


Decadal trend analysis of maximum temperature at Nagpur district of Maharashtra


Abstract
Analysing trends in maximum temperature is crucial for agriculture as it helps anticipate the impacts on crop health, water needs, pest activity, and soil quality. With increasing temperatures, crops may face stress, lower yields, and accelerated water loss, putting strain on irrigation resources. Additionally, higher temperatures create favourable conditions for pests and diseases, threatening crop productivity. Understanding these trends allows farmers and policymakers to make informed decisions, such as selecting crop varieties and optimizing planting schedules, thereby supporting resilience and protecting agricultural productivity against climate change. An analysis of maximum temperature trends was made at Nagpur, Maharashtra for monthly, seasonal and annual time series over a period of 1985 to 2024 using the Mann-Kendall Test and Sen’s Slope Estimator method. The analysis reveals that annual maximum temperatures exhibited a slight but non-significant increasing trend (Z = 0.66) from 1985 to 2024. The Northeast Monsoon (1995-2004) displayed a significant warming trend (Z = 1.70) at a 90% confidence level, suggesting notable temperature increases during this period. The Southwest Monsoon showed stability with a non-significant decreasing trend (Z = -1.25). The winter months indicated a statistically significant decrease in maximum temperatures from 2005 to 2014 (Z = -1.88) at a 90% confidence level, indicating a decrease in winter temperatures during this period.
Key Words: Climate change, Maximum temperature, Trends analysis, Climate Resilient Agriculture, Vidarbha.

Introduction
[bookmark: _Hlk180869081]Climate is a fundamental component of the Earth's system, encompassing variables such as temperature, rainfall, atmospheric pressure, and humidity, which collectively influence weather and climate (Panda and Sahu, 2019). Climate is often defined as the long-term average of weather, representing the statistical description of relevant quantities over periods ranging from months to thousands or even millions of years (IPCC, 2007).

A trend is defined as the general movement over an extended period, representing the long-term change in a dependent variable across time (Webber and Hawkins, 1980). Over the past five decades, global temperatures have risen by approximately 0.13 ± 0.07°C per decade. Due to the link between warming and greenhouse gas (GHG) emissions, the IPCC projects a temperature increase of about 0.2°C per decade. Projections for the 21st century suggest that surface air temperatures could rise between 1.1°C and 6.4°C. A study by Karl et al. (1993) found that from 1951 to 1990, global minimum temperatures increased by 0.84°C, while maximum temperatures rose by only 0.28°C.

Numerous studies have observed an increase in surface air temperature by approximately 0.2 to 0.6°C over the last century (Abaurrea and Cerian, 2001). The rate of temperature increase varies across geographic regions (Colin et al., 1999), with observations suggesting that global average surface temperatures have increased by 0.6°C since the 19th century (Chahal, 2010). Climate change is driving shifts in rainfall and temperature patterns, significantly impacting regional hydrological cycles and crop calendars (Abrol et al., 2004). Globally, a long-term trend in maximum temperatures, observed between 1961 and 1985, shows an increase of +0.88°C per century (Easterling et al., 1997). In urban areas, maximum temperature increases reached +0.82°C per century, with the greatest warming observed from March to May (Alexander et al., 2006). In the Philippines, increased night temperatures have been linked to reduced rice yields (Peng et al., 2004). The scientific community has widely observed a notable rise in global air temperature (measured at 2 meters above ground level) over the past century (Angell, 1988; Alexander et al., 2006; Mahlstein et al., 2013; Rahmstorf et al., 2017). However, this warming does not occur uniformly across all regions or time periods. Observational data and modeling studies highlight that temperature changes vary both spatial and temporal (Folland et al., 2002).

Recent studies have increasingly focused on global warming and its impact on both global and extreme regional air temperatures, which are essential for maintaining ecological balance in human society (Easterling et al., 2000; Meehl et al., 2000). A critical consequence of climate change is the alteration of rainfall patterns and rising temperatures. According to the IPCC, the Earth surface temperature increased by roughly 0.6 ± 0.2 °C over the 20th century (IPCC, 2007). The IPCC's Sixth Assessment Report notes that from 2011 to 2020, global surface temperatures rose by 1.09°C (0.95 to 1.20°C) relative to the 1850–1900 baseline. The report also suggests a more than 50% likelihood that global warming could reach or exceed 1.5°C under a low-GHG emissions scenario. Research has shown that minimum temperatures are rising at a faster rate than maximum temperatures in regions such as Europe (Weber et al., 1997), China (Qian & Lin, 2004), and Turkey (Turkes & Sumer, 2004). For instance, from 1951 to 1990, the average daily mean air temperature (during global daytime) increased by 0.28°C, while the daily minimum temperature (at night) rose significantly by 0.84°C, reflecting a threefold increase (Karl & Easterling, 1999). Subsequent studies (Kothyari and Singh, 1996; Kothawale and Kumar, 2005; Rao et al., 2005) corroborated these findings by documenting rising trends in both maximum and minimum temperatures across various regions of India. Particularly in northern India, a majority of locations experienced an increase in extreme night temperatures.

