Impact of Climate Change on Rainfall Trends, Variability and Dry Spells Pattern in Central Maharashtra Region
------------------------------------------------------------------------------------------------------------------------------
Abstract
The entire study area falls in the rain shadow zone; thus, the region witnesses recurrent rainfall scarcity conditions. Therefore, the rainfall data for 47 years (1975 to 2021) was processed to study the statistical characteristics and trends of weekly, monthly, and annual rainfall using the Mann-Kendall test. The magnitude of the trend was determined using Sen's slope estimation method. The mean annual rainfall of the Central Maharashtra Region was 593 mm. June, July, August, September, and October receive an average rainfall of 113.5 mm, 86.7 mm, 94 mm, 157 mm, and 76 mm, respectively. The mean onset date of the effective monsoon lies between 1st June and 12th July in the study area. Hence, this period should be considered for sowing selected Kharif crops. Using the Mann-Kendall test (M-K), trends in annual rainfall show an increase. Using the Mann-Kendall test (M-K), trends in weekly rainfall show an increase for the 36th SWM and a decrease for the 39th SWM. Analysis of heavy rainfall events (>50 mm) demonstrates a rising frequency, particularly in recent years, indicating a shift toward high-intensity, short-duration rainfall. Intra-seasonal dry spells and drought analysis reveal that moderate and severe droughts occur in 21% and 6% of years, respectively, highlighting the region’s vulnerability to rainfall variability. The coexistence of droughts and extreme rainfall events underscores the growing climate risk, emphasizing the need for adaptive water management, soil and water conservation, and climate-resilient agricultural practices. These findings provide critical insights for planning sustainable agriculture and mitigating the impacts of erratic monsoon rainfall in semi-arid regions.
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1. Introduction
In recent decades, global warming and climate change have emerged as critical factors altering atmospheric circulation and moisture transport mechanisms, thereby affecting regional and continental-scale rainfall patterns(Takele Zike Geneti, 2019). These changes have resulted in increased variability in precipitation, including shifts in rainfall intensity, frequency, onset, and withdrawal of the monsoon(Kumi et al., 2023). Such alterations exert profound impacts on natural ecosystems, agricultural systems, and water resources(G Arvind et al., 2017). Changes in precipitation regimes disrupt ecosystem functioning, influence soil moisture dynamics, and affect biodiversity, while in agriculture, they lead to modifications in cropping patterns, sowing dates, and yield stability(Sahu et al., 2020). 
Rainfall plays a decisive role in shaping the hydrological, agricultural, and socio-economic systems of India. Among the various climatic drivers, the South-West monsoon, occurring during June to September, is the principal source of precipitation, contributing nearly 75–80% of the country’s annual rainfall(Hirapara et al., 2020). In Maharashtra (India), this dependence is even more pronounced, with approximately 85% of the annual rainfall received during the monsoon season. The spatial and temporal variability of monsoon rainfall directly influences water availability, crop productivity, groundwater recharge, and overall economic stability, particularly in rain-fed and drought-prone regions(Paswan et al., 2020).
Long-term rainfall data analysis provides essential insights into evolving climatic trends and their implications for economic development and resource planning(Kyei-mensah et al., 2019). Understanding rainfall trends is fundamental for hydrological planning at national and regional scales, including the design of reservoirs, flood control structures, and groundwater management strategies (Nandgude et al., 2014). Moreover, reliable rainfall trend assessments support sustainable agricultural water management, enabling optimised irrigation scheduling, improved water-use efficiency, and resilient crop planning in drought-prone areas(Bedane et al., 2022). Such analyses also contribute to the formulation and refinement of weather and climate models, enhancing the accuracy of rainfall prediction and early warning systems.(ABDUS SATTAR, 2015)
From an agricultural perspective, rainfall variability significantly affects crop growth stages, productivity, and yield quality(Alam et al., 2011). Identifying long-term trends and extreme rainfall events is therefore crucial for improving crop productivity and ensuring food security under changing climatic conditions(Sahu et al., 2020). In regions frequently affected by dry spells and rainfall anomalies, scientifically informed crop planning can reduce vulnerability to drought and enhance farmers’ adaptive capacity.
Rainfall analysis typically encompasses multiple dimensions, including trend analysis at yearly, monthly, and weekly scales to capture both long-term and seasonal variations(Dharani et al., 2021). The assessment of monsoon onset, effective onset, and withdrawal dates is vital for determining suitable sowing windows and minimising climatic risks in agriculture. Dry spell analysis aids in understanding intra-seasonal rainfall distribution and its influence on soil moisture stress(Barati et al., 2022). Additionally, the evaluation of agricultural and meteorological droughts provides insights into rainfall deficiencies and their impacts on crops and water resources. The consolidation and analysis of heavy rainfall events further help in assessing flood risks, infrastructure vulnerability, and extreme climate behaviour.
In this context, comprehensive rainfall analysis integrating long-term trends, monsoon dynamics, drought characteristics, and extreme rainfall events is essential for informed decision-making in hydrological planning, sustainable agriculture, and climate resilience. Such studies are particularly relevant for regions like Central Maharashtra region, where high dependence on monsoon rainfall combined with increasing climatic uncertainty poses significant challenges to water security and agricultural sustainability. Hence, the present study aimed to determine the Impact of Climate Change on Monsoon Behavior in Central Maharashtra Region.
2. Material and Methods
2.1 Study Area
The present study focuses on the Rahuri region, located in the central part of Maharashtra State, India. Rahuri lies within the Ahmednagar district and forms part of the upper Godavari River basin. Geographically, the region is situated between approximately 19°15′ to 19°35′ N latitude and 74°30′ to 74°50′ E longitude. The total geographical area is characterized by gently undulating to moderately sloping terrain, typical of the Deccan Plateau. Topographically, the region exhibits elevations ranging from about 500 to 600 m above mean sea level, with slopes generally trending towards the northeast and east, facilitating surface runoff into seasonal streams and minor tributaries of the Godavari River system. Drainage in the area is primarily dendritic, with ephemeral and intermittent streams dominating due to the seasonal nature of rainfall. The soils are predominantly medium to deep black cotton soils (Vertisols), with localized occurrences of shallow and medium-depth soils, influencing infiltration, runoff, and water-holding capacity.
The climate of the Rahuri region is classified as semi-arid to sub-humid, with a distinct monsoonal influence. The area receives the majority of its annual rainfall during the South-West monsoon season (June–September), which accounts for nearly 85% of the total annual precipitation. The average annual rainfall ranges between 500 and 700 mm, though substantial inter-annual variability is observed. The monsoon onset typically occurs in mid-June, while withdrawal takes place by late September or early October. Rainfall distribution is often erratic, marked by frequent dry spells interspersed with short-duration high-intensity rainfall events. Temperature conditions exhibit pronounced seasonal variation, with summer temperatures rising above 40°C during April and May, while winter temperatures may fall to 10–12°C during December and January. High potential evapotranspiration, combined with variable rainfall, contributes to recurrent water stress conditions, particularly during the post-monsoon and pre-monsoon periods.



