


Assessment of Seasonal Rainfall Trends and Their Effects on Rice Production in Eastern Uttar Pradesh	Comment by ARA: The study has been conducted on two crops but one of them was only mentioned. Why?


ABSTRACT
Aims: 
To examine the variability and trends in monsoonal rainfall and its impact on agricultural productivity, particularly focusing on sugarcane and rice cultivation in Eastern Uttar Pradesh. The study evaluates how shifts in seasonal rainfall patterns influence crop yields and agrarian sustainability in the districts of Jaunpur, Gonda, and Mirzapur over a 27-year period (1997–2023).
Study Design: 
Retrospective agro-climatic and agricultural productivity analysis using historical meteorological and crop production data, employing correlation and trend detection techniques.
Place and Duration of Study :
Agro-meteorological research conducted using historical rainfall data sourced from the India Meteorological Department (IMD) and Banaras Hindu University, covering the period 1997 to 2023 across selected districts in Eastern Uttar Pradesh.
Methodology :
Monthly and annual rainfall data, alongside agricultural production records for sugarcane and rice, were analyzed for Jaunpur, Gonda, and Mirzapur districts. Statistical tools, including linear regression, Mann-Kendall trend test, and correlation analysis, were employed to identify rainfall variability, trend patterns, and the relationship between rainfall and crop productivity. Particular focus was given to monsoonal rainfall (June–September) as the primary driver of agricultural outcomes in the region.
Results :
Rainfall across Eastern Uttar Pradesh exhibited fluctuations over the study period, with a slight upward tendency in annual totals but without a strong long-term trend. In Jaunpur, monsoon rainfall remained relatively stable, though extreme years highlighted the need for better risk management. A moderate positive correlation (r = 0.447) was found between monsoonal rainfall and rice production, suggesting that rainfall variability is a major factor, though not the only one, in yield outcomes. Other influencing factors include agronomic practices and soil conditions.	Comment by ARA: How about sugarcane?
Conclusion :
Eastern Uttar Pradesh’s agriculture remains highly sensitive to monsoonal rainfall variability. While the southwest monsoon continues to be critical for crop performance, increasing climate extremes such as droughts and floods pose serious challenges. The study emphasizes the urgency of adopting   Adjustment methods such as enhanced water management and resilient cropping systems, to safeguard regional food security and rural livelihoods.	Comment by ARA: This row should be connected to the previous one.
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1. Introduction
Agriculture remains the backbone of India's rural economy, supporting nearly 60% of the population directly or indirectly. However, it is highly sensitive to climatic variability, particularly rainfall, which serves as the principal determinant of agricultural productivity in rain-fed regions. Among the various agro-climatic zones of the country, Eastern Uttar Pradesh (E-UP) stands out due to its fertile alluvial soils, high population density, and reliance on monsoon-driven agriculture. One of the most economically important crops in this region is sugarcane, a long-duration, water-intensive crop that significantly contributes to both farm income and the broader sugar industry.
Sugarcane cultivation in Eastern Uttar Pradesh is heavily dependent on the timely arrival and even distribution of Southwest monsoon rains, which account for over 75% of the region’s annual rainfall. However, in recent decades the region has experienced significant changes in rainfall patterns — including delayed monsoon onset, erratic intra-seasonal rainfall, unseasonal dry spells, and occasional flooding — all of which have direct consequences on sugarcane growth stages, from germination to ripening. These anomalies in rainfall distribution and volume have increasingly disrupted traditional agricultural cycles, impacting both crop yields and the efficiency of input usage, irrigation scheduling, and pest/disease dynamics (Verma et al., 2019; Sehgal et al., 2013).
Long-term meteorological records reveal a growing variability in seasonal rainfall trends across Eastern UP, both in terms of temporal shifts and spatial inconsistencies. Such climate-induced uncertainties have amplified the risk to sugarcane  farmers who are particularly susceptible due to scattered farmland and expensive agricultural inputs, and limited access to irrigation. The repercussions extend beyond individual farmers to affect the sugar processing sector, rural employment, and regional agrarian markets.
Furthermore, broader climatic changes — including rising average temperatures, frequent extreme weather events, and fluctuating CO₂ concentrations — pose additional layers of complexity. While elevated atmospheric CO₂ can enhance photosynthetic rates in C₃ crops like wheat and rice, its benefits are often negated by rising temperatures, increased evapotranspiration, and reduced soil moisture availability. Several studies, including those by Aggarwal et al. (2004) and Naresh Kumar et al. (2011, 2013, 2014), have documented how these interlinked climatic factors can lead to stagnating or even declining yields, especially when adaptive strategies are insufficient or poorly implemented.
Recent research indicates a diversifying impact of climate change across India’s Indo-Gangetic Plains (IGP), with Eastern UP emerging as particularly vulnerable due to its reliance on monsoon rainfall and limited groundwater recharge capacity. The complex interaction of temperature rise and rainfall variability necessitates a spatial and temporal assessment of crop vulnerability, which can help identify hotspots of risk and resilience. Proactive planning, based on such assessments, is essential for shaping climate-resilient agricultural policies, improving water-use efficiency, and promoting climate-smart crop management (Kumar & Bhushan, 2023; Jat et al., 2023).
This study aims to evaluate long-term rainfall trends in Eastern Uttar Pradesh and analyze their direct and indirect impacts on sugarcane productivity. By leveraging historical rainfall data, crop yield records, and regional climate models, the research will attempt to unravel the extent to which climatic fluctuations have influenced sugarcane yields over time. Moreover, the study seeks to identify vulnerability patterns and potential coping mechanisms thus providing practical guidance for policymakers, extension agencies, and farmers. In doing so, it contributes to the broader Insight into the ways climate change is reshaping agriculture in the Indo-Gangetic Plains and underscores the urgent need for comprehensive adaptation approaches at the regional level.	Comment by ARA: How about rice?

