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                                                                     ABSTRACT
This study examines the climatic trends and their relationship with green gram yield in the Prayagraj region over the period 1992–2024. Long-term analysis of meteorological data revealed distinct seasonal patterns and significant shifts in temperature, rainfall, and humidity. The annual mean maximum temperature (33.51 °C) showed a statistically significant decreasing trend, particularly during winter, with the strongest declines in December and January. In contrast, the annual mean minimum temperature (21.46 °C) exhibited a slight increasing tendency, with significant warming in September and October, indicating a narrowing diurnal temperature range. Rainfall patterns were highly seasonal, with over 80 % of precipitation concentrated in the monsoon months. Trend analysis indicated a gradual increase in annual and monsoonal rainfall, particularly in June, July, and May, while winter and post-monsoon rainfall declined. Relative humidity displayed a consistent and statistically significant upward trend annually and across most seasons, with the highest increases during winter and post-monsoon periods.
Correlation analysis between weather parameters and green gram yield highlighted stage-specific sensitivities. Excessive maximum temperatures during pod development, especially in SMW 33, significantly reduced yields, whereas adequate rainfall during flowering (SMW 30) and higher relative humidity during both pod development and early harvest positively influenced productivity. These findings suggest that climate variability in Prayagraj is characterized by cooler days, warmer nights, rising humidity, and shifting rainfall distribution, all of which have critical implications for crop management. The study underscores the need for adaptive agricultural strategies tailored to phenological stages to mitigate adverse climatic effects and sustain green gram yields under changing climate conditions.
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1.INTRODUCTION
Climate change and variability will directly and significantly affect the current and future agriculture (Gregory et al 2010). Changes in farm operational schedules also lead to changes in productivity and therefore contribute to inter-annual changes in crop yield (Adejuwon 2005). Crop growth and development are affected by solar radiation, relative humidity, rainfall, temperature and cloud cover which combine to produce the observed impacts of climate on crop yield (Daubenmire 1974). Ayinde et al (2011) observed the effect of climate change on agricultural productivity in Nigeria. Kumar and Sharma (2014) carried out the study for the understanding of relationship between climatic factors and sugarcane productivity. Mali et al (2014) analyzed the impact of weather changes on sugarcane production and to quantify the interrelationship between different weather parameters and yield of sugarcane. Dhuppar et al (2013) conducted micro-level location specific study to understand the impact of weather changes on lentil crop production at Agra. Many studies gave the clear evidence that due to climate change agricultural productivity in different regions of India and other countries of the world was decreasing. Green gram is one of the most important pulse crops. It is grown in almost all parts of the country. In India green gram is grown on an area of about 3 million hectares with the production of about 1 million tonne. The major green gram growing states are Orissa, Maharashtra, Andhra Pradesh, Telangana, Rajasthan, Madhya Pradesh, Bihar, Karnataka and Uttar Pradesh. Green gram is best suited to areas having an annual rainfall of 60 to 75 cm. It requires a hot and warm climate. Green gram is considered to be hardiest among all pulse crops and can tolerate drought to a great extent. 
Hence it is successfully grown in all adverse conditions and particularly in drought prone areas during kharif season. However water logging and cloudy weather are harmful for the crop. Yield is mainly determined by ecological factors including climate, soil, pests and diseases. Due to the large variability in weather parameters presently farmers are facing many problems in getting production of crop in all regions of Maharashtra. Looking to the adverse climatic situation and persistent changes in productivity of green gram in Jalgaon district the present investigations were undertaken in order to study the impact of weather parameters on productivity of green gram.
The seed yield of green gram have significant positive correlation with weather parameters during the different phenophases and impact of temperature on phenology and crop yield can be evaluated under field conditions by means of an accumulated heat unit system. The change in sowing dates directly impacts both thermal and photoperiod, and thus has a significant effect on the development phase and compartmentalization of dry matter. Since the crop has to pass its life cycle within a particular atmospheric specification, to properly demarcate its growing season, it is important to examine the effect of weather parameters on the crop. Keeping the above facts in view, the present investigation was carried out to study the influence of weather parameters and thermal indices on green gram.     Most susceptible climate change area is agriculture as it is highly dependent on rainfall and temperature variation (Philip et al., 2014). In developing countries like India, agriculture is the main sources of income and any noticeable changes in the monsoon rainfall (pattern, intensity and frequency) directly affect the livelihood of major population (Kumar et al., 2010).
Green gram production in Uganda is constrained by many challenges including; poor management of pests and prediction exist including plot-by-plot analysis which using experts or farmer tacit knowledge based on plant observation to predict yield (Fermont and Benson, 2011).Using this method a farmer or expert relay on their past experiences combined with plant physiological presentation to predict the yields (Anjitha et al., 2021). Additionally, Fuzzy logic (FL) which works on the principle of assigning a particular output depending on the probability of the state of the input (Chopra et al., 2021), Adaptive Neuro Fuzzy Inference System (ANFIS) and Multiple Linear Regression (MLR) which attempts to model the relationship between two or more explanatory variables and a response variable by fitting a linear equation to observed data (Bazrafshan et al., 2022; Joensuu et al., 2020) have been proposed. However, FL, ANFIS, MLR and Artificial Neural Network approaches where developed based on data sets from other countries and do not effectively represent the unique ecological zones (Setzer and Higham, 2021) and farm management practices of Uganda (Agnolucci et al., 2022). Thus, focus of this study was to develop a green gram yield prediction model suitable for Ugandan agro ecological zone, climate variation and farm management practices which can be effectively used by rural farmers.
                                              