2.2 Data Acquisition 
Data for the present study were obtained from the Department of Agronomy, Mahatma Phule Krishi Vigyan Kendra (MPKV), Rahuri. A continuous long-term dataset covering 47 years (1975–2021) was collected to ensure reliability and temporal consistency. The dataset represents systematically recorded observations maintained under standard meteorological processes. Such long-term data are valuable for assessing trends, variability, and long-term impacts in agricultural research.
2.2.1 Statistical Characteristics of Rainfall
Describe the variability and distribution of rainfall over the study region, basic statistical characteristics were computed using long-term rainfall data(Bhale et al., 2012). These include the mean, standard deviation, and coefficient of variation, which together provide a quantitative understanding of average rainfall conditions and their variability.
The mean rainfall () represents the average rainfall over the period of analysis and was calculated as:
Where, is the rainfall observed in the year and is the total number of observations.
The standard deviation (SD) measures the dispersion of rainfall values around the mean and indicates the degree of interannual or seasonal variability. It was computed as:
The coefficient of variation (CV), also referred to as the coefficient of deviation, expresses rainfall variability relative to the mean and facilitates comparison across different temporal scales or locations. It was calculated as:
Higher CV values indicate greater rainfall variability and higher uncertainty in rainfall occurrence, while lower values reflect more stable rainfall conditions. These statistical measures were used to assess rainfall reliability and variability in the central Maharashtra region, supporting drought analysis and agricultural planning.
2.3 Trend Analysis of Rainfall (Yearly, Monthly and Weekly)
2.3.1 Mann-Kendall test (M-K)
The Mann–Kendall (M–K) test is a non-parametric statistical method widely applied for detecting monotonic trends in hydro-meteorological time series(Joshi et al., 2019). Owing to its robustness against non-normal data distribution and its low sensitivity to outliers, the test is particularly suitable for analyzing rainfall data, which often exhibit skewness and variability(Yila et al., 2023). In the present study, the M–K test was employed to assess trends in rainfall at annual, seasonal, monthly, and weekly time scales (Kamble et al., 2020)
Let a time series of rainfall observations be represented as
The Mann–Kendall test statistic is computed as:

The sign function is defined as:

For series containing tied values, the variance of is calculated as:

The standardized test statistic is computed as:

The null hypothesis assumes no monotonic trend in the rainfall time series. Trends were evaluated at 90% (+), 95%(*), and 99%(**) confidence levels.
2.3.2 Sen’s Slope Estimation
To quantify the magnitude of rainfall trends identified by the M–K test, Sen’s slope estimator was applied. This non-parametric method provides a robust estimate of trend magnitude and is insensitive to extreme values.(Osman et al., 2021)
The slope between all possible pairs of data points is calculated as:

The Sen’s slope () is defined as the median of all values:
A positive value of indicates an increasing trend, while a negative value signifies a decreasing trend in rainfall. The statistical significance of the slope was assessed using confidence intervals derived from the M–K variance.
2.3.3 Moving Average Method
	To examine the long-term variability and smooth short-term fluctuations in rainfall time series, the Moving Average (MA) method was applied as a preliminary trend visualization technique(Bedane et al., 2022). The moving average helps to reduce random variability and highlights underlying trends by averaging rainfall values over a specified time window (Mandale et al., 2017). This method is particularly useful for identifying gradual changes in rainfall behavior prior to formal statistical testing.
The -year moving average of rainfall is computed as:

where is the moving average rainfall at time , represents the rainfall observation at time , and is the length of the moving window. In this study, moving averages of 3-year, 5-year, and 7-year windows were employed to assess short-, medium-, and long-term rainfall fluctuations. The moving average series was used solely for descriptive and exploratory analysis and not for inferential statistical testing.
2.4 Rainfall more than 50 mm rainfall event
Rainfall events exceeding 50 mm in a single day were analyzed to assess the frequency, temporal distribution, and intensity of heavy rainfall occurrences in the central Maharashtra region. Daily rainfall data were screened to identify all events with precipitation equal to or greater than 50 mm, which were classified as heavy rainfall events following commonly adopted meteorological thresholds for the region. 
The India Meteorological Department (IMD) defines heavy rainfall as events exceeding 64.5 mm day⁻¹; however, a lower threshold of 50 mm day⁻¹ is more appropriate for Central Maharashtra, particularly the semi-arid Rahuri region. This region receives low to moderate seasonal rainfall and exhibits high intra-seasonal variability. The soils are generally shallow to medium in depth and have limited infiltration capacity. Consequently, rainfall events of around 50 mm day⁻¹ are sufficient to generate substantial surface runoff, localized waterlogging, and soil erosion. Agricultural fields and drainage systems in the region are highly sensitive to such rainfall intensities. Crop damage and interruptions to field operations are frequently observed at this level of precipitation. Therefore, the 50 mm day⁻¹ threshold better represents region-specific hydrological and agricultural impacts and provides a more realistic, impact-based assessment of heavy rainfall events in semi-arid Central Maharashtra.
2.5 Onset Effective monsoon
	The Ashok Raj (1979) Onset of Effective Monsoon criteria were adopted in this study.  According to these criteria, the OEM is defined as the first occurrence of a continuous seven-day period of rainfall. The onset date was identified when the following three criteria weresatisfied: (i) the rainfall on the first day of the seven days exceeded the average daily evaporation (e, in mm) at the respective location, indicating effective soil moisture replenishment; (ii) the cumulative rainfall over the seven days was at least equal to (5e + 10) mm, ensuring sustained moisture availability; and (iii) a minimum of four days within the seven days recorded rainfall of 2.5 mm or more, classifying them as rainy days. 
2.6 Withdrawal of Monsoon
In the present study, the withdrawal of the monsoon was determined through a detailed analysis of daily rainfall data. The identification of monsoon withdrawal was based on the occurrence of a persistent dry spell towards the latter part of the monsoon period, accompanied by a marked and sustained decline in weekly rainfall totals. Such a reduction reflects the cessation of effective monsoon rainfall over the region.
2.7 Dry spell analysis
	The identification of dry spells in the present study was carried out using the criteria proposed by Ashok Raj (1979). Following the determination of the Onset of Effective Monsoon (OEM), a wet spell was defined as a continuous seven-day period receiving cumulative rainfall equal to or greater than 5e, where e represents the average daily evaporation of the station. In addition, at least four out of the seven days within the spell were required to be rainy days, each recording rainfall of 2.5 mm or more. The interval between the OEM, which was considered as the first wet spell, and the commencement of the subsequent wet spell was classified as the first dry spell. Similarly, the periods separating successive wet spells after the OEM were identified as subsequent dry spells
2.8 Drought
	Meteorological drought in the present study was assessed based on the percentage deviation of annual or seasonal rainfall from the long-term normal, following standard rainfall departure criteria. The deviation in rainfall was computed as:
Where, represents the observed rainfall for a given year or season, and denotes the corresponding long-term mean (normal) rainfall.
The meteorological drought conditions were classified into three categories based on rainfall deviation %). The rainfall deviation of 25% or above was considered as no drought conditions. A moderate meteorological drought was considered when the rainfall deviation ranged between 26% and 50%. It indicates a significant but not extreme deficiency in precipitation. Rainfall deviation was less than 50% is classified as a severe meteorological drought. In severe drought rainfall scarcity and its adverse impacts on water availability, agriculture, and hydrological systems.
3. Result and Discussions
3.1 Statistical characteristics of rainfall
The statistical analysis of annual rainfall in Table 1 shows that Central Maharashtra (Rahuri) receives a mean annual rainfall of 593.52 mm. The relatively high standard deviation of 212.98 mm highlights considerable year-to-year variability in rainfall, suggesting frequent deviations from normal conditions. The coefficient of variation of 35.88% indicates high rainfall uncertainty, which adversely impacts water availability. This type of variability increases the region's susceptibility to drought occurring and its required improved drought mitigation strategies. 
Table 1. Statistical characteristics of rainfall for Central Maharashtra (Rahuri) region
	Region
	Mean (mm)
	SD (mm)
	CV (%)

	Central Maharashtra (Rahuri)
	593.52
	212.98
	35.88


3.2 Trend Analysis of Rainfall (Yearly, Monthly and Weekly)
	 The annual rainfall data for the period 1975 to 2021 (46 years) of Central Maharashtra region (Rahuri) were analyzed using Mann-Kendall test method and Sen’s slope estimation method and results are given in table 1. The study area annual rainfall trend analysis showed a significant increase in annual rainfall at the 95% significance level. This clearly indicates that rainfall patterns in the study area are being influenced by climate change. These changes reflect altered atmospheric dynamics, resulting in increased variability and precipitation intensity over time. Such shifting rainfall trends may have important implications for regional water resources and agricultural planning. Figure 1 illustrates the annual trends in increasing rainfall as follows.
Table 2.  Annual trend analysis of Central Maharashtra (Rahuri) region
	 