2. Materials and Method
Historical temperature and rainfall data from the past 27 years (1997-2023) for the Eastern Uttar Pradesh were collected from the India Meteorological Department and the Banaras Hindu University Varanasi. The study area’s climatic profile, along with the materials and methods used during the investigation, is detailed in the following sections.
   2.1 Meteorological data used.
The  rainfall of Eastern Uttar Pradesh gets an annual average rainfall between 1000 and 1200 mm. Approximately 90 percent of this rainfall occurs during the southwest  monsoon months, ranging from June to September. During the winter season, about 5 to 7 percent of the total rainfall occurs. A study by Tripathi et al., (1998). revealed that the post-monsoon season has minimal impact on the Eastern Uttar Pradesh, with occasional mild showers experienced in winter. These showers are sometimes unrelated to the monsoon but caused by western disturbances. In the Eastern Uttar Pradesh, excessive rainfall during the monsoon season can result in floods when rainfall is deficient, it can cause droughts.
There are 19 districts in Eastern Uttar Pradesh Out of which representative district i.e.  Jaunpur, Gonda and Mirzapur has been included in the study

2.2  Mean total rainfall
The mean weekly, seasonal and annual rainfall is worked out to study the rainfall climatology of that area. The formula is given below:	Comment by ARA: Reference is required.
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Where, 
Pi, is the rainfall at single station
i and n, is the no. of station 
P, Mean total rainfall (mm)

3. Results and discussion
Daily weather data rainfall were collected and analyzed for the selected district (Jaunpur, Gonda & Mirzapur) within the Eastern Uttar Pradesh over a long-term period (1997–2023). This analysis focused on identifying standard deviation, trend correlation analysis with the objective of assessing the impact of meteorological parameter on the region. Especially impact of rainfall on rice production of Jaunpur district.
3.1 To analyse the rainfall data of Jaunpur district of Eastern Uttar Pradesh.
The analysis of rainfall in Jaunpur district indicates a strong seasonal dependence, with the South-West (SW) Monsoon (June to September) contributing the bulk of the annual precipitation, averaging 819 mm with minimal variation (CV = 0.51%), making it the most reliable source of rainfall. Other seasons such as Summer (March to May), Post-Monsoon (October to November), and Winter (December to February) receive significantly less rainfall, with Post-Monsoon showing the highest variability (CV = 8.61%), indicating unpredictability during that period. Annual rainfall data from 1997 to 2023 further highlight fluctuations ranging between 624.8 mm (2004) and 1313 mm (2010). Despite these fluctuations, the coefficient of variation remains relatively low (mostly under 1%), pointing toward stable long-term rainfall trends. Notable years such as 2017 and 2006 experienced higher variability, showing that while the overall trend is consistent, short-term extremes still occur.
Jaunpur district experiences a predominantly monsoon-driven rainfall pattern with overall stability in yearly precipitation. This consistency is crucial for agriculture and water resource planning in the region, although occasional high-variability years suggest the need for preparedness and efficient water management systems to handle deviations in rainfall distribution. (Table no. 1)	Comment by ARA: Table 1
Signifcant rise in mean annual and seasonal Tmin for summer and winter seasonshas been reported for Upper Gangetic plains of India (Verma et al., 2019).	Comment by ARA: ???
Table no..1 Seasonal and annual averages, standard deviations, and coefficients of variation for rainfall at Jaunpur during 1997 to 2023.	Comment by ARA: Table 1

	Period
	Rainfall (mm)



	
Season
	
Mean
	
SD
	
CV (%)