2. MATERIAL AND METHODS
2.1 Experimental site: This chapter outlines the study area, climate characteristics, data sources, and methodological approach used to assess the impact of climate variability on Green Gram cultivation in Prayagraj. Prayagraj is situated at coordinates 25.45°N and 81.84°E in the southern region of Uttar Pradesh, with an elevation of 98 meters (322 feet). This city is positioned at the confluence of the Ganges and Yamuna rivers. Historically, the area was referred to as Vats country.
2.2 Climate:
Prayagraj exhibits a characteristic humid subtropical climate prevalent in the north-central region of India. The city undergoes three distinct seasons: a hot and dry summer, a cool and dry winter, and a warm and humid monsoon. The summer months, which span from April to June, see peak temperatures fluctuating between 40 °C (104 °F) and 45 °C (113 °F). The monsoon period commences in early July and continues until September, while the winter season is observed from December through February.
2.3 Weather Data: 
2.4 Crop Yield Data: The data regarding the annual production (measured in kilograms) and the area under cultivation (expressed in hectares) for green gram crop (Kharif season) in the Prayagraj district, spanning the years 1997 to 2022, has been obtained from the district-level yield database curated by the Directorate of Economics and Statistics within the Department of Agriculture and Farmers Welfare.
Software and Tools used:
2.5 Excel To process and organize the climatic data, Microsoft Excel was extensively used. Daily weather data such as rainfall, temperature, and other relevent parameters were initially compiled in Excel spreadsheets. Using Pivot Tables, the daily data were systematically aggregated into monthly, annual, seasonal & weekly summaries for further analysis.

The leading data analysis and statistical solution for Microsoft Excel. XLSTAT is a powerful yet flexible Excel data analysis add-on that allows users to analyse, customize and share results within Microsoft Excel, XLSTAT is a statistical and data analysis add-in for Microsoft Excel, widely used in fields like agriculture, business analytics, engineering, life sciences, and market research. It enhances Excel with advanced statistical and machine learning tools without requiring programming skills. 14-day trial version of software has been used for Trend analysis with the help of Mann- Kendell Test &Sen's slope estimator and Pearson correlation coefficient. 
Variability.
2.7 Variability:
The variability terms (standard deviation, mean and coefficient of variation) were computed over monthly, seasonal and annual periods for maximum and minimum temperature, rainfall and relative humidity of Prayagraj districts during 1992 to 2024.
2.7.1 Mean:
The mean (average) values of climatic parameters such as maximum temperature, minimum temperature, rainfall, and solar radiation were calculated on a monthly, seasonal, and annual basis by using expression:
                                                                                                       ……………. (1)
Where: 
 is the mean of the observations.
  is the observation
n is the total number of observations.
2.7.2 Standard Deviation:
In statistics, the standard deviation (SD, also represented by the Greek letter sigma  or the Latin letter s) is a measure that is used to quantify the amount of variation or dispersion of a set of data values. A low standard deviation indicates that the data points tend to be close to the mean (also called the expected value) of the set, while a high standard deviation indicates that the data points are spread out over a wider range of values. Norman et al., (2003).
                                                 =                                                ………………(2)
Where 
          = Standard deviation
        Xi = Each value of the data set
          = Arithmetic mean of data
         N = Total numbers of data points
2.7.3 CV (Coefficient of Variation):
             The coefficient of variation (C.V.) is defined as the ratio of the standard deviation to the mean. It shows the extent of variability in relation to the mean of the population. Abdi, H. (2010).
                                           Coefficient of variation =                …………………(3)
Where 
         = Standard deviation
          = Mean
Trend Analysis of Climatic Data.
2.8 Mann Kendell Test:
              The Mann-Kendall test is a non-parametric method used for trend analysis of time series data (Kendall 1975). Major advantage of Mann-Kendall test is that it is free from statistical distributions which are required for parametric method. Due to its simplicity and broader application, World Meteorological Organization (WMO) has recommended this method to assess the monotonic trend in hydro-meteorological time-series (Tian et al. 2012). The null hypothesis (H0) for the Mann-Kendall test is that there is no trend or serial correlation among the analysed population against the alternative hypothesis (H1), which assumes increasing or decreasing monotonic trend. The data values are evaluated as an ordered time series. Each data value is compared with all subsequent data values. If a data value from a later time period is higher than a data value from an earlier time period, the statistic S is incremented by 1 and if the data value from a later time period is lower than a data value sampled earlier, S is decremented by 1. The net result of all such increments and decrements yields the final value of S (Shahid 2011).
The Mann-Kendall statistic S is given as

where, S is Mann-Kendall statistic and sgn is the signum function. The application of trend test is done to a time series xi that is ranked from i = 1, 2,………n-1 and xj , which is ranked from j = i+1, 2, n. Each of the data point xi is taken as a reference point which is compared with the rest of the data points xj so that,
                                                  Sgn(xj-xi) =
If n < 10, then value of |S| is compared directly to the theoretical distribution of S derived by Mann and Kendall. At certain probability level H0 is rejected in favour of H1 if the absolute value of S equals or exceeds a specified value Sα/2, where Sα/2 is the smallest S which has the probability less than α/2 to appear in case of no trend. A positive value of S indicates an upward trend and negative value indicates downward trend (Salmi et al. 2002, Luo et al. 2008). For n > 10, the statistic S is approximately normally distributed with the mean E(s)=0 and variance. The variance statistic is given as

where, ti is considered as the number of ties up to sample i. The presence of a statistically significant trend is evaluated using the Zc value. Where, Zc test statistics and is given by

