundaries of the Vellore district. This tank was rehabilitated and modernized as part of the TNIAM Project Phase-2 (2017-2021). The Agaramar sub-basin lies between the geographic coordinates of latitude 12º 34’ 00” to 12º 47’ 20” N and longitude 78º 48’ 00” to 78º 57’10” E. It comes under the North Eastern agro-climatic zone. The Agaramar sub-basin is one of the nine sub-basins of the river Palar. The total sub-basin area is 575 sq.km. The approximate population is about two lakhs. The available groundwater potential is 35.32 MCM, and the surface water potential is 47.37 MCM.  The Thippasamudram tank is located in the Anicut Block of the Vellore district. It is a non-system tank, which gets its supply only from the rainfall. Total ayacut area is 115.74 ha. The sub-tropical climate prevails in this region. The water spread area map of the Thippasamudram tank is shown in Figure 1. The water spread area of the tank is 0.70 sq. km, and its capacity is 46.96 Mcft. Clayey soil, black cotton soil and red soil are mostly found across the basin. 

[image: ]
 Figure 1 Water-Spread Area Map of the Thippasamudram Tank
     (Source: Google Earth, 21 November 2022)
2.2 Study Protocol: 
	Examining climatic-behavior in the context of climate variability is essential to determine the climate-induced changes. Hence, trend analysis was performed to detect the changes in temperature, rainfall, and the number of rainy days in the Thippasamudram village during the period 1981-2020. Data analysis was done using XLSTAT software. Temperature anomaly and coefficient of variation were used to investigate temperature variation. The time series’ most likely breaking point was determined using the Mann Whitney Pettitt homogeneity test. Using the co-efficient of variation (CV), Rainfall Anomaly Index (RAI), and Precipitation Concentration Index (PCI), the variation in rainfall was determined. The study of the climate data was compared with the actual tank fillings data in order to correlate the outcomes at field level.  
2.3 Input Data
	Data about rainfall and rainy days for the years 1980-2020 were obtained from the IMD data portal, Pune. Over the years 1981-2020, data on the maximum (Tmax) and minimum temperatures (Tmin) were acquired from the Power Access NASA portal. Details regarding tank filling percentages from 2010 to 2020 was furnished by the Water Resources Department in the Agaramar subbasin of the Vellore district. 
2.4 Statistical Analysis
· Mann Kendal Trend Analysis
· Mann Whitney Pettitt Test
· Co-efficient of Variation
· Temperature Anomaly
· Rainfall Anomaly Index
· Precipitation Concentration Index
2.4.1 Mann Kendal Trend Analysis
	It is a non-parametric statistical trend analysis used to assess whether the time series has a continuous increasing or decreasing trend over the period of time at the 5% significance level. Time series data could be continuous rainfall, Tmax, Tmin data and number of rainy days.
	Working theory relies on two assumptions: Ho: There is no trend in the time series. Ha: There is a trend in the time series. Ho denotes the null hypothesis, while Ha denotes the alternative hypothesis.
If the p value is less than 0.05, accept alternate hypothesis, Ha. Otherwise reject Ha and accept null hypothesis, Ho. Classification of the trend is done based on the Z- statistics (ZMK), as shown in Table 1.
In the present study, trend analysis was done for the variables of maximum temperature (Tmax), minimum temperature (Tmin), rainfall and the total number of rainy days on monthly, seasonal and yearly time scales for the period 1981-2020.
The formula for calculating ZMK is given below:         
	 ZMK  		----------------- Eqn.1							Table 1. Classification of Trend
	Sl. No.
	Categories
	Scales

	1
	Significant trend of variable increase
	ZMK > 1.96

	2
	Non-significant trend of variable increase
	0 < ZMK > 1.96

	3
	No trend
	ZMK = 0

	4
	Non-significant trend of variable reduction
	-1.96 < ZMK < 0

	5
	Significant trend of variable reduction
	ZMK < -1.96


   Source: Hirsch et al., 1993)
In order to analyze the seasonal temperature trends, the monthly data were categorized into four seasons: Winter (January-February), Summer (March-May), the SW monsoon (June-September), and the NE monsoon (October-December). For the investigation of the seasonal rainfall trend, the months were divided into four groups: Winter (January-February), Pre-monsoon (March-May), SW monsoon (June-September), and NE monsoon (October-December). 
2.4.2 Mann Whitney Pettitt Homogeneity Test
	Mann Whitney Pettitt is a non-parametric method applied to detect the change point of increasing or decreasing variable over the time series. Working theory relies on two assumptions: Ho: Data are homogeneous; Ha: There is a date at which there is change in the data.	
	A significant change point in the time series was assessed using the probability t statistics p(t). The following formula is used to calculate p(t).
	] 	----------------- Eqn.2                                                        
Where, T is the length of time series. Accept Ha, if the estimated p(t) is below the level of significance, α = 0.05. If not, disregard Ha and accept Ho.
2.4.3 Coefficient of Variation (CV)
	The coefficient of variation (CV) of the variable, a measure of climate risk, which shows the deviation from the mean values of the variable. A higher CV value indicates greater variability, and vice versa. The CV is calculated as follows:
 -------- Eqn.3
(Hare, 2003) claims that, CV is used to categorize the amount of climatic variable fluctuation as less (CV < 20), moderate (20 < CV < 30), and more (CV > 30).
2.4.4 Temperature Anomaly
	Temperature anomaly explains the deviation of temperature from the average temperature calculated from the long-term data set. A positive anomaly denotes the observed temperature is warmer than normal temperature and negative anomaly denotes the observed temperature is cooler than normal.     
2.4.5 Rainfall Anomaly Index (RAI)
Rainfall Anomaly Index is used to analyze the intensity and frequency of dry and rainy years from the rainfall data. The formula for calculating RAI is given below:
		 		------- Eqn. 4		
Where,
   N 	 = current monthly / seasonal / yearly precipitation in mm
  Nm	 = mean annual precipitation of the time series in mm
  Mm = mean of the ten highest monthly / seasonal / annual precipitation events of the time series in mm
  Xm = mean of the ten lowest annual precipitation events of the time series in mm.
       Positive anomalies have values that are higher than average rainfall, whereas negative anomalies have lower values.  Table 2 lists the RAI intensity classes.
2.4.6 Precipitation Concentration Index (PCI)
The Precipitation Concentration Index is a potent method for assessing the temporal distribution of rainfall patterns. It is calculated as follows:

Table 2 Rainfall Anomaly Index Intensity Classes

	RAI- Range
	Intensity Class

	 Above 4
	 Extremely rainy

	 2 to 4
	 Very Rainy

	 0 to 2
	 Rainy

	 0
	 Normal

	 -2 to 0
	 Dry

	 -2 to -4
	 Very dry

	 Below -4
	 Extremely dry


       		         (Source: Van Rooy, 1965)
		 ------------ Eqn.5
	Pi denotes the ith month of the year over the course of the observation period. As indicated in Table 3, the distribution of precipitation is categorized depending on the PCI value.
3. RESULTS AND DISCUSSION
[bookmark: _Hlk112838550]3.1 Trend Analysis Results:  
ZMK and p statistics were calculated for the whole set of Tmax, Tmin, and rainfall data using Equation 1 and classified according to Table 1. Table 4 illustrates the test results of the ZMK statistics, the Sen slope estimator, and the p value of Tmax, Tmin and rainfall.
			Table 3. Classification Based on PCI Range
	Sl.No.
	PCI-Range
	Classification

	1.
	<10
	Uniform distribution

	2.
	11- 15
	Moderate distribution

	3.
	16 – 20
	Irregular distribution

	4.
	>20
	Strong irregularity


		  	Source: (Oliver, 1980)
				Table 4. Results of ZMK, Sen Slope and p value
	Time scale

	Tmax
	Tmin
	    Rainfall

	
	P
 Value
	Sen slope
(
	ZMK
	p
value
	Sen slope
(
	ZMK
	P
value
	Sen slope
(
	ZMK

	January
	0.85
	-0.004
	-0.18
	0.981
	-0.001
	-0.02
	0.279
	0
	1.08

	February
	0.84
	-0.003
	-0.19
	0.762
	-0.004
	-0.30
	0.504
	0
	-0.67

	March
	0.27
	-0.019
	-1.09
	0.034
	0.04
	2.12
	0.11
	0
	-1.60

	April
	0.038
	-0.033
	-2.07
	0.616
	0.004
	0.50
	0.901
	0
	0.12

	May
	0.188
	-0.026
	-1.31
	0.064
	0.018
	1.85
	0.857
	0.091
	0.18

	June
	0.576
	-0.013
	-0.55
	0.018
	0.021
	2.36
	0.425
	0.569
	0.80

	July
	0.825
	0.005
	0.22
	0.004
	0.022
	2.87
	0.964
	-0.022
	-0.04

	August
	0.87
	0.002
	0.16
	0
	0.018
	3.49
	0.387
	-1.046
	-0.86

	September
	0.692
	-0.008
	-0.39
	0.477
	0.006
	0.71
	0.135
	-1.508
	-1.49

	October
	0.328
	0.015
	0.97
	0.059
	0.037
	1.88
	0.629
	0.527
	0.48

	November
	0.333
	0.015
	0.96
	0.008
	0.062
	2.65
	0.661
	-0.542
	-0.44

	December
	0.753
	0.009
	0.31
	0.268
	0.015
	1.10
	0.362
	0.436
	0.91

	Winter
	0.954
	-0.001
	-0.05
	0.807
	0.003
	0.24
	0.439
	0
	0.77

	Summer
	0.059
	-0.025
	-1.88
	0.015
	0.024
	2.43
	0.796
	-0.223
	-0.26

	SW Monsoon
	0.718
	-0.006
	-0.36
	0.003
	0.017
	3.00
	0.412
	-1.878
	-0.82

	NE Monsoon
	0.753
	0.009
	0.31
	0.009
	0.037
	2.62
	0.902
	0.39
	0.12

	Annual
	0.239
	-0.014
	-1.17
	0
	0.018
	3.49
	0.661
	-1.785
	-0.44


3.1.1 Maximum Temperature (Tmax)
As noted in Table 4, the results of the MK test for Tmax for the month of April showed a statistically significant decreasing trend because the computed ZMK is less than -1.96. The Sen slope value of -0.033 ˚C/year indicates the magnitude of the declining trend. The trend of Tmax for the month of April from 1981-2020 is depicted in Figure 2. The months of January to June and September showed an insignificant decreasing trend (-1.96 < ZMK < 0), whereas the remaining months exhibited a statistically insignificant increasing trend of Tmax (0 < ZMK > 1.96) at the 5% level of significance.
The NE monsoon season exhibited a statistically insignificant trend of increase. The winter, summer and SW monsoon all revealed a statistically insignificant declining trend.
As illustrated in Figure 3, the annual analysis revealed an insignificant declining trend with a rate of 0.014 ˚C/year.
3.1.2 Minimum Temperature (Tmin)
	In terms of the monthly analysis of Tmin, the months of March, June, July, August, and November exhibited a significant increasing trend (ZMK > 1.96) whereas, the months of January and February showed an insignificant decreasing trend. The remaining months showed an insignificant increasing trend.
	On the basis of a season-wise examination, the summer, SW, and NE monsoon seasons showed a statistically significant increasing trend with the magnitude of 0.024˚C, 0.017˚C and 0.037˚C per year, respectively. While the insignificant increasing trend was observed during the winter season with a magnitude of 0.003 ˚C. According to the annual analysis, the ZMK value obtained is 3.49, which denotes a significant increasing trend, as seen in Figure 4.
3.1.3 Rainfall
	As shown in Table 4, the months of January, April, May, June, October, and December exhibited an increasing trend that was statistically insignificant (0 < ZMK > 1.96). The remaining months showed a relatively insignificant decreasing trend (-1.96 < ZMK < 0).
	In the season-wise analysis, the NE and winter seasons revealed an insignificant rising trend. The pre-monsoon and SW monsoon both exhibited a statistically insignificant declining trend. As shown in Figure 5, the annual analysis revealed an insignificant declining trend since the computed ZMK value is -0.44 with a rate of 1.785 mm/year.
3.1.4 Rainy Days
The MK test results and coefficient of variation outcomes are shown in Table 5.
Table 5. MK Test CV results
	Number of Rainy Days
	Trend Analysis Results
	CV Results