Region
	Mann-Kendall test (M-K)
	Sen’s Slope Estimation
	Trend

	
	Test Z
	Q(t) (mm/year)
	

	Central Maharashtra (Rahuri)
	2.035*
	5.21
	Increasing




Fig 1. Annual trend analysis of Central Maharashtra (Rahuri) region (1975-2021)
Table 3 presents the monthly rainfall trend analysis of the study area. The results indicate that August exhibits a statistically significant increasing trend in rainfall. September follows August with a moderately rising trend, whereas all remaining months show no significant trends. This uneven distribution of rainfall trends reflects the impact of climate change, with rainfall becoming more concentrated in specific months rather than being evenly distributed throughout the season. Such shifts in rainfall distribution may increase the risk of short-duration heavy rainfall events, thereby affecting crop growth, water availability, and overall agricultural sustainability.
Table 3.  Monthly trend analysis of Central Maharashtra (Rahuri) region
	Month 
(1975 – 2021)
	Mann-Kendall test (M-K)
	Sen’s Slope Estimation
	Trend

	
	Test Z
	Q(t)
	

	January
	0.26
	-
	No Trend

	February
	- 0.18
	-
	No Trend

	March
	- 0.27
	-
	No Trend

	April
	0.47
	-
	No Trend

	May
	0.69
	-
	No Trend

	Jun
	-0.81
	-
	No Trend

	July
	0.72
	-
	No Trend

	August
	2.164227*
	1.616667
	Increasing

	September
	1.724045+
	2.25122
	Increasing

	October
	0.52
	-
	No Trend

	November
	- 0.34
	-
	No Trend

	December
	0.45
	-
	No Trend




Fig 2. August month trend analysis of Central Maharashtra (Rahuri) region (1975-2021)


Fig 3. September month trend analysis of Central Maharashtra (Rahuri) region (1975-2021)
The table 4 shows that weekly trend analysis of the study area. The weekly trend analysis for the central Maharashtra region (Rahuri) indicates that Standard Week (SWM) 36 exhibits an increasing trend, whereas SWM 39 shows a decreasing trend. The increasing trend during SWM 36 can be attributed to the active phase of the southwest monsoon over the region, which generally occurs during late August to early September and is characterized by enhanced moisture availability, frequent rainfall events, and favorable synoptic conditions such as monsoon trough activity. These factors contribute to higher rainfall and improved hydro-meteorological conditions during this period. In contrast, the decreasing trend observed in SWM 39 reflects the gradual withdrawal phase of the southwest monsoon, typically occurring by late September, when rainfall activity weakens due to reduced moisture influx and changing atmospheric circulation patterns. Fig 4 and 5 shows the weekly trend analysis of the study area. 
Table 4.  Weekly trend analysis of Central Maharashtra (Rahuri) region
	SMW
	Central Maharashtra Region (Rahuri)

	
	Test Z
	Q(t)

	22 (28 May – 3 Jun)
	0.738516
	-

	23
	-1.40129
	-

	24
	-0.84267
	-

	25
	0.918411
	-

	26
	1.088837
	-

	27
	-0.33139
	-

	28
	0.284045
	-

	29
	-0.31245
	-

	30
	1.117242
	-

	31
	1.136178
	-

	32
	-1.15511
	-

	33
	0.302981
	-

	34
	0.861602
	-

	35
	0.312449
	-

	36 (3 Sep – 9 Sep)
	2.925659**
	0.5352

	37
	0.842666
	-

	38
	1.306605
	-

	39 (24 Sep – 30 Sep)
	-1.94097+
	- 0.4523

	40
	0.189363
	-

	41
	0.284045
	-

	42
	0.331385
	-

	43(22 Oct – 28 Oct)
	0.123086
	-




Fig 4. SW 36 trend analysis of Central Maharashtra (Rahuri) region (1975-2021)


Fig 5. SW 39 trend analysis of Central Maharashtra (Rahuri) region (1975-2021)

[bookmark: _GoBack]In fig 6 five-year moving average rainfall graph illustrates the long-term variability and trend of rainfall in the study region over the period from 1975 to 2021. The green line represents annual rainfall, which shows large year-to-year fluctuations, indicating high interannual variability typical of monsoon-dominated regions. To smooth out these short-term fluctuations, a five-year moving average (blue line) is used, which highlights the underlying rainfall pattern more clearly. The moving average fluctuates around the long-term mean rainfall (black horizontal line), showing periods of below-average rainfall during the early 1980s and early 2000s, and relatively higher rainfall during the early 1990s, late 2000s, and recent years. The red linear trend line fitted to the moving average indicates a gradual increasing trend in rainfall over the study period, suggesting a slight long-term increase in rainfall despite considerable interannual variability. Overall, the five-year moving average effectively demonstrates cyclical wet and dry phases and reveals a modest upward trend in rainfall over time.