A positive value of Zc indicates an increasing trend and negative value indicates decreasing trend. The statistic Zc is normally distributed. To test an increasing or decreasing monotone trend, a two-tailed test at α level of significance is used. Null hypothesis (H0) is rejected if the absolute value of Zc is greater than Z1–α/2 where, Z1–α/2 is obtained from the standard normal cumulative distribution tables. Where, α is the significance level for the test and ±Z1–α/2 are the standard normal deviates. In this study, α and Z1–α/2 were taken as 95% and ±1.96, respectively. 
True slope (change per unit time) within the time series is estimated through procedure laid by Sen (1968) in case the trend is linear. The magnitude of trend is predicted by the Sen’s estimator. Slope is given by

where, xj and xk are data values at times j and k (j > k) respectively. The median of these N values of Qi is represented as Sen’s estimator. Qmed = Q (N+1)/2 if N is odd, and Qmed= [Q N/2 + Q (N+2)/2]/2 if N is even. Positive value of Qi indicates an increasing trend and a negative value of Qi shows decreasing trend in the time series.
2.9 Correlation Analysis Correlation is a term that refers to the strength of a relationship between two variables. A strong or high correlation means that two or more variables have a strong relationship with each other, while a weak or low correlation means that the variables are hardly related. Correlation analysis is the process of studying the strength of that relationship with available statistical data. Cohen et al. (2014).
                                              r =                 
where:
· are individual data points of variables X and Y,
· are the mean values of X and Y,
· ∑ denotes summation over all data points.
Significance of correlation was checked at 5 per cent level by using table of critical values for Pearson Correlation.
2.9.1 Co-efficient of determination () The coefficient of determination  is defined as the squared value of the Pearson correlation coefficient. signifies the proportion of the variance in measured data explained by the model, or can also be interpreted as the squared ratio between covariance and the multiplied standard deviations of the observations and predictions. It ranges from 0 to 1, with values close to 1 indicating a good agreement, and typically values greater than 0.5 are considered acceptable in watershed simulations. Co-efficient of determination () was used to show the relationships between two different variables i.e. between dependent and independent variables. In the present case the simulated yield was considered as depended variable and observed as independent variable. An increasing trend for example, with high   value implies that there exists better relationship between two variables. Coefficient of determination was calculated using M.S. Excel between two variables situated in X and Y co-ordinates.
Methodology:
Collection of Daily Gridded data from NASA POWER (Temperature, Rainfall and Relative Humidity) → EXCEL conversion into Weekly, Monthly, Seasonally, Annually → Trend analysis using XLSTAT → Correlation analysis using XLSTAT → Results
3. RESULTS AND DISCUSSION
3.1 Temperature, Rainfall and Relative humidity analysis for Prayagraj
Maximum temperature variability: The analysis of maximum temperature data for Prayagraj during the period 1992–2024 revealed a distinct seasonal cycle and  long-term trends. The annual mean maximum temperature was 33.51 °C with a low coefficient of variation (2.62 %), indicating high stability in yearly values over the study period. During the monsoon season (June–September), the mean maximum temperature decreased to 35.29 °C, with September registering the lowest monthly value (31.93 °C) within this season, and a low overall variability (CV = 3.57 %) due to the moderating effect of cloud cover and rainfall. The post-monsoon period (October–November) averaged 28.74 °C, with October (31.68 °C) being warmer than November (28.91 °C) and a moderate variability (CV = 6.96 %). Notably, June exhibited higher variability (SD = 2.68 °C, CV = 6.47 %) compared to other summer months, possibly linked to inter-annual differences in monsoon onset. 
Recent IMD analyses by Pai et al. (2013) indicated that the Indo-Gangetic Plains show significant inter-annual variation in pre-monsoon maximum temperature linked to monsoon onset. 




   



	Time series
	Mean
	SD
	CV

	January
	24.80
	1.74
	7.04

	February
	29.38
	1.75
	5.95

	March
	35.76
	1.74
	4.87

	April
	41.43
	1.51
	3.66

	May
	43.70
	1.36
	3.11

	June
	41.42
	2.68
	6.47

	July
	34.99
	1.92
	5.50

	August
	32.80
	1.39
	4.26

	September
	31.92
	1.32
	4.14

	October
	31.67
	2.04
	6.46

	November
	28.90
	1.93
	6.70

	December
	25.23
	1.71
	6.80

	Annual
	33.50
	0.87
	2.61

	Winter
	27.29
	2.07
	7.59

	Pre Monsoon
	40.11
	1.41
	3.51

	Monsoon
	35.29
	1.25
	3.56

	Post Monsoon
	28.73
	2.00
	6.96


Table 1 Average Maximum temperature (℃) duration 1992-2024 for Prayagraj. 