India's climate variability shows significant inter-annual variation in mean maximum temperatures across its four climatic zones: mountain, arid/semi-arid, humid subtropical, and tropical wet/dry (Bhattacharya et al., 2023). In India, climate change is anticipated to affect natural resources, forestry, and agriculture, while also altering precipitation patterns, temperatures, monsoon timing, and extreme weather events (Fulekar and Kale, 2010). Simulations of crop response at varying levels of nitrogen management reveal that responses can differ based on nitrogen management practices and climate change scenarios (Aggarwal, 2003). An increasing trend in maximum temperatures (1.5 to 2°C per century) has been observed over central India, consistent with IPCC projections (Naveena et al., 2021). However, the Yavatmal station in the Vidarbha region showed a significant decline in mean maximum temperature in the Mann-Kendall Test (Deshmukh et al., 2013). Subash et al. (2011) provided valuable insights into temperature trends in Central Northeast (CNE) India, revealing a significant increase in maximum temperatures. They reported a rising trend of 0.008°C per year during the monsoon season and 0.014°C per year in the post-monsoon season. Srivastava et al. (2017) analyzed the entire country, indicating that the annual maximum temperature and mean temperature have risen by 1.0°C and 0.6°C per century, respectively, from 1901 to 2010. In contrast, the minimum temperature has experienced a more modest increase of 0.18°C per century. Srivastava et al. (1992) noted a distinct diurnal temperature asymmetry in India compared to global patterns, indicating a significant decreasing trend of 0.2°C per century in northern India and an increasing trend of 0.4°C in southern India from 1901 to 1986. This regional variation was further supported by Kumar et al. (1994), who reported that the increase in temperatures during the post-monsoon and winter seasons contributed to a rise in the mean temperature from 1901 to 1987.

Panda and Sahu (2019) analyzed seasonal rainfall and temperature trends in three districts of Odisha, India, and found that annual maximum and minimum temperatures showed an increasing trend, while monsoon maximum and minimum temperatures showed a decreasing trend. Palte et al. (2016) studied rainfall and temperature trends across 16 districts in Arunachal Pradesh using the non-parametric Mann–Kendall test and Sen’s slope estimator. Their research identified an increase in average annual minimum daily temperature, while maximum temperature remained stable. Seasonally, the highest warming occurred during the post-monsoon period, followed by the monsoon, with the least warming observed in the pre-monsoon season, highlighting climate variability in the region. Additionally, Dhorde et al. (2009) investigated the effects of urbanization on temperature trends in four major Indian cities: Chennai, Delhi, Kolkata, and Mumbai. This study underscored the potential influence of urban development on local temperature changes, emphasizing the complexity of factors driving temperature trends in urban versus rural contexts.

Higher temperatures can reduce crop duration, increase respiration rates, alter pest populations, hasten nutrient mineralization, lower fertilizer-use efficiency, and increase evapotranspiration. Additionally, increased temperatures and changes in water and fodder availability may impact meat and milk production (Aggarwal, 2008). Trend analysis of temperature and other climatic variables across different spatial scales aids in constructing future climate scenarios (Arora et al., 2005; Karanurun and Kara, 2011; Meshram et al., 2018).

Analyzing long-term changes in climatic variables is crucial for detecting climate change. With the expansion and improvement of datasets and more advanced data analysis techniques globally, understanding past and recent climate change has become an increasingly important area of research (Kumar et al., 2010).

Materials and Methods
Study Area and Data Availability 
The required daily maximum temperature data for the period from 1985 to 2024 for the study was obtained from the ICAR- Central Institute for Cotton Research, Nagpur. This daily maximum temperature data was further converted into monthly, seasonal, and annual averages for further analysis. The   Weather Cock15 software program was used for the conversion of daily maximum temperature data to various time scales.