Fig 6. Moving average trend analysis of Central Maharashtra (Rahuri) region (1975-2021)
3.3 Rainfall Event more than 50 mm 
Table 5 presents the decadal and monthly distribution of rainfall events exceeding 50 mm during the southwest monsoon season (June–September) for the period 1975–2021 at Rahuri. A total of 72 heavy rainfall events were recorded, indicating that although such events are relatively infrequent, they occur consistently across decades. Monthly analysis reveals that September recorded the highest number of events (23), followed by June (20), July (15), and August (14), indicating that intense rainfall is more prevalent during the onset and withdrawal phases of the monsoon, rather than during the peak monsoon month. Decadal variation reveals that the period 1995–2004 experienced the maximum number of heavy rainfall events (19), possibly due to enhanced monsoon activity, increased frequency of low-pressure systems, and greater atmospheric moisture availability. In contrast, the earlier decades of 1975–1984 and 1985–1994 recorded fewer events, with 10 and 11 occurrences respectively, indicating comparatively lower rainfall extremes during those periods.
A notable increase in the frequency of heavy rainfall events is evident in the recent period (2015–2021), during which 16 events occurred within just six years—equal to the total observed over the entire decade of 2005–2014. If this recent period were to complete a full decade, the frequency of rainfall events exceeding 50 mm would likely surpass that of all previous decades, indicating a clear shift toward more frequent extreme rainfall events. This trend is indicative of changing rainfall characteristics, potentially linked to the influences of climate change, such as increased atmospheric moisture and altered monsoon behavior. The increasing occurrence of high-intensity, short-duration rainfall, particularly in September and June, has significant implications for the Central Maharashtra region, including heightened risks of flooding, soil erosion, increased surface runoff, and reduced groundwater recharge efficiency, thereby posing challenges for sustainable agriculture and water resource management.
Table 5 Rainfall Event more than 50 mm
	Month/Year
	1975-1984
	1985-1994
	1995-2004
	2005-2014
	2015-2021
	Total

	Jun
	1
	5
	8
	3
	3
	20

	July
	4
	1
	2
	5
	3
	15

	August
	2
	2
	2
	3
	5
	14

	September
	3
	3
	7
	5
	5
	23

	Total
	10
	11
	19
	16
	16
	72


3.4 Onset, Withdrawal and dry spell analysis of rainfall
The analysis of effective monsoon dates in Central Maharashtra (Rahuri) from 1990 to 2021 reveals significant variability in both onset and withdrawal of the monsoon. The mean onset date is observed around mid-June, while the mean withdrawal occurs in early October, indicating an average monsoon duration of nearly four months. However, the onset varies from as early as 1 June (2000 and 2020) to as late as 12–15 July (2003, 2005, 2008), and withdrawal ranges from 22–23 September (2015, 2017, 2018) to 27–29 October (2019, 2020). This interannual variability reflects the irregular nature of monsoon arrival and retreat in the region. Table 6 shows that effective monsoon Onset / Withdrawal dates. 
Table 6 Effective monsoon Onset/Withdrawal 
	Year
	Effective monsoon date