4.1.2 Minimum Temperature: The analysis of minimum temperature data for Prayagraj from 1992 to 2024 indicates clear seasonal variations and relatively and long-term patterns. The annual mean minimum temperature was 21.46 °C, with a very low coefficient of variation (2.12 %), suggesting remarkable stability over the study period. Winter (December–February) recorded the lowest seasonal mean minimum temperature of 10.60 °C, accompanied by the highest variability (CV = 8.01 %), with January being the coldest month (9.08 °C) and December (10.21 °C) slightly warmer. February showed a marked warming trend, averaging 12.12 °C. The pre-monsoon season (March–May) displayed a progressive increase in minimum temperatures, with March at 17.77 °C, April at 24.13 °C, and May peaking at 28.73 °C, while variability remained low (CV = 3.17 %), indicating a consistent seasonal warming pattern. During the monsoon months (June–September), mean minimum temperatures remained high, averaging 27.08 °C for the season, with June recording the highest value (30.41 °C) and August showing the least inter-annual variation (CV = 1.93 %), largely due to cloud cover and humid conditions. Post-monsoon months (October–November) saw a decline in mean minimum temperatures to 15.00 °C, with October averaging 20.05 °C and November dropping to 14.75 °C, coupled with moderate variability (CV = 6.62 %). Notably, high coefficients of variation were observed in January (11.33 %), November (10.56 %), and December (10.87 %), reflecting greater year-to-year fluctuations in winter minima. Overall, the minimum temperature regime of Prayagraj is characterized by a sharp seasonal range, from single-digit lows in winter to above 30 °C in peak summer, with the annual trend showing stability but transitional months exhibiting higher variability due to changing synoptic and local weather conditions. 
Table 2 Average Minimum temperature (℃) duration 1992-2024 for Prayagraj. 
	Time series
	Mean
	SD
	CV

	January
	9.08
	1.03
	11.33

	February
	12.12
	1.28
	10.60

	March
	17.77
	1.31
	7.39

	April
	24.13
	1.07
	4.44

	May
	28.73
	1.03
	3.58

	June
	30.41
	1.40
	4.61

	July
	27.34
	0.88
	3.21

	August
	26.07
	0.50
	1.93

	September
	24.50
	0.66
	2.70

	October
	20.05
	1.05
	5.26

	November
	14.75
	1.56
	10.56

	December
	10.21
	1.11
	10.87

	Annual
	21.46
	0.46
	2.12

	Winter
	10.60
	0.85
	8.01

	Pre Monsoon
	23.54
	0.75
	3.17

	Monsoon
	27.08
	0.56
	2.08

	Post Monsoon
	15.00
	0.99
	6.62



Singh & Singh (2023) provide empirical evidence of seasonal warming trends, higher winter variability, and pre-monsoon temperature increases in the Eastern Plain Zone of Uttar Pradesh. These findings directly support your analysis of minimum temperature trends in Prayagraj (1992–2024) and strengthen the argument of a persistent seasonal temperature cycle with emerging warming trends. 
4.1.3 Rainfall variability analysis: The analysis of long-term rainfall data (1992–2024) for Prayagraj revealed distinct seasonal and annual variability (Table 3). The annual average rainfall was 842.09 mm with a standard deviation (SD) of 177.3 mm and a coefficient of variation (CV) of 21.05%, indicating moderate inter-annual variability.
Monthly distribution showed a strong monsoonal dominance, with nearly 87% of the annual rainfall (732.48 mm) occurring during the monsoon season (June–September). July (240.15 mm) and August (222.99 mm) were the rainiest months, with relatively low variability (CV 37.59% and 33.29%, respectively). September contributed 161.88 mm of rainfall but showed higher variability (CV 58.29%) compared to July and August.
Pre-monsoon rainfall averaged 36.65 mm, primarily in May (18.65 mm), but exhibited high variability (CV ~93%), suggesting its unreliability for crop water supply. Similarly, winter rainfall contributed only 27.75 mm, with high CV (89.67%), reflecting irregular winter showers. Post-monsoon rainfall (October–November) averaged 45.20 mm with very high variability (CV 105.12%), indicating sporadic and uncertain rainfall events.
The monthly data highlighted that January to May rainfall remained very low (7–19 mm), with high CV (>110%), showing poor reliability. October (34.44 mm) and November (3.79 mm) also experienced large fluctuations (CV 125–198%), making them unpredictable.
Overall, the rainfall trend suggests that Prayagraj region is highly dependent on the southwest monsoon, while rainfall in winter, pre-monsoon, and post-monsoon months is erratic and less dependable. This variability poses challenges for rainfed agriculture, irrigation planning, and water resource management in the region.
Table 3 Rainfall(mm) temperature for duration 1992-2024 for Prayagraj Region.
	Time series
	Mean
	SD
	CV