Trend Analysis of Maximum Temperature 
Trend analysis can be described as the analysis of changes over a time series. temperature, being an independent weather parameter, was analyzed for its monthly, seasonal, and annual trends using the Mann-Kendall Test and Sen’s Slope Estimator method. The Mann-Kendall Test assesses the presence of a monotonic increase or decrease in trend based on the normalized test statistic (Z) value. Sen’s Slope Estimator, a non-parametric method, provides the rate of increase or decrease in trend. Both methods are detailed as follows:

Mann Kendall method
Mann Kendall test statistic (S) is calculated by using the following formula; (Mann, 1945);

 			(1)

Where, Xj and Xk are the annual values in year’s j and k, j > k respectively and Xk represents data point at the time k.
				(2)

The value of sign (xj - xk) is computed as number follows
This statistic S represents the difference between the number of positive differences and the number of negative differences for all the pairwise differences considered in the time series data. For large samples (N>10), the Mann-Kendall test statistic S is approximated using a normal distribution. The normal approximation is expressed through the Z statistic, which allows for the evaluation of trends in large datasets.
The mean and variance of the test statistic S are calculated as follows:
Mean of S:
The mean of S is assumed to be 0 for large sample sizes.
Variance of S:
	(3)

Where, n = number of years,
g = Number of the tied groups (A tied group is a set of sample data having the same value) and 
tp = Number of the items in the tied group
Calculate a normalized test statistic Z by the following equation

				(4)

				(5)

				(6)

Where, S = p - q, p = number of (+1) values and q = number of (-1) values.
The presence of a statistically significant trend was assessed using the 'Z' value. A positive Z value indicates an upward (increasing) trend, while a negative Z value indicates a downward (decreasing) trend. The significance of these trends is determined based on the ZZZ value at three confidence levels: 99%, 95%, and 90%. Positive or negative trends are considered significant if the Z value exceeds the critical threshold at the corresponding confidence level.
1. At the 99 per cent significance level, the null hypothesis of no trend is rejected if │Z│ > 2.575; 
2. At the 95 per cent significance level null hypothesis of no trend is rejected at if │Z│ > 1.96; and 
3. At the 90 per cent significance level, the null hypothesis of no trend is rejected if │Z│ > 1.645.

Sen's slope method
Sen's slope method used for prediction of the magnitude of the temperature time series data. The linear model is used in this method for trend analysis by using a simple non-parametric procedure developed by Sen (1968).

			(7)

All the data pairs slope was determined for deriving estimation of the slope Qt.
In the time series data, if there are n values of Xj, then as much as N = n (n-1) / 2 slope estimates, Qt are to be calculated. Sen’s estimator of the slope is median of the N values of the Qt. The ranking of N values of Qt was done from smallest to largest values.
Sen’s estimate was calculated by;

			(8)

Median of all slope values gives Q, which is the magnitude of the trend. A positive value indicates increasing and negative values indicate decreasing trends of the rainfall and rainy days. Magnitude of trends was calculated for the statistically significant trends found by Mann- Kendall test.

Results and Discussion
Maximum Temperature Trends in Nagpur (1985–2024)
The annual trend for maximum temperatures in Nagpur shows a slight increase by 0.004°C over a period of 1985 to 2024, represented by a test Z value of 0.66. However, this trend is non-significant. 

The trend analysis across different seasons shows varied directions and significance levels. During the Southwest (SW) Monsoon season, there is a slight non-significant downward trend (Z = -0.09) with no effective change in temperature. Conversely, the Northeast (NE) Monsoon season reveals a notable and significant increase in maximum temperature (Z = 1.75), marked as significant at the 90% confidence level, with an increase of 0.025°C. Winter temperatures show a non-significant decline (Z = -0.29), indicating a slight decrease of 0.004°C. Summer follows a similar pattern with a non-significant decrease (Z = -0.63) and a reduction of 0.012°C in maximum temperatures. 

January, February, March, April, and May all showed non-significant trends, with March showing the most considerable decrease (Z = -0.66) and a temperature decline of 0.017°C. May stands out with the largest non-significant decrease (Z = -1.29), showing a decline of 0.027°C. June records no trend, indicating stable maximum temperatures during this month over the observed period.

For July, the trend is slightly downward and non-significant (Z = -0.21), with a minor decrease of 0.003°C. August and October reveal non-significant upward trends, with October having a Z value of 0.90, indicating a slight rise of 0.020°C. Notably, November observed a significant increase (Z = 1.95) at the 90% confidence level, with a rise of 0.024°C in maximum temperatures. December also shows a non-significant increase (Z = 1.29) with a rise of 0.027°C. The values for the time series trends in maximum temperature at Nagpur from 1985 to 2024, including the Mann-Kendall test Z statistics and Sen's slope (Q), are provided in Table-1.

Maximum Temperature Trends in Nagpur (1985-1994)
The analysis reveals no significant annual trend in maximum temperatures between 1985 and 1994. The Mann-Kendall test Z value is 0.00, indicating stability, with no recorded increase or decrease.