	
	Onset
	Withdrawal

	1990
	09-Jun
	16-Oct

	1991
	06-Jun
	02-Oct

	1992
	15-Jun
	06-Oct

	1993
	                      02-July        
	28-Sep

	1994
	12-Jun
	11-Oct

	1995
	24-Jun
	18-Oct

	1996
	14-Jun
	09-Oct

	1997
	13-Jun
	30-Sep

	1998
	17-Jun
	19-Oct

	1999
	17-Jun
	15-Oct

	2000
	01-Jun
	29-Sep

	2001
	08-Jun
	18-Oct

	2002
	13-Jun
	01-Oct

	2003
	04-Jul
	30-Sep

	2004
	11-Jun
	13-Oct

	2005
	10-Jul
	22-Oct

	2006
	19-Jun
	05-Oct

	2007
	02-Jun
	04-Oct

	2008
	12-Jul
	12-Oct

	2009
	20-Jun
	09-Oct

	2010
	12-Jun
	01-Oct

	2011
	06-Jul
	01-Oct

	2012
	02-Jul
	08-Oct

	2013
	03-Jun
	17-Oct

	2014
	05-Jun
	08-Oct

	2015
	08-Jun
	22-Sep

	2016
	20-Jun
	03-Oct

	2017
	11-Jun
	22-Sep

	2018
	22-Jun
	23-Sep

	2019
	23-Jun
	27-Oct

	2020
	01-Jun
	26-Oct

	2021
	27-Jun
	10-Oct


Table 7 Dry spells analysis of rainfall
	Year
	Dry Spells

	
	First
	Second
	Third
	Fourth

	
	Date
	Days
	Date
	Days
	Date
	Days
	Date
	Days

	2001
	Jun-15
	48
	Aug-17
	18
	Sep-12
	5
	-
	-

	2002
	Jun-20
	5
	Jul-02
	32
	Aug-11
	14
	Sep-02
	9

	2003
	Jul-18
	11
	Aug-05
	18
	Aug-31
	24
	-
	-

	2004
	Jun-18
	35
	Aug-07
	30
	Sep-14
	8
	-
	-

	2005
	Aug-08
	23
	Sep-15
	6
	Sep-28
	17
	-
	-

	2006
	Jun-26
	7
	Jul-10
	25
	Aug-12
	25
	-
	-

	2007
	Jun-09
	11
	Jul-05
	21
	Aug-03
	17
	Sep-10
	9

	2008
	Aug-01
	4
	Aug-12
	17
	Sep-21
	12
	-
	-

	2009
	Jun-27
	23
	Jul-27
	20
	Aug-30
	3
	Sep-18
	12

	2010
	Jun-19
	4
	Jul-07
	8
	Jul-22
	9
	Aug-06
	19

	2011
	Jul-15
	11
	Aug-02
	16
	Sep-09
	6
	Sep-22
	5

	2012
	Jul-09
	51
	Sep-11
	9
	Sep-27
	4
	-
	-

	2013
	Jun-10
	32
	Jul-26
	44
	Sep-23
	9
	-
	-

	2014
	Jun-12
	28
	Jul-18
	11
	Aug-05
	11
	Sep-10
	21

	2015
	Jun-23
	73
	-
	-
	-
	-
	-
	-

	2016
	Jun-27
	8
	Jul-13
	8
	Aug-06
	39
	
	

	2017
	Jun-18
	61
	Aug-26
	17
	-
	-
	-
	-

	2018
	Jul-14
	33
	Aug-24
	23
	-
	-
	-
	-

	2019
	Jul-07
	13
	Aug-10
	19
	Sep-06
	8
	-
	-

	2020
	Jun-08
	6
	Jul-05
	8
	Aug-02
	7
	Aug-23
	16

	2021
	Jul-04
	5
	Jul-23
	23
	Sep-10
	11
	-
	-



Table 8 presents the mean dates of the onset of the effective monsoon (OEM), monsoon withdrawal, and the occurrence of the first to fourth dry spells in the Central Maharashtra region (Rahuri). The mean date of OEM is observed on 17 June, indicating a relatively timely onset of the southwest monsoon over the region, which is crucial for initiating agricultural operations such as land preparation and sowing. The mean withdrawal date of 8 October suggests that the monsoon generally persists into early October, providing a sufficiently long rainy season for kharif crops and contributing to seasonal water availability.
The occurrence of dry spells within the monsoon season reflects significant intra-seasonal rainfall variability in the Central Maharashtra region (Rahuri), which has important implications for crop growth and water stress. The first dry spell typically occurs around 28 June, soon after monsoon onset, indicating possible early-season breaks that may affect germination and crop establishment. The second dry spell, occurring around 24 July, coincides with critical vegetative growth stages of crops, while the third dry spell around 18 August may impact flowering and reproductive stages. The fourth dry spell, occurring around 9 September, corresponds to the late monsoon phase and may influence grain filling and overall crop yield. 
These results highlight the erratic nature of monsoon rainfall in the Central Maharashtra region (Rahuri), emphasizing the need to adopt effective soil and water conservation measures. Practices such as in-situ moisture conservation, rainwater harvesting, and efficient irrigation scheduling are essential to reduce the impact of intra-seasonal dry spells. Such measures can help sustain crop growth, improve water use efficiency, and enhance resilience to monsoon variability.
Table 8 Mean Date of OEM, Withdrawal, First, Second, Third and Fourth Dry Spell 
	OEM
	Withdrawal
	First Spell
	Second Spell
	Third Spell
	Fourth Spell

	Jun-17
	Oct-08
	Jun-28
	Jul-24
	Aug-18
	Sep-09


3.5 Drought Analysis of rainfall
The annual rainfall analysis for the Central Maharashtra region (Rahuri) from 1975 to 2021 (Table 9) shows considerable interannual variability, with rainfall ranging from as low as about 267 mm (1982) to as high as 1285 mm (2020). Rainfall deviation values indicate frequent departures from the long-term mean, reflecting the highly erratic nature of the monsoon in the region. Out of the 47 years studied, the majority of years fall under the “No Drought” category, indicating normal to above-normal rainfall conditions. However, several years experienced moderate to severe droughts, particularly 1981, 1982, and 2018, which recorded severe drought conditions with rainfall deficits exceeding 50%. Moderate droughts were observed intermittently across decades, including 1976, 1978, 1985–1986, 1992, 1994, 2002–2003, 2011, and 2015, highlighting the recurring nature of rainfall deficits in the region.
Despite the occurrence of drought years, recent decades show an increase in extreme rainfall events, with exceptionally high rainfall recorded in years such as 2010, 2020, and 2021, indicating a shift toward greater rainfall variability and extremes. This coexistence of drought years and years with excessive rainfall suggests increasing climate variability in the Central Maharashtra region (Rahuri). Such variability poses significant challenges for agriculture and water resource management, as both rainfall deficits and excesses can adversely affect crop productivity. 
Table 9 Yearly Drought analysis of rainfall
	Sr. N.
	Year
	RF Annual (mm)
	Deviation (%)
	Drought Condition