	January
	13.30
	15.27
	114.81

	February
	14.44
	18.20
	125.98

	March
	10.06
	13.85
	137.63

	April
	7.94
	11.44
	143.95

	May
	18.64
	24.30
	130.33

	June
	107.45
	87.48
	81.41

	July
	240.15
	90.27
	37.59

	August
	222.99
	74.24
	33.29

	September
	161.88
	94.36
	58.29

	October
	34.44
	43.2
	125.41

	November
	3.79
	7.527
	198.49

	December
	6.96
	11.94
	171.41

	Annual
	842.09
	177.3
	21.05

	Winter
	27.74
	24.88
	89.67

	Pre Monsoon
	36.65
	34.05
	92.89

	Monsoon
	732.48
	173.3
	23.65

	Post Monsoon
	45.20
	47.52
	105.12



Bahadur et al. (2017) indicates that the monsoon season contributes significantly to the annual rainfall in Uttar Pradesh, with July and August being the peak months. This supports the observation that nearly 87% of Prayagraj’s annual rainfall occurs during the monsoon season, with July and August being the rainiest months.
4.1.4 Relative Humidity: The analysis of relative humidity for Prayagraj during the period 1992–2024 shows clear seasonal contrasts influenced by temperature patterns and monsoon dynamics. The annual mean relative humidity was 50.41 %, with a low coefficient of variation (9.44 %), indicating stable overall conditions across the study period. Seasonal analysis revealed that winter (December–February) averaged 42.12 %, with January recording the highest monthly humidity in this season (45.95 %) and February the lowest (38.29 %), accompanied by considerable variability (CV = 24.73 %). The pre-monsoon season (March–May) was characterized by the lowest humidity levels of the year, averaging only 23.47 %, with April showing the driest conditions (19.56 %) and the highest variability (CV = 33.13 %), reflecting the combined effect of rising temperatures and low moisture availability. The onset of the monsoon in June brought a sharp increase in humidity to 41.12 %, followed by peak values during July (72.72 %), August (81.93 %), and September (82.27 %), with very low variability (CV ≈ 7–12 %), indicating high consistency in atmospheric moisture during the rainy season. Post-monsoon months (October–November) maintained relatively high humidity (57.39 % on average), with October (67.96 %) being significantly more humid than November (55.14 %). Variability was moderate in this period (CV = 18.81 %), reflecting occasional fluctuations in moisture due to transitional weather systems. Overall, the relative humidity pattern in Prayagraj shows a distinct annual cycle, with very dry conditions during the pre-monsoon months, sustained high humidity during the monsoon, and transitional phases in winter and post-monsoon, closely linked to temperature regimes and rainfall distribution.
Shad et al. (2022) – Forecasting of Monthly Relative Humidity in Delhi, India Utilizing SARIMA and Artificial Neural Network (ANN) models, this research forecasted monthly relative humidity in Delhi for the period 2017–2025. The study found that relative humidity is expected to increase from May to August and November to December, while decreasing from January to April and September to October. The ANN model outperformed the SARIMA model in forecasting accuracy.

Table 4 Average Relative Humidity (℃) duration 1992-2024 for Prayagraj. 
	Time series
	Mean
	SD
	CV

	January
	45.95
	12.24
	26.64

	February
	38.29
	10.41
	27.19

	March
	27.43
	9.31
	33.94

	April
	19.56
	6.48
	33.13

	May
	23.42
	5.93
	25.31

	June
	41.12
	11.36
	27.63

	July
	72.72
	8.60
	11.83

	August
	81.93
	5.90
	7.20

	September
	82.27
	5.92
	7.20

	October
	67.96
	9.44
	13.89

	November
	55.14
	11.85
	21.50

	December
	49.07
	13.50
	27.51

	Annual
	50.41
	4.76
	9.44

	Winter
	42.12
	10.41
	24.73

	Pre Monsoon
	23.47
	5.32
	22.64

	Monsoon
	69.51
	5.56
	8.00

	Post Monsoon
	57.39
	10.80
	18.81



4.2 Trend analysis of weather parameters for Prayagraj region (1992-2024).
4.2.1 Maximum Temperature Trend: The Mann–Kendall trend analysis of average maximum temperature for Prayagraj from 1992 to 2024 reveals a predominantly declining pattern across most months and seasons, with few exceptions. The annual average maximum temperature shows a statistically significant decreasing trend (MK = –0.322, p < 0.05) with a Sen’s slope of –0.04113 °C/year, indicating a gradual long-term reduction. Seasonally, the most pronounced decline is observed in winter (MK = –0.269, p < 0.01, slope = –0.06198 °C/year), suggesting notable cooling during the colder months. December (MK = –0.348, p < 0.05, slope = –0.07937 °C/year) and January (MK = –0.288, p < 0.01, slope = –0.06864 °C/year) exhibit the strongest monthly decreases, followed by July (–0.239, slope = –0.07022 °C/year) and November (–0.239, slope = –0.06874 °C/year). The pre-monsoon season (MK = –0.095, slope = –0.01795 °C/year) and monsoon season (MK = –0.110, slope = –0.02223 °C/year) both show slight negative trends, although these are not statistically significant. The post-monsoon period records a relatively strong decreasing tendency (MK = –0.212, slope = –0.06732 °C/year), consistent with the broader cooling trend. Notably, September is the only month with a positive trend (MK = 0.144, slope = 0.01611 °C/year), indicating a marginal warming during this month over the study period. Overall, the results indicate a significant decline in maximum temperatures annually and particularly during the winter months, suggesting a shift in seasonal temperature patterns in the Prayagraj region.
Table 5 Average Maximum temperature (℃) trend for duration 1992-2024 for Prayagraj Region.
	TIME SERIES
	MK
	SIGNIFICANCE
	SLOPE

	JANUARY
	-0.288
	↓**
	-0.069

	FEBRUARY
	-0.080
	↓
	-0.026

	MARCH
	-0.117
	↓
	-0.032

	APRIL
	-0.064
	↓
	-0.012

	MAY
	-0.223
	↓
	-0.035

	JUNE
	-0.008
	↓
	-0.004

	JULY
	-0.239
	↓
	-0.070

	AUGUST
	-0.117
	↓
	-0.017

	SEPTEMBER
	0.144
	↑
	0.016

	OCTOBER
	-0.064
	↓
	-0.018

	NOVEMBER
	-0.239
	↓
	-0.069

	DECEMBER
	-0.348
	↓*
	-0.079

	ANNUAL
	-0.322
	↓*
	-0.041

	WINTER
	-0.269
	↓**
	-0.062

	PRE-M0NSOON
	-0.095
	↓
	-0.018

	MONSOON
	-0.110
	↓
	-0.022

	POST-MONSOON
	-0.212
	↓
	-0.067


	Where, (↑) indicates increasing trends, (↓) indicates decreasing trend, *** 0.1 level 
of significance, **0.05 level of significance, * 0.01 level of significance 