	
	p Value
	Sen Slope
	ZMK
	Mean
(days)
	SD
(days)
	CV
(%)

	Winter
	0.68
	0
	0.40
	4.5
	1.73
	38.46

	Pre-monsoon
	0.64
	0
	0.46
	7.24
	3.40
	46.92

	SW Monsoon
	0.94
	0
	-0.07
	25.27
	6.42
	25.40

	NE Monsoon
	0.92
	0
	-0.10
	17.12
	6.11
	35.67

	Annual
	0.55
	0.09
	-0.58
	50.26
	9.98
	19.98


On seasonal analysis, the number of rainy days for the NE (ZMK = -0.1) and SW (ZMK = -0.07) monsoons both indicated an insignificant declining trend. Winter (ZMK = 0.4) and pre-monsoon (ZMK = 0.46), conversely, showed an insignificant increasing trend.
On yearly analysis, an insignificant decreasing trend (ZMK= -0.58) was found at the 5% level of significance. Figures 6 and 7 show the trend in the number of rainy days on an annual and seasonal scale.



Figure 2 Trend Analysis of April Tmax
Figure 4 Trend Analysis of Annual Tmin

Figure 5 Trend Analysis of Annual Rainfall
Figure 6 Trend of Annual Number of Rainy Days

Figure 7 Trend of Number of Rainy Days during Pre-Monsoon





Figure 3 Trend Analysis of Annual Tmax

3.2 Mann Whitney Pettitt Homogeneity Test
	The Mann-Kendal statistical trend analysis identified a significant increasing trend in minimum temperature during the study period (1981-2020) on annual and seasonal time scales. The change point in the time period was assessed in accordance with Equation 2 using the Mann Whitney Pettitt homogeneity test. For the Thippasamudram region, the year 2001 was identified as the most probable change point of rising minimum temperature within the time period. According to statistics, it was found that the annual scale of climate variability has existed since 2001. The most likely change points in the year, according to the NE and SW seasonal scale, were 2008 and 1994, respectively. Figure 8 shows the homogeneity analysis of annual minimum temperature. The homogeneity analysis of minimum temperature on NE and SW seasonal scales was shown in Figures 9 and 10. As seen in Figure 11, there is no breakpoint detected for the summer.
Figure 8 Homogeneity Analysis of Temperature on Annual Scale
Figure 9 Homogeneity Analysis of Temperature during during NE Monsoon Season
Figure 10 Homogeneity Analysis of Temperature during SW Monsoon Season
Figure 11 Homogeneity Analysis of Temperature during Summer Season

3.3 Co-efficient of Variation
	The CV was calculated using Equation 3. The results are tabulated in Table 6.
Table 6 CV Results of Tmax, Tmin and Rainfall
	Timescale
	Tmax
	Tmin
	Rainfall

	
	Mean
(
	SD
(
	CV
(%)
	Mean
(
	SD
(
	CV
(%)
	Mean
(mm)
	SD
(mm)
	CV
(%)