	1
	1975
	674.3
	13.6101
	No Drought

	2
	1976
	362
	-39.0081
	Moderate

	3
	1977
	482.4
	-18.7224
	No Drought

	4
	1978
	376.4
	-36.5819
	Moderate

	5
	1979
	896.4
	51.0308
	No Drought

	6
	1980
	547.2
	-7.8045
	No Drought

	7
	1981
	288
	-51.4761
	Severe

	8
	1982
	267.1
	-54.9974
	Severe

	9
	1983
	574.6
	-3.188
	No Drought

	10
	1984
	450.5
	-24.0971
	No Drought

	11
	1985
	331.3
	-44.1806
	Moderate

	12
	1986
	351.2
	-40.8277
	Moderate

	13
	1987
	620
	4.4613
	No Drought

	14
	1988
	707.2
	19.1533
	No Drought

	15
	1989
	633.7
	6.7695
	No Drought

	16
	1990
	843.3
	42.0842
	No Drought

	17
	1991
	587.7
	-0.9808
	No Drought

	18
	1992
	441.6
	-25.5966
	Moderate

	19
	1993
	564.1
	-4.9571
	No Drought

	20
	1994
	366.6
	-38.2331
	Moderate

	21
	1995
	647.1
	9.0273
	No Drought

	22
	1996
	761.1
	28.2347
	No Drought

	23
	1997
	584.1
	-1.5874
	No Drought

	24
	1998
	711.5
	19.8778
	No Drought

	25
	1999
	767.2
	29.2624
	No Drought

	26
	2000
	654.2
	10.2235
	No Drought

	27
	2001
	486.63
	-18.0097
	No Drought

	28
	2002
	416.99
	-29.7431
	Moderate

	29
	2003
	297.1
	-49.9428
	Moderate

	30
	2004
	861.1
	45.0832
	No Drought

	31
	2005
	557.8
	-6.0185
	No Drought

	32
	2006
	736.9
	24.1573
	No Drought

	33
	2007
	848.2
	42.9098
	No Drought

	34
	2008
	606.5
	2.1867
	No Drought

	35
	2009
	562.8
	-5.1761
	No Drought

	36
	2010
	933.08
	57.2109
	No Drought

	37
	2011
	421.6
	-28.9663
	Moderate

	38
	2012
	467.9
	-21.1654
	No Drought

	39
	2013
	622.6
	4.8993
	No Drought

	40
	2014
	490.7
	-17.3239
	No Drought

	41
	2015
	372.8
	-37.1884
	Moderate

	42
	2016
	842.9
	42.0168
	No Drought

	43
	2017
	640.1
	7.8479
	No Drought

	44
	2018
	292.6
	-50.701
	Severe

	45
	2019
	695
	17.0977
	No Drought

	46
	2020
	1285
	116.5044
	No Drought

	47
	2021
	966.4
	62.8248
	No Drought



The drought classification analysis for the Central Maharashtra region (Rahuri) indicates (Table 10) that out of the total years studied, 34 years (72%) fall under the “No Drought” category, suggesting that normal rainfall conditions prevail during most years. However, drought occurrences are not uncommon, as 10 years (21%) experienced moderate drought conditions, reflecting significant rainfall deficits that can adversely affect crop growth and water availability. Additionally, 3 years (6%) were classified as severe drought years, characterized by extreme rainfall deficiency and heightened stress on agricultural systems and water resources.
Although severe droughts occur less frequently, their impacts are substantial, particularly in a rainfed and semi-arid region like Central Maharashtra (Rahuri). The combined occurrence of moderate and severe droughts in about 27% of the years highlights the high vulnerability of the region to rainfall variability. These results emphasize the need for robust drought mitigation strategies, including efficient soil and water conservation measures, improved irrigation management, and adoption of drought-resilient cropping systems, to reduce the adverse impacts of recurring drought conditions on agriculture and livelihoods.

Table 10 Drought information of Central Maharashtra (Rahuri) region (1975-2021)
	Drought Information

	Drought Condition
	No. of Years
	Drought

	No Drought
	34
	72%

	Moderate Drought
	10
	21%

	Severe Drought
	3
	6%


4. Conclusion
The analysis of rainfall in Central Maharashtra (Rahuri) region from 1975 to 2021 highlights significant variability in both the amount and distribution of precipitation, reflecting the region’s susceptibility to climate extremes. The mean annual rainfall of 593.52 mm, coupled with a high standard deviation (212.98 mm) and a coefficient of variation of 35.88%, underscores substantial interannual fluctuations and high rainfall uncertainty. Such variability increases the risk of drought and stresses the need for improved water management and drought mitigation strategies.
Monthly and weekly trend analyses reveal an uneven distribution of rainfall within the monsoon season. August exhibits a statistically significant increasing trend, followed by a moderate rise in September, while other months show no significant changes. Weekly analysis indicates higher rainfall during Standard Week (SWM) 36, coinciding with the active monsoon phase, and reduced rainfall in SWM 39 during monsoon withdrawal. These findings demonstrate that rainfall is increasingly concentrated in specific periods, increasing the likelihood of short-duration, high-intensity events that can disrupt agriculture and water availability. Long-term trends assessed using five-year moving averages indicate cyclical wet and dry phases, with a modest upward trend in rainfall over the study period. Decadal analysis of heavy rainfall events (exceeding 50 mm) reveals an increasing frequency, particularly in recent years (2015–2021), indicating a shift toward more extreme rainfall events. Such changes may be linked to altered monsoon behaviour and climate change, posing risks of flooding, soil erosion, surface runoff, and reduced groundwater recharge. 
Intra-seasonal variability is also pronounced, with dry spells occurring at critical stages of crop growth from germination to grain filling, highlighting the need for adaptive agricultural practices. Efficient soil and water conservation measures, rainwater harvesting, and effective irrigation scheduling are crucial in mitigating the impacts of these dry spells and ensuring sustainable crop production. Drought analysis indicates that while normal rainfall prevails in 72% of the years, moderate droughts occur in 21% and severe droughts in 6% of the years. The coexistence of drought years with years of extreme rainfall highlights the increasing climate variability in the region. This dual challenge of rainfall deficits and excesses underscores the vulnerability of agriculture and water resources in Central Maharashtra, necessitating robust mitigation strategies, including drought-resilient cropping systems and improved water management.
The study highlights that Central Maharashtra is experiencing significant rainfall variability and an increase in extreme events. These changing rainfall patterns, attributed to climate change,are more vulnerable to impacts on agricultural productivity and water availability. The findings support the need for climate-resilient kharif cropping systems and the implementation of strengthened water conservation measures tailored to semi-arid regions. Adaptive planning, targeted water management and climate-resilient agricultural practices are therefore crucial for sustaining agriculture, ensuring water security and mitigating vulnerability to both droughts and intense rainfall events
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September