4.2.2 Minimum Temperature Trend: The Mann–Kendall trend analysis of average minimum temperature for Prayagraj from 1992 to 2024 indicates a general warming tendency, with notable variations across months and seasons. The annual average minimum temperature shows a slight increasing trend (MK positive, slope = 0.0127 °C/year), although not statistically significant. On a monthly scale, significant warming is observed in September (slope = 0.0416 °C/year, p < 0.05) and October (slope = 0.0474 °C/year, p < 0.01), suggesting an upward shift in night-time temperatures during the late monsoon and post-monsoon periods. Other months with positive trends include February (0.0202 °C/year), March (0.0242 °C/year), April (0.0324 °C/year), May (0.0004 °C/year), June (0.0095 °C/year), and September, indicating gradual increases in minimum temperatures during most of the year. However, certain months such as January (–0.023 °C/year), July (–0.028 °C/year), August (–0.005 °C/year), November (–0.003 °C/year), and December (–0.007 °C/year) show slight declines, although none are statistically significant. Seasonally, the pre-monsoon (slope = 0.0126 °C/year) and post-monsoon (0.006 °C/year) periods exhibit increasing trends, while the monsoon shows a marginal rise (0.0013 °C/year) and winter indicates a slight decline (–0.007 °C/year). Overall, the results suggest that minimum temperatures in Prayagraj have generally increased over the past three decades, with the most pronounced and significant warming occurring during the late monsoon and post-monsoon months, potentially influencing seasonal climate patterns, crop cycles, and local ecology.

Table 6 Average Minimum temperature (℃) trend for duration 1992-2024 for Prayagraj Region.
	TIME SERIES
	MEAN
	SIGNIFICANCE
	SLOPE

	JANUARY
	9.08
	↓
	-0.023

	FEBRUARY
	12.12
	↑
	0.020

	MARCH
	17.77
	↑
	0.024

	APRIL
	24.13
	↑
	0.032

	MAY
	28.74
	↑
	0.004

	JUNE
	30.41
	↑
	0.009

	JULY
	27.34
	↓
	-0.028

	AUGUST
	26.07
	↓
	-0.005

	SEPTEMBER
	24.50
	↑*
	0.041

	OCTOBER
	20.05
	↑**
	0.047

	NOVEMBER
	14.75
	↓
	-0.003

	DECEMBER
	10.21
	↓
	-0.007

	ANNUAL
	21.46
	↑
	0.012

	WINTER
	10.60
	↓
	-0.007

	PRE-M0NSOON
	23.54
	↑
	0.012

	MONSOON
	27.08
	↑
	0.0013

	POST-MONSOON
	15.01
	↑
	0.006


	Where, (↑) indicates increasing trends, (↓) indicates decreasing trend, *** 0.1 level 
of significance, **0.05 level of significance, * 0.01 level of significance 





4.2.3 Rainfall Temperature (mm) Trend: The Mann–Kendall trend analysis for rainfall in Prayagraj over the period 1992–2024 indicates a predominantly increasing tendency across most months, with variations in magnitude and statistical significance. The annual rainfall trend is positive (MK = 0.197, slope = 0.5914 mm/year), suggesting a gradual rise in total precipitation over the study period. On a monthly scale, the most substantial increases are observed in July (slope = 2.5359 mm/year), June (0.2827 mm/year), and May (0.2858 mm/year), reflecting a strengthening of pre-monsoon showers and early monsoon rainfall. March (0.1033 mm/year) and August (0.1545 mm/year) also display upward trends, although without statistical significance. September remains stable with a negligible increase (0.0163 mm/year), while April (0.0058 mm/year) and December (0.0011 mm/year) exhibit minimal changes. Conversely, decreasing trends are evident in January (–0.009 mm/year), February (–0.0243 mm/year), October (–0.0151 mm/year), and November (–0.0028 mm/year), with the sharpest negative MK value in November (–0.254), indicating reduced late post-monsoon rainfall. Seasonally, the monsoon period shows the strongest positive trend (slope = 0.9303 mm/year), followed by the pre-monsoon season (0.1377 mm/year), while the post-monsoon (–0.0429 mm/year) and winter (–0.0542 mm/year) seasons indicate slight declines. Overall, these results suggest a gradual intensification of rainfall during the primary rainy months and early summer, contrasted by marginal declines in winter and late post-monsoon precipitation, which may have implications for agricultural planning and water resource management in the region.
Table 7 Average Rainfall temperature (℃) trend for duration 1992-2024 for Prayagraj Region.
	Time series
	MK
	SIGNIFICANCE
	Slope

	January
	-0.015
	↓
	-0.009

	February
	-0.04
	↓
	-0.0243

	March
	0.154
	↑
	0.1033

	April
	0.013
	↑
	0.0058

	May
	0.152
	↑
	0.2858

	June
	0.03
	↑
	0.2827

	July
	0.189
	↑
	2.5359

	August
	0.015
	↑
	0.1545

	September
	0.002
	↑
	0.0163

	October
	-0.006
	↓
	-0.0151

	November
	-0.254
	↓
	-0.0028

	December
	0.151
	↑
	0.0011

	Annual
	0.197
	↑
	0.5914

	Winter
	-0.061
	↓
	-0.0542

	Pre Monsoon
	0.197
	↑
	0.1377

	Monsoon
	0.148
	↑
	0.9303

	Post Monsoon
	-0.038
	↓
	-0.0429


	Where, (↑) indicates increasing trends, (↓) indicates decreasing trend, *** 0.1 level 
of significance, **0.05 level of significance, * 0.01 level of significance 