	January
	32.03
	1.482
	21.61
	12.878
	1.107
	11.63
	23.8
	9.29
	39.03

	February
	36.08
	1.593
	22.64
	14.136
	1.122
	12.59
	46.25
	19.93
	43.09

	March
	39.385
	1.309
	30.08
	16.635
	1.173
	14.18
	46.65
	20.58
	44.12

	April
	40.874
	1.114
	36.69
	19.581
	0.96
	20.39
	39
	24.21
	62.07

	May
	40.409
	1.416
	28.53
	21.859
	0.673
	32.47
	225.25
	81.35
	36.11

	June
	36.534
	1.727
	21.15
	20.818
	0.62
	33.57
	130.7
	60.24
	46.09

	July
	34.935
	1.188
	29.40
	20.306
	0.567
	35.81
	192
	92.06
	47.95

	August
	34.358
	1.367
	25.13
	20.201
	0.407
	49.63
	182.6
	100.06
	54.80

	September
	33.348
	2.005
	16.63
	19.492
	0.716
	27.22
	240.75
	83.83
	34.82

	October
	31.356
	1.876
	16.71
	17.594
	1.4
	12.56
	207.1
	85.26
	41.17

	November
	29.616
	1.52
	19.48
	14.155
	1.802
	7.85
	230.05
	91.62
	39.82

	December
	29.323
	1.637
	17.91
	12.692
	1.245
	10.19
	167.25
	69.45
	41.52

	Winter
	34.058
	1.304
	26.11
	13.507
	0.897
	15.05
	46.25
	21.34
	46.15

	Summer
	40.22
	0.79
	50.91
	19.358
	0.635
	30.48
	118.28
	85.00
	71.86

	SW Monsoon
	20.205
	0.389
	51.94
	20.205
	0.389
	51.94
	489.88
	186.77
	38.12

	NE Monsoon
	30.098
	1.452
	20.72
	14.814
	1.01
	14.66
	
319.82
	
145.88
	
45.61

	Annual
	35.025
	0.743
	47.13
	17.523
	0.401
	43.69
	932.80
	273.40
	29.30


3.3.1 Maximum Temperature
The long term mean annual Tmax over the period of 40 years (1981-2020) in the study area was found to be 35˚C with a standard deviation (SD) of 0.743˚C and CV of 47.13%. The CV value indicates the higher annual variability.
According to the season-wise analysis, the highest mean Tmax recorded in the summer season was 40.22˚C with an SD of 0.79˚C and CV of 50.91%, indicating a higher degree of variability. The highest CV of 51.94 percent, was observed during the SW monsoon season, with an average Tmax of 20.20˚C and an SD of 0.38˚C. From this, it was evident that there exists an inter-annual fluctuation. Other seasons showed moderate fluctuation (20 < CV < 30).
On a monthly basis, December was the coldest month of the year (29.3˚C), and April was the warmest (40.8˚C), followed by May (40.4˚C). Less fluctuation was found from September to December (CV < 20). While March and April showed the greatest variability (CV > 30). The remaining months exhibited moderate fluctuation.
3.3.2 Minimum Temperature
The long term mean annual Tmin during the period of 40 years (1981-2020) in the study area was 17.5˚C with SD of 0.4 ˚C and CV of 43.69 percent, as shown in Table 6. The CV value implies a higher annual variability.
On season wise analysis, the highest mean Tmin was recorded during the SW monsoon season, at 20.2 °C with an SD of 0.38 °C and CV of 51.94 %, followed by the summer season, which had a CV of 30.48 %, showing a higher level of variability. The low fluctuation was also evident during the NE and winter seasons.
The coldest month of the year was December (12.6˚C), and the warmest was May (21.8˚C). The months January to March and October to December exhibited less variability. While September and April revealed a moderate degree of variability, greater variation was prevalent in the remaining months.
3.3.3 Rainfall
	The highest mean monthly rainfall (240.75 mm) was recorded in September, with a SD of 83.83 mm and a CV of 34.82 percent, showing a high degree of variability that contributed around 25.8 percent to the yearly rainfall. The increased variability in rainfall was evident across all the months (CV > 30).
	The season-wise analysis revealed that the SW monsoon season had the highest mean rainfall of 489.88 mm with an SD of 186.77 mm and CV of 38.12 percent, indicating a higher level of variability. The larger fluctuation was also observed in other seasons (CV > 30). The SW and NE monsoons accounted for approximately 52.5% and 34.2% of total rainfall, respectively. In terms of the percentage contribution to the mean annual rainfall, the pre-monsoon season (12.6%) made a greater contribution than the winter season (1.1%).
	The long-term mean annual rainfall over the period of 41 years (1981-2020) in the study area was 932.8 mm, with a standard deviation (SD) of 273.40 mm and a CV of 29.30%. The CV value indicates moderate annual rainfall variability (20 < CV < 30).
3.3.4 Rainy days
	As noted in Table 5, the observed mean number of rainy days during the SW monsoon was 25, with an SD of 6 days and moderately high variability (CV= 25.40%). The average number of rainy days throughout the NE and winter seasons were 17 and 4, respectively, with fluctuation (CV= 35.67 percent) and (CV= 38.46 percent). Pre-monsoon was the season with the highest variability (CV = 46.92%). 
	In the annual analysis, it was observed that there were 50 rainy days on an average, and that there was less variation (CV= 19.98%) with an SD of 10 days.

3.4 Temperature Anomaly
The temperature anomaly analysis was performed to determine the magnitude of the temperature increase over the study period while accounting for the duration from 1981 to 2020. Temperature anomalies in the Thippasamudram region are depicted in Figure 12. According to this study, the year 2012 had the highest positive anomaly, indicating that it was the warmest year during the study period, with an increase in surface air temperature of 0.86˚C, followed by 0.82˚C in 2019. The lowest negative anomaly on record occurred in 2008, with a rate of -0.85˚C, followed by 1981 with a rate of -0.67 ˚C.  Figure 13 depicts a trend of insignificant increasing temperature anomaly.
Figure 12 Anomalies of Air Temperature experienced in Thippasamudram Area

Figure 13 Trend Analysis of Temperature Anomaly

3.5 Rainfall Anomaly Index (RAI)
	For this study, RAI was calculated on seasonal and annual basis for the period 1980-2020, using the Equation 4. Figures 14, 15, and 16 illustrate the graphs that represent the positive and negative rainfall anomalies on an annual, SW and NE monsoon seasonal scales. Positive RAI values represent rainy years, whereas negative RAI values indicate dry years.
Figure 14 Rainfall Anomaly Index on Annual Scale
Figure 15 Rainfall Anomaly Index during SW Monsoon Season
Figure 16 Rainfall Anomaly Index during NE Monsoon Season

	According to the above graphs, the Thippasamudram region experienced 26 years of dry to extremely dry period, and 15 years of rainy to very rainy period on yearly basis.
	24/41 years during the SW monsoon season ranged from dry to extremely dry, and 17/41 of the years during the same period were from rainy to very rainy. 25/41 of the years during the NE monsoon season ranged from dry to very dry, and 16/41 of the years ranged from rainy to very rainy.
	The year 1996 showed the highest positive value, with a RAI of 6.503 described as extremely rainy, followed by the year 1998 with a RAI of 5.036. The year 1980 showed lower negative value, with a RAI of -5.168 regarded as an extremely dry year. 
	Rainfall intensity classes for precipitation events during the study period (1980-2020) were categorized according to Table 2 and are shown in Table 7. 
Table 7 Results of Year-wise categorization of RAI
	Years