	Summer
 (March to May)
	25.32
	0.91
	3.61


	        SW Monsoon
 (June to Sep.)
	819
	4.20
	0.51



	Post Monsoon
 (Oct. to Nov.)
	35.61
	2.91
	8.61



	Winter Monsoon 
( Dec. to Feb)
	39.82
	
	
	



	1.76
	4.41


	Annual

	1997
	943.9
	8.09
	0.86



	1998
	831
	8.47
	1.02



	1999
	1212.2
	9.67
	0.80



	2000
	767.5
	6.72
	0.88



	2001
	918.9
	9.09
	0.99


	2002
	696.4
	7.11
	1.02



	2003
	970.7
	8.16
	0.84



	2004
	624.8
	5.65
	0.90



	2005
	788.3
	3.48
	0.44


	2006
	727.1
	9.03
	1.24



	2007
	836.9
	6.73
	0.80



	2008
	1175.3
	12.41
	1.06



	2009
	619.4
	6.90
	1.11



	2010
	1313
	12.33
	0.94



	2011
	924
	9.20
	1.00



	2012
	926.4
	7.23
	0.78



	2013
	1110
	9.14
	0.82



	2014
	1264.5
	13.21
	1.04



	2015
	1062.9
	10.94
	1.03



	2016
	854.3
	7.05
	0.82


	2017
	948.8
	12.28
	1.29

	2018
	936.4
	8.46
	0.90

	2019
	790.4
	9.50
	1.20



	2020
	1161.2
	9.76
	0.84



	2021
	944.4
	8.11
	0.86


	2022
	831.4
	7.22
	0.87



	2023
	744.5
	6.53
	0.88





3.2 Trend analysis of Jaunpur district during 1997-2023
The graph above illustrates the annual rainfall sum from the year 1997 to 2023, with recorded data points marked by a blue diamond line and a linear trend line overlaid in black. The y-axis represents the rainfall in millimeters, while the x-axis marks the years. Although the rainfall fluctuates significantly from year to year—ranging from below 700 mm to peaks above 1200 mm—the overall trend line suggests a very slight increase in rainfall over the observed period. The linear regression equation y=2.7715x−4647.6y = 2.7715x - 4647.6 indicates a modest upward slope, meaning rainfall has increased by approximately 2.77 mm per year. However, the R2R^2 value of 0.0136 shows a very weak correlation between year and rainfall, implying that the trend is not statistically significant and that other factors may be influencing rainfall patterns more strongly than time alone.
While there appears to be a minor upward trend in annual rainfall from 1997 to 2023, the low R2R^2 value reveals that this increase is not strongly consistent. Therefore, despite some high rainfall years, no clear long-term trend can be confidently established. The data suggest that rainfall in this period is subject to high variability and is likely influenced by complex, external climatic factors. (Fig. no. 1)	Comment by ARA: Fig 1
Fig 1: Graph indicating rainfall trends (1997-2025) 
	Comment by ARA: This R2 is very low. Is it acceptable?

3.3 To examine how rainfall influences rice production	Comment by ARA: This sub-heading is not appropriate.
To evaluate the effect of rainfall on crop production in Eastern Uttar Pradesh (E.U.P.) means to study how changes in rainfall such as its amount, timing, and distribution affect plant development and crop output of crops in that region. Since agriculture in E.U.P. largely depends on monsoon rains, any variation in rainfall can significantly influence farming outcomes. Too much or too little rain can damage crops, reduce yields, or even lead to crop failure. This kind of assessment helps researchers, farmers, and policymakers understand the relationship between weather patterns and agriculture, enabling them to take smarter decisions for farming practices, irrigation planning, and food security in the area.





Table No 2 Inter relationship between Production of rice and rainfall at Jaunpur	Comment by ARA: Table 2
                                                    during 1997-2023.

	Parameter
	Production (tonnes)

	Rainfall
	0.447**



* Significance of r<0.444 at 5%, **significance of r<0.561 at 1%.
The table represents the statistical correlation between total rainfall and production in tonnes. The calculated value of 0.447 signifies a moderate positive correlation. This means that as the amount of rainfall increases, there is a general trend for production to also increase. In summary, the correlation coefficient of 0.447 suggests a moderate and meaningful relationship between rainfall and production. Rainfall positively impacts production, but its influence is partially shared with other agricultural factors. (Table no.2)
 Higher temperature and humidity are likely to increase rice blast outbreaks in Asian regions (Luo et al., 1995). The plain region ranks as the top producer of food grains in India(Sehgal et al., 2013). About 78% of its population in 63 of 75 revenue districts in UP is engaged in cultivation of crops or animal rearing related enterprises and contributes about 51 million tonnes of food grains
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