Fig No- 1- Monthly and seasonal rainfall (RF) trend analysis using Mann-Kendall (MK) test and Sen’s slope estimator
4.2.4: Relative Humidity (℃) trend: The Mann–Kendall trend analysis of average relative humidity for Prayagraj from 1992 to 2024 reveals a consistent and widespread increasing tendency across all months and seasons, with several trends being statistically significant. The annual relative humidity exhibits a significant positive trend (MK = 0.48, p < 0.01) with a Sen’s slope of 0.33 %/year, indicating a gradual rise in overall atmospheric moisture over the study period. On a monthly scale, significant increases are observed in January (MK = 0.25, p < 0.05, slope = 0.45 %/year), March (MK = 0.30, p < 0.05, slope = 0.39 %/year), April (MK = 0.25, p < 0.05, slope = 0.22 %/year), May (MK = 0.28, p < 0.05, slope = 0.23 %/year), November (MK = 0.30, p < 0.05, slope = 0.56 %/year), and December (MK = 0.39, p < 0.01, slope = 0.73 %/year). The highest rate of increase is found in December, suggesting a marked rise in winter moisture levels. July also shows a statistically significant upward trend (MK = 0.33, p < 0.01, slope = 0.38 %/year), while other months such as February, June, August, September, and October exhibit positive but non-significant increases. Seasonally, all four periods display positive trends, with winter (MK = 0.27, p < 0.05, slope = 0.43 %/year), pre-monsoon (MK = 0.44, p < 0.01, slope = 0.23 %/year), and post-monsoon (MK = 0.31, p < 0.05, slope = 0.54 %/year) showing statistically significant increases, whereas the monsoon season shows a moderate rise (slope = 0.14 %/year) without statistical significance. Overall, the results indicate a clear upward shift in atmospheric humidity across the year, with the most pronounced increases during the cooler months and the pre-monsoon period, potentially affecting thermal comfort, evapotranspiration rates, and crop microclimates in the region. 
Table 8 Average Relative Humidity (℃) trend for duration 1992-2024 for Prayagraj Region.
	Time Series
	MK
	Significance
	Slope

	January
	0.25
	↑**
	0.45

	February
	0.23
	↑
	0.32

	March
	0.3
	↑**
	0.39

	April
	0.25
	↑**
	0.22

	May
	0.28
	↑**
	0.23

	June
	0.02
	↑
	0.04

	July
	0.33
	↑*
	0.38

	August
	0.15
	↑
	0.09

	September
	0.02
	↑
	0.03

	October
	0.19
	↑
	0.25

	November
	0.3
	↑**
	0.56

	December
	0.39
	↑*
	0.73

	Annual
	0.48
	↑*
	0.33

	Winter
	0.27
	↑**
	0.43

	Pre Monsoon
	0.44
	↑*
	0.23

	Monsoon
	0.17
	↑
	0.14

	Post Monsoon
	0.31
	↑**
	0.54


	Where, (↑) indicates increasing trends, (↓) indicates decreasing trend, *** 0.1 level 
of significance, **0.05 level of significance, * 0.01 level of significance 



4.3 Correlation analysis between weather variables and crop yield.
The correlation analysis between weekly weather variables and the yields of green gram conducted for the Prayagraj region using data from 1997 to 2022. The relationships were examined at a 5% significance level, with the correlation categorized based on the Standard Meteorological Week (SMW) to capture crop-specific growth phases influenced by climatic conditions. The analysis was performed for green gram (SMW 26 to 37). Understanding these correlation helps in identifying key weather parameters affecting crop productivity, which is essential for improving yield predicting and supporting better decision-making in agricultural planning and risk management.
4.3.1 Correlation between weather and green gram yield.
The correlation analysis between weekly weather parameters and green gram yield in the Prayagraj region reveals stage-specific sensitivities, indicating that different phenological phases respond distinctly to climatic variables. During the germination and seedling stage (SMW 26), correlations with maximum temperature (r = –0.124), minimum temperature (r = –0.140), and rainfall (r = –0.060) were negative, while relative humidity showed a weak positive association (r = 0.132), suggesting minimal weather influence at this early phase. In the vegetative growth stage (SMW 27–28), the correlations remained generally weak, with slight positive effects from relative humidity and rainfall (maximum r = 0.135 for rainfall in SMW 28), indicating that moderate moisture availability is beneficial for vegetative expansion. In the flowering stage (SMW 29–30), contrasting responses were observed: in SMW 29, maximum temperature had a positive correlation (r = 0.234), while relative humidity (r = –0.180) and rainfall (r = –0.410) showed negative associations; however, in SMW 30, rainfall exhibited a significant positive correlation with yield (r = 0.536*, p < 0.05), alongside a moderate positive association with minimum temperature (r = 0.264), highlighting the critical role of timely precipitation during flowering.
The pod development and maturation stage (SMW 31–34) displayed more pronounced negative effects from higher temperatures. Maximum temperature correlations ranged from r = –0.1989 to r = –0.527* (the latter in SMW 33, significant at p < 0.05), indicating yield reduction with heat stress. Conversely, relative humidity showed consistent positive correlations (up to r = 0.434 in SMW 33), suggesting that moist atmospheric conditions may buffer against heat stress during pod filling. Rainfall effects in this phase were mixed and mostly non-significant. During the harvest stage (SMW 35–37), the influence of maximum temperature and relative humidity became more evident. In SMW 35, relative humidity exhibited a significant positive correlation (r = 0.516*, p < 0.05), while maximum temperature maintained a strong negative effect (r = –0.4396). In the later harvest weeks, maximum temperature turned significantly positive (r = 0.479*, p < 0.05 in SMW 37), possibly reflecting accelerated maturation under warmer conditions. Rainfall correlations during harvest were weak and mostly negative.
Overall, the results indicate that excessive maximum temperatures during pod development (especially SMW 33) are detrimental to green gram yield, whereas adequate rainfall during flowering (SMW 30) and higher relative humidity during both pod development and early harvest are beneficial. These findings underscore the importance of stage-specific weather. 
Cardinal temperature green gram 
Minimum (Tₘᵢₙ) 8–10 °C Below this, germination and growth are very slow or may not occur.
Optimum (Tₒₚₜ) 30–35 °C Maximum vegetative growth and reproductive development.
Maximum (Tₘₐₓ) 45–48 °C Above this, growth is severely restricted; heat stress may occur.
Table 9: Correlation between weather and green gram yield.
	Stages
	SMW
	Tmax
	Tmin
	RH
	RF