	Rainy
	Very Rainy
	Extremely Rainy
	Dry
	Very Dry
	Extremely Dry

	Annual Scale

	1981, 1988,
1994, 2003,
2005, 2007,
2010, 2015,
    2017
	1983, 1991
1993, 1995
	1996, 1998
	1982, 1984, 1985, 1986, 1989, 1997, 2000, 2004, 2006, 2008, 2011, 2013, 2019, 2020
	1987, 1990, 1992, 1999,
2001, 2002,
2009, 2012,
2014, 2016,
  2018	
	1980

	SW Monsoon Scale

	1981, 1985,
1987, 1989,
1993, 1994, 2003, 2007,
2010, 2017,
    2019
	1983, 1988,
1991, 1995
	1996, 1998
	1982, 1984, 1986, 1990, 2005, 2006, 2009, 2011, 2012, 2013, 2014, 2015,
2016, 2020
	1997,1999,
2000,2001,
2002, 2004
2008, 2018
	1980, 1982

	NE Monsoon Scale
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1994, 1999,
2003, 2007, 2010, 2012,
     2017
	1993, 1996,
1997, 2005
	1991, 1998,
  2015
	1983, 1984, 1985, 1986, 1987, 2000, 2001, 2006, 2008, 2011, 2019, 2020
	1980, 1982, 1988, 1989,
1990, 1995,
2002, 2004,
2009, 2013,
2014, 2016,
 2018
	-



Table 7 highlights that, in terms of frequency of occurrence, dry years are more frequent than rainy years.
3.6 Precipitation Concentration Index (PCI)
Using Equation 5, the PCI was determined for the precipitation data for the years 1980 to 2020, and it was then classified in accordance with Table 3. According to Figure 17, the linear trend of the PCI value during the years 1980-2020 revealed an insignificant declining trend at a significance level of 0.05.Figure 17 Annual Precipitation Concentration Index of Thippasamudram Region


	The annual PCI value varied from the lowest of 13.29 in 2010 (moderate distribution of precipitation) to the highest of 24.68 in 1989 (strong irregular distribution). The precipitation events showed a strong irregularity in seven of the 41 years. 
	The outcomes of the trend analysis revealed that there was no statistically significant trend for rainfall and the number of rainy days. But it implies that the rainfall was distributed poorly.  Hence Thippasamudram experienced significant inter-annual variation in rainfall during the period of study. 
3.7 COMPARISON WITH THE FIELD LEVEL DATA
	The RAI and PCI results were compared with the Thippasamudram tank fillings in order to correlate the climate data at field level. The year-by-year comparison of tank filling data with RAI and PCI results is shown in Table 8. The tank filling data was found to be consistent with the RAI and PCI results. Full tank filling was attained approximately once in four years. Tank filling data was obtained through a questionnaire survey and got triangulated with the WRD officials or records. It was revealed that the climate fluctuation impacts the tank fillings.




[bookmark: _GoBack]Table 8 Comparison of Tank Filling Data with the Results of RAI and PCI
	Year

	Annual
Rainfall
(mm)
	Standard Deviation
(mm)
	Classification based on RAI
	Rainfall Distribution Based on PCI
	Percentage of tank Filling (%)