September	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	269.8	21.4	93.5	43.2	293.5	41.8	0	66	353.1	160.4	88	109.4	44.2	319.10000000000002	241.2	87.7	106	89.9	72	32.5	206.6	196.3	105.1	110.6	294.8	65	166.6	84.7	69.900000000000006	373.2	223.6	221.4	212.7	323.39999999999998	64.5	234.2	101	164.3	220.1	18.8	123.6	287.10000000000002	186.6	3.8	170.2	385.8	245.4	Average	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	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	157.27000000000001	



36 Week (3-Sep to 9-Sep) 

Rainfall	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	32.6	2.8	9.3000000000000007	0	0	18.600000000000001	0	0	0	0	1	0	0.2	20.6	7.8	4.0999999999999996	2.4	13.8	13.7	25.4	27.2	56.8	0	52.3	16.7	1.5	17.600000000000001	33.700000000000003	2.8	47.8	142.30000000000001	39.1	84.6	158.19999999999999	30.3	46.3	27.5	52.5	64.2	10.9	20.6	0	13	0	3	24.8	116.8	Average	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	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	26.44255319148936	



39 Week (24-Sep to 30-Sep)

Rainfall	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	129.4	3.4	56.1	34.799999999999997	113.3	8	0	40.700000000000003	61.6	6.9	0	16	40.5	79.5	83.3	79.400000000000006	32.200000000000003	17.8	7.6	0	67.099999999999994	6.6	70	23.7	71.900000000000006	50.1	74.7	37.799999999999997	62.5	207.7	1.5	12.4	34.6	0	0	81.599999999999994	29.1	0	1.6	0	0	60.8	0	0	36.6	15.8	58.8	Average	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	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	38.625531914893607	



Moving Average Rainfall

Rainfall	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	674.30000000000007	362	482.4	376.39999999999992	896.40000000000009	547.20000000000005	288	267.09999999999997	574.6	450.49999999999994	331.3	351.2	620	707.19999999999993	633.70000000000005	843.3	587.70000000000005	441.6	564.1	366.59999999999997	647.09999999999991	761.1	584.1	711.5	767.2	654.19999999999993	486.6	417	297.10000000000002	861.09999999999991	557.79999999999995	736.9	848.19999999999993	606.5	562.80000000000007	933.0999999999998	421.6	467.9	622.6	490.7	372.80000000000007	842.9	640.1	292.60000000000002	695	1285	966.4	Moving Average Rainfall	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	558.29999999999995	532.87999999999988	518.08000000000004	475.02	514.66000000000008	425.48	382.29999999999995	394.94	465.52	492.03999999999996	528.67999999999995	631.08000000000015	678.37999999999988	642.69999999999993	614.07999999999993	560.66	521.41999999999996	556.1	584.6	614.07999999999993	694.2	695.61999999999989	640.72	607.29999999999995	524.41999999999996	543.20000000000005	523.92000000000007	573.98	660.21999999999991	722.09999999999991	662.43999999999994	737.5	674.43999999999994	598.38	601.6	587.17999999999995	475.12	559.38	593.81999999999994	527.81999999999994	568.68000000000006	751.12	775.81999999999994	Average	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	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	593.52	



Yearly Rainfall for Central Maharashtra Region (Rahuri)

Rainfall	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	674.30000000000007	362	482.4	376.39999999999992	896.40000000000009	547.20000000000005	288	267.09999999999997	574.6	450.49999999999994	331.3	351.2	620	707.19999999999993	633.70000000000005	843.3	587.70000000000005	441.6	564.1	366.59999999999997	647.09999999999991	761.1	584.1	711.5	767.2	654.19999999999993	486.6	417	297.10000000000002	861.09999999999991	557.79999999999995	736.9	848.19999999999993	606.5	562.80000000000007	933.0999999999998	421.6	467.9	622.6	490.7	372.80000000000007	842.9	640.1	292.60000000000002	695	1285	966.4	Average	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	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	593.52127659574467	



August

August	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	107.4	57.8	22.7	28.7	168.5	254.5	35.1	12.7	63	0.7	8.1	35.5	138.6	74.7	54.6	135.5	8.6999999999999993	93.4	54.1	59.5	96.5	103.4	27.5	167	17.100000000000001	251.2	95.9	138.4	79.8	33.299999999999997	62.4	118.6	187.8	67.099999999999994	201.8	182.1	92.3	74.8	55.6	184.9	15.4	53.2	223	89	99.8	136.19999999999999	157	Average	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	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	94.14	