	Germination & Seedling
	26
	-0.124
	-0.14
	0.132
	-0.06

	Vegetative growth
	27
	-0.012
	0.024
	0.042
	0.014

	
	28
	-0.086
	-0.09
	0.1
	0.135

	Flowering
	29
	0.234
	-0.01
	-0.18
	-0.41

	
	30
	-0.214
	0.004
	0.264
	0.536*

	Pod development & maturation
	31
	-0.366
	-0.37
	0.401
	-0.06

	
	32
	-0.21
	-0.18
	0.27
	0.134

	
	33
	−𝟎.𝟓𝟐𝟕∗
	-0.401
	0.434
	0.051

	
	34
	-0.198
	-0.18
	0.305
	-0.02

	Harvest 
	35
	-0.439
	-0.3
	0.516*
	0.283

	
	36
	-0.073
	0.314
	0.163
	-0.16

	
	37
	-0.328
	0.479*
	0.389
	-0.12


Where*significance at 5% level.
                                                                  Summary
Climate variability Maximum Temperature (Tmax), Annual SD of 0.87 °C, indicating high stability in yearly maximum temperatures. Highest variability in June (SD = 2.68°C reflecting fluctuations due to variable monsoon onset. Winter months show moderate variability: January (1.74 °C), December (1.71 °C). Pre-monsoon months, despite high heat, had relatively low SD (1.36–1.74 °C), showing stable heat intensity. Minimum Temperature (Tmin), Annual SD of 0.46 °C, again showing remarkable stability. Winter months had the highest variability: January, Monsoon months showed least variability August (0.50 °C). Seasonal SD: Winter = 0.85 °C (highest), Monsoon = 0.56 °C (lowest), confirming that winter minimum fluctuates more year-to-year. Rainfall ,Annual SD of 177.3 mm, reflecting large inter-annual variability.Highest monthly variability, July (90.27 mm),Extreme fluctuations in non-monsoon months despite low rainfall: February (18.20 mm) Relative Humidity (RH) ,Annual SD of 4.76 %, indicating overall stability ,Pre-monsoon driest months also showed high variability ,April (6.48 %), Seasonal SD: Winter (10.41 %) and Post-monsoon (10.80 %) showed greater variability, while Monsoon (5.56 %) remained most stable.
Trend analysis using the Mann-Kendall test revealed a non-significant decreasing trend in maximum temperature, particularly during January and May. In contrast, minimum temperature exhibited a statistically significant increasing trend, especially during the post-monsoon and winter seasons. This indicates a warming trend in night-time temperatures. Rainfall showed a declining trend during the monsoon season, while a positive and significant trend was observed during pre-monsoon periods. Relative humidity trends showed significant variation across seasons, with declining values in post-monsoon months.
Pearson correlation analysis highlighted that maximum temperature during germination (27th SMW) showed a significant positive correlation with green gram yield (r = 0.241*), suggesting favorable conditions for early crop establishment. Rainfall during vegetative (30th SMW) and reproductive stages (35–36 SMW) exhibited strong positive correlations with yield, ensuring better growth and grain filling. Minimum temperature during maturity also showed positive correlation with yield, while relative humidity during flowering and pod-filling stages had negative impacts, possibly due to increased susceptibility to diseases and pest infestation.
                                                               CONCLUSION
The findings indicate that Prayagraj’s climate is undergoing notable shifts—cooler daytime temperatures in winter, warmer nights in September and October (Tmin), and declining maximum temperature during December (Tmax), along with increasing atmospheric humidity and changing rainfall distribution. These changes have direct implications for agricultural productivity, particularly for green gram cultivation. Correlation analysis revealed that in green gram, minimum temperature and relative humidity are positively correlated with yield during the harvesting stage, while maximum temperature shows a positive correlation during the flowering and pod development stages. The study underscores the need for adaptive management practices, including timely irrigation during critical growth stages, measures to mitigate heat stress during pod development, and improved water harvesting to take advantage of increased pre-monsoon and monsoon rainfall. By aligning crop management with evolving climatic patterns, farmers in the region can better sustain yields and reduce vulnerability to climate variability.   
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