	2010
	1181.6
	79.36
	Rainy year
	Moderate distribution
	100

	2011
	926.4
	77.1
	Dry
	Irregular distribution
	<50

	2012
	732.4
	59.52
	Very dry
	Irregular distribution
	<50

	2013
	857.2
	82.27
	Very dry
	Irregular distribution
	<50

	2014
	713.8
	59.27
	Very dry
	Irregular distribution
	<50

	2015
	1182.7
	120.23
	 Rainy year
	Irregular distribution
	100

	2016
	730.9
	77.98
	Very dry
	Strong irregularity
	<50

	2017
	1009.2
	95.14
	Rainy year
	Irregular distribution
	75

	2018
	707.4
	48.16
	Rainy year
	Moderate distribution
	100

	2019
	798.8
	71.71
	Dry
	Irregular distribution
	50

	2020
	846.7
	66.26
	Dry
	Moderate distribution
	75


	The tank filling percentage for 2015 was reported as 100%, and it was classified as a rainy year by RAI. The PCI value was calculated as 19.70 (irregular distribution) and the SD from the mean rainfall was 120.23 mm. The NE monsoon was accounted for 52% of the annual rainfall, particularly rain in November contributing for 71% of the total. It describes the temporal variation of rainfall throughout time.
	In 2012, the SD was 59.52 mm, and the estimated PCI value was 15.6 (irregular distribution). Only around 4% of the annual total rainfall falls during the non-monsoon season, which results in uneven rainfall distribution and tank fill rates below 50%.
	The average annual rainfall in the Thippasamudram region was 941.7 mm; in 2018, 707.4 mm of rainfall was reported, with a SD of 48.16 mm. The moderate distribution and full-tank fills have this as its justification.
4. CONCLUSION
[bookmark: _Hlk193794949]	 The objectives of this study were to assess the temperature and rainfall variations and to observe the trends between 1981 to 2020. This study examined the statistical relationships of the data. The temperature and rainfall trend, temperature anomaly, homogeneity analysis, RAI, and PCI were carried out. The maximum temperature during the NE monsoon season showed an insignificant increasing trend of 0.009˚C, while the SW, winter, and summer revealed an insignificant declining trend of 0.006˚C, 0.001˚C, and 0.025˚C, respectively, during the study period. The SW, NE monsoon, summer, and annual Tmin exhibited an increasing trend at the rate of 0.017˚C, 0.037 ͦ˚C, 0.024 ˚C, and 0.018˚C each year, respectively. Mann Whitney Pettitt statistics indicate that there has been a yearly minimum temperature variation found since 2001. The NE seasonal scale indicated that 2008 was the year in which a shift occurred. On the SW monsoon scale, 1994 was the year in which such a shift was noticed.  
	According to the Coefficient of variation (CV) statistics, rainfall was found to be highly variable both monthly and seasonally. While the number of rainy days was significantly varied during the season-wise rainfall in the study area, the number of yearly rainy days exhibited less variation. There was no significant change in the annual precipitation trend. Poor distribution of rainfall was examined by calculating the Precipitation Concentration Index. As classified by the Rainfall Anomaly Index (RAI), the frequency of dry years was more than rainy years during the study period.
The conclusion drawn was that there has been a significant rise in the minimum temperature and that inter annual variations in the amount of rainfall have been examined in the study area. These findings got aligned with the tank fillings data. Hence the Thippasamudram tank which is rainfed, has the erratic rainfall rendered the tank filling inconsistent.
Study Highlights:
	This study assessed the climatic variability and trends at the local scale.
	The tank-filling data were triangulated with the results of climate variability.
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Trend Analysis of April Tmax from 1981 to 2020
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	41.62	41.64	41.71	40.840000000000003	42.45	40.68	41.79	39.18	42.1	41.45	42.4	41.67	40.479999999999997	41.14	39.56	40.4	38.549999999999997	42.25	41.24	42.3	39.71	41.55	40.56	42.26	39.049999999999997	41.86	39.549999999999997	40.68	40.58	40.94	39.83	40.07	40.24	40.67	38.9	43.06	41.63	40.51	40.44	39.42	Sen's slope	1981	2020	41.646637096774199	40.348943548387098	Year

Tmax in degree celsius




Annual Trend of Average Tmin from 1981 to 2020 
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	17.149999999999999	17.373999999999999	17.434999999999999	17.649999999999999	16.954999999999998	17.437999999999999	17.154	17.241	16.783999999999999	17.919	17.649999999999999	17.277999999999999	17.012499999999999	17.12	17.573	16.797499999999999	17.552499999999998	17.608000000000001	17.135000000000002	17.146000000000001	17.439	17.577999999999999	18.0275	17.29	17.809000000000001	17.824999999999999	17.482500000000002	17.1175	17.861599999999999	18.13	17.468	17.914999999999999	17.640999999999998	18.1675	17.396000000000001	17.8	17.84	17.497499999999999	18.702500000000001	17.97	Sen's slope	1981	2020	17.186522222222202	17.882455555555602	Year

Annual average Tmin deg celsius



Trend Analysis of Rainfall on Annual Scale
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	471.7	1162.8	697.6	1252.7	872.3	958.7	802.3	651.79999999999995	1142.5999999999999	909.7	699.5	1431	681.3	1200.4000000000001	956.5	1314.9	1780.5	930	1589.3	727.4	777.1	656.6	644	981.2	815.8	1033.9000000000001	791.6	1081.5999999999999	789.4	753.6	1181.5999999999999	926.4	732.4	857.2	713.8	1182.7	730.9	1009.2	707.4	798.8	846.7	Sen's slope	1980	2020	916.11470588235295	844.70294117647097	Year

Annual Rainfall,mm



Trend Analysis of Number of Rainy Days  on Annual Scale
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	34	64	36	60	56	59	56	33	54	45	48	51	39	57	56	53	73	52	64	42	54	53	32	38	47	66	49	63	50	44	62	50	38	42	43	61	40	57	42	49	57	Sen's slope	1980	2020	53.012539184952999	49.125391849529798	Year

Number of rainy days




Trend Analysis of Number of Rainy Days during Pre-Monsoon 
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	4	9	6	7	7	3	6	4	9	5	10	6	4	4	10	9	9	6	3	9	9	13	6	2	10	13	12	11	17	7	10	6	1	7	9	10	7	5	6	2	4	Sen's slope	1980	2020	7	7	Year

Number of rainy days



Annual Trend of Tmax from 1981 to 2020
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	33.86	34.799999999999997	35.765000000000001	34.793999999999997	35.234000000000002	35.570999999999998	35.844999999999999	35.28	35.976999999999997	36.655999999999999	35.765000000000001	35.700000000000003	34.963000000000001	35.207999999999998	34.158000000000001	34.518999999999998	34.832999999999998	34.311	34.362499999999997	34.595999999999997	35	35.832999999999998	36.545000000000002	34.262999999999998	34.817999999999998	34.886000000000003	34.088000000000001	33.534999999999997	35.078000000000003	34.570999999999998	34.713999999999999	36.17	34.337000000000003	35.505000000000003	34.6	35.78	34.444000000000003	35.432000000000002	35.295000000000002	33.889000000000003	Sen's slope	1981	2020	35.200614583333298	34.645677083333297	Year

Tmax (degree celsius)


Annual Homogeneity Analysis
Annual average Tmin, deg celsius	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	17.149999999999999	17.373999999999999	17.434999999999999	17.649999999999999	16.954999999999998	17.437999999999999	17.154	17.241	16.783999999999999	17.919	17.649999999999999	17.277999999999999	17.012499999999999	17.12	17.573	16.797499999999999	17.552499999999998	17.608000000000001	17.135000000000002	17.146000000000001	17.439	17.577999999999999	18.0275	17.29	17.809000000000001	17.824999999999999	17.482500000000002	17.1175	17.861599999999999	18.13	17.468	17.914999999999999	17.640999999999998	18.1675	17.396000000000001	17.8	17.84	17.497499999999999	18.702500000000001	17.97	mu1 = 17.305	1981	2001	17.305309523809498	17.305309523809498	mu2 = 17.764	2002	2020	17.764136842105302	17.764136842105302	Year

Annual average Tmin, deg celsius



Homogeneity Analysis during NE monsoon season
NE(Oct-Dec)Tmin,deg.celsius	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	13.716666666666701	15.8333333333333	14.74	15.0233333333333	13.1533333333333	14.3	14.37	13.85	13.86	15.53	13.563333333333301	14.783333333333299	13.876666666666701	14.74	15.24	13.706666666666701	17.2366666666667	13.6366666666667	14.3966666666667	13.3466666666667	14.61	14.4966666666667	14.3633333333333	14.7566666666667	14.373333333333299	16.46	13.953333333333299	13.643333333333301	15.783333333333299	16.22	15.373333333333299	15.4166666666667	14.9766666666667	15.3366666666667	14.9933333333333	15.0233333333333	16.21	14.97	17.46	15.2266666666667	mu1 = 14.484	1981	2008	14.484285714285701	14.484285714285701	mu2 = 15.583	2009	2020	15.5825	15.5825	Year

NE(Oct-Dec)Tmin,deg.celsius






Homogeneity Analysis during SW monsoon season
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SW(Jun-Sep)Tmin,deg.celsius



Homogeneity Analysis Tmin of Summer Tmin during 1981-2020 
Summer(Mar-May)Tmin,deg.celsius	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	18.98	19.036000000000001	19.582999999999998	18.742999999999999	19.123000000000001	19.126000000000001	18.239999999999998	19.922999999999998	18.463000000000001	20.312999999999999	20.545999999999999	18.542999999999999	19.16	18.86	19.132999999999999	18.920000000000002	18.303000000000001	20.393000000000001	18.193000000000001	19.256	18.866	19.742999999999999	19.420000000000002	19.02	19.853000000000002	19.626000000000001	19.776	18.806000000000001	19.815999999999999	20.006	19.393000000000001	19.913	19.366	19.96	18.690000000000001	20.206	19.190000000000001	19.382999999999999	20.542999999999999	19.902999999999999	mu = 19.358	1981	2020	19.357900000000001	19.357900000000001	Year
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TEMPERATURE ANOMALY
TEMPERATURE ANOMALY	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	-0.67458333333333098	-9.2500000000001095E-2	0.42041666666666799	4.20833333333306E-2	-8.5416666666667099E-2	-8.5833333333329903E-2	-0.111666666666665	-0.32041666666666702	-0.179166666666667	0.76833333333333098	0.20125000000000201	-0.134583333333332	-0.19208333333333599	-1.5833333333333099E-2	-0.31416666666666498	-0.52166666666666495	1.29166666666691E-2	-0.11166666666667199	-0.43124999999999902	-0.30833333333333002	4.3333333333336603E-2	0.52583333333333804	0.77874999999999495	-0.40333333333333199	-0.21791666666666401	0.17624999999999599	-0.39458333333333701	-0.85375000000000201	0.28999999999999898	0.17125000000000101	-8.8750000000000995E-2	0.86333333333333695	-0.19041666666666399	0.65625	-0.181249999999999	0.61083333333333201	-3.75000000000014E-2	0.28499999999999698	0.81874999999999798	-0.25	Year

Temperature anomaly degree celsius) 



TEMPERATURE ANOMALY
TEMPERATURE ANOMALY	y = 0.0067x - 13.443
R² = 0.0373
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	-0.67458333333333098	-9.2500000000001095E-2	0.42041666666666799	4.20833333333306E-2	-8.5416666666667099E-2	-8.5833333333329903E-2	-0.111666666666665	-0.32041666666666702	-0.179166666666667	0.76833333333333098	0.20125000000000201	-0.134583333333332	-0.19208333333333599	-1.5833333333333099E-2	-0.31416666666666498	-0.52166666666666495	1.29166666666691E-2	-0.11166666666667199	-0.43124999999999902	-0.30833333333333002	4.3333333333336603E-2	0.52583333333333804	0.77874999999999495	-0.40333333333333199	-0.21791666666666401	0.17624999999999599	-0.39458333333333701	-0.85375000000000201	0.28999999999999898	0.17125000000000101	-8.8750000000000995E-2	0.86333333333333695	-0.19041666666666399	0.65625	-0.181249999999999	0.61083333333333201	-3.75000000000014E-2	0.28499999999999698	0.81874999999999798	-0.25	Year
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Annual RAI
RAI	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	-5.1675251146465122	1.764472662663062	-2.6358880565903253	2.4541585218781559	-0.67804390412279247	0.19867862633602679	-1.4625263922322793	-3.1491637416676754	1.6095043160986024	-0.25890611761857996	-2.6145949604844967	3.8220226898208822	-2.8185604073929635	2.0529285948820561	0.18180088562108532	2.9313382820914908	6.5032819533990249	-3.1406196066829324E-2	5.0364528512641442	-2.30192265450943	-1.7449400879516939	-3.0953706567687389	-3.2365775046284471	0.37129188364792443	-1.3112333409540211	0.77559049077401387	-1.5824401439861573	1.1415305962752353	-1.6070953078981702	-2.0083020661027358	1.9087006287725583	-7.1751009741031754E-2	-2.2458881910730382	-0.84726798370069512	-2.4543363950564161	1.9171394991300299	-2.2626985301039557	0.58609949274717477	-2.5260605082549978	-1.5017505166377538	-0.9649403569171181	Year
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 SW Monsoon RAI
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		1985		958.7		25.8976		0.199		DRY				1986		1																								699.5						1182.7				1985		0.1986786263

		1986		802.3		-130.5024		-1.463		DRY				1989		1																								707.4						1181.6				1986		-1.4625263922

		1987		651.8		-281.0024		-3.149		VERY DRY				1997		1																								713.8						1162.8				1987		-3.1491637417

		1988		1142.6		209.7976		1.610		RAINY				2000		1																								727.4						1142.6				1988		1.6095043161

		1989		909.7		-23.1024		-0.259		DRY				2004		1																						AVG 10 LOW		665.11				AVG 10 HIGH		1323.85				1989		-0.2589061176

		1990		699.5		-233.3024		-2.615		VERY DRY				2006		1																																		1990		-2.6145949605

		1991		1431		498.1976		3.822		VERY RAINY				2008		1																																		1991		3.8220226898

		1992		681.3		-251.5024		-2.819		VERY DRY				2011		1																																		1992		-2.8185604074

		1993		1200.4		267.5976		2.053		VERY RAINY				2013		1																						DRY Years= 25												1993		2.0529285949

		1994		956.5		23.6976		0.182		RAINY				2019		1																						humid years=16												1994		0.1818008856

		1995		1314.9		382.0976		2.931		VERY RAINY				2020		1																																		1995		2.9313382821

		1996		1780.5		847.6976		6.503		EXTREMELY RAINY				EXTREMELY DRY		1																																		1996		6.5032819534

		1997		930		-2.8024		-0.031		DRY				1980		1																																		1997		-0.0314061961

		1998		1589.3		656.4976		5.036		EXTREMELY RAINY				EXTREMELY RAINY		2																																		1998		5.0364528513

		1999		727.4		-205.4024		-2.302		VERY DRY				1996		1						DRY Years= 25																												1999		-2.3019226545

		2000		777.1		-155.7024		-1.745		DRY				1998		1						humid years=16																												2000		-1.744940088

		2001		656.6		-276.2024		-3.095		VERY DRY				RAINY		9																																		2001		-3.0953706568

		2002		644		-288.8024		-3.237		VERY DRY				1981		1																																		2002		-3.2365775046

		2003		981.2		48.3976		0.371		RAINY				1988		1																																		2003		0.3712918836

		2004		815.8		-117.0024		-1.311		DRY				1994		1																																		2004		-1.311233341

		2005		1033.9		101.0976		0.776		RAINY				2003		1																																		2005		0.7755904908

		2006		791.6		-141.2024		-1.582		DRY				2005		1																																		2006		-1.582440144

		2007		1081.6		148.7976		1.142		RAINY				2007		1																																		2007		1.1415305963

		2008		789.4		-143.4024		-1.607		DRY				2010		1																																		2008		-1.6070953079

		2009		753.6		-179.2024		-2.008		VERY DRY				2015		1																																		2009		-2.0083020661

		2010		1181.6		248.7976		1.909		RAINY				2017		1																																		2010		1.9087006288

		2011		926.4		-6.4024		-0.072		DRY				VERY DRY		11																																		2011		-0.0717510097

		2012		732.4		-200.4024		-2.246		VERY DRY				1987		1																																		2012		-2.2458881911

		2013		857.2		-75.6024		-0.847		DRY				1990		1																																		2013		-0.8472679837

		2014		713.8		-219.0024		-2.454		VERY DRY				1992		1																																		2014		-2.4543363951

		2015		1182.7		249.8976		1.917		RAINY				1999		1																																		2015		1.9171394991

		2016		730.9		-201.9024		-2.263		VERY DRY				2001		1																																		2016		-2.2626985301

		2017		1009.2		76.3976		0.586		RAINY				2002		1																																		2017		0.5860994927

		2018		707.4		-225.4024		-2.526		VERY DRY				2009		1																																		2018		-2.5260605083

		2019		798.8		-134.0024		-1.502		DRY				2012		1																																		2019		-1.5017505166

		2020		846.7		-86.1024		-0.965		DRY				2014		1																																		2020		-0.9649403569

		AVERAGE		932.8024390244										2016		1

														2018		1

														VERY RAINY		4

														1983		1

														1991		1

														1993		1

														1995		1

														Grand Total		41
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				You are using the XLSTAT trial version. Number of days remaining until the trial expires: 11

				XLSTAT 2021.4.1.1218 - Mann-Kendall trend tests - Start time: 06/05/2022 at 11:32:53 / End time: 06/05/2022 at 11:33:02 / Microsoft Excel 16.015028

				Time series: Workbook = IMD ODUGATHOOR.xlsx / Sheet = Sheet11 / Range = Sheet11!$B:$B / 41 rows and 1 column

				Date data: Workbook = IMD ODUGATHOOR.xlsx / Sheet = Sheet11 / Range = Sheet11!$A:$A / 41 rows and 1 column

				Significance level (%): 5

				Continuity correction: Yes

				Confidence interval (%)(Sen's slope): 95

				Summary statistics:

				Variable		Observations		Obs. with missing data		Obs. without missing data		Minimum		Maximum		Mean		Std. deviation

				RAI		41		0		41		-5.168		6.503		-0.374		2.437

				Mann-Kendall trend test / Two-tailed test (RAI):

				Kendall's tau		-0.049

				S		-40.000

				Var(S)		7926.667

				p-value (Two-tailed)		0.661

				alpha		0.050

				An approximation has been used to compute the p-value.

				Test interpretation:

				H0: There is no trend in the series

				Ha: There is a trend in the series

				As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0.

				The continuity correction has been applied.

				Sen's slope:

						Value		Lower bound (95%)		Upper bound (95%)

				Slope		-0.017		-0.083		0.049

				Intercept		34.120		-99.393		164.153

				Summary:

				Series\Test		Kendall's tau		p-value		Sen's slope

				RAI		-0.049		0.661		-0.017
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