During the Southwest (SW) Monsoon season, there is a non-significant downward trend (Z = -0.09) with a decrease of 0.025°C. In contrast, the Northeast (NE) Monsoon season shows a slight non-significant increase (Z = 0.36), with an increase of 0.033°C. Winter temperatures also display a non-significant upward trend (Z = 0.72), with a relatively higher increase of 0.088°C. The summer season, however, shows no trend.

January observed non-significant increase (Z = 0.80), with the highest recorded increase among months, at 0.238°C. February also exhibits a slight, non-significant upward trend (Z = 0.36) with a rise of 0.062°C. March shows no trend over the observed period. April showed a non-significant downward trend (Z = -1.34), observed a decrease of 0.100°C, one of the more substantial monthly declines. May showed a slight, non-significant increase (Z = 0.45) with a rise of 0.088°C. June saw a slight, non-significant decline (Z = -0.18) with a temperature decrease of 0.083°C. July displayed non-significant upward trend (Z = 0.27) with an increase of 0.050°C, while August and September both exhibit non-significant downward trends, with decreases of 0.100°C and 0.213°C, respectively. October shows a slight, non-significant increase (Z = 0.27), with a rise of 0.067°C. November exhibited a non-significant downward trend (Z = -0.36) with a small decrease of 0.043°C, and December has no significant trend, with a slight temperature decline of 0.044°C. The values for the time series trends in maximum temperature at Nagpur from 1985 to 1994, including the Mann-Kendall test Z statistics and Sen's slope (Q), are provided in Table-2.

Maximum Temperature Trends in Nagpur (1995-2004)
The annual trend for maximum temperatures in Nagpur between 1995 and 2004 shows a statistically significant increase, with a Z value of 1.97, significant at the 95% confidence level. This reflects an increase of 0.100°C in annual maximum temperatures.

The Southwest (SW) Monsoon season showed a non-significant downward trend (Z = -1.25), with a decrease of 0.150°C in maximum temperature. However, the Northeast (NE) Monsoon season exhibits a significant upward trend (Z = 1.70) at the 90% confidence level, with an increase of 0.220°C.

For the winter season, there is a non-significant upward trend (Z = 1.34) with an increase of 0.200°C. The summer season shows a significant upward trend (Z = 1.88) at the 90% confidence level, with a rise of 0.214°C. 

The monthly data reveals several trends, with certain months exhibiting statistically significant increases. January shows a non-significant upward trend (Z = 1.52) with the largest increase among all months, at 0.350°C. February and March also display non-significant upward trends (Z = 0.27 and Z = 0.63, respectively), with increases of 0.040°C and 0.220°C. April, however, records a significant increase in maximum temperatures (Z = 1.97) at the 95% confidence level, with a rise of 0.267°C.

May shows a non-significant increase (Z = 0.45) with a rise of 0.080°C. June, experienced a non-significant downward trend (Z = -1.25) with a decrease of 0.425°C, marking it as the month with the largest decline. July and August also exhibit decreasing trends, with July showing a non-significant decrease (Z = -0.54) and a temperature drop of 0.150°C, while August has a significant downward trend (Z = -1.70) at the 90% confidence level, with a reduction of 0.167°C.

September and October both display non-significant upward trends, with temperature increases of 0.080°C and 0.125°C, respectively. In November, there is a significant increase in maximum temperatures (Z = 2.24), significant at the 95% confidence level, with a rise of 0.200°C. December also shows a non-significant upward trend (Z = 1.25), with an increase of 0.217°C. The values for the time series trends in maximum temperature at Nagpur from 1995 to 2004, including the Mann-Kendall test Z statistics and Sen's slope (Q), are provided in Table-3.

Maximum Temperature Trends in Nagpur (2005-2014)
From 2005 to 2014, the annual maximum temperature trend in Nagpur shows a slight non-significant decrease (Z = -0.18), with a reduction of 0.013°C.

The Southwest (SW) Monsoon season shows no trend. The Northeast (NE) Monsoon season showed a non-significant downward trend (Z = -0.27), with a decrease of 0.033°C.

In winter, it was significant downward trend (Z = -1.88) at the 90% confidence level, with a decrease of 0.100°C. The summer season shows a non-significant upward trend (Z = 0.36), with a slight increase of 0.040°C.

January and February both show non-significant downward trends, with January decreasing by 0.125°C (Z = -1.07) and February by 0.133°C (Z = -1.34), indicating slight cooling at the start of the year. March showed a non-significant upward trend (Z = 0.09) with a small increase of 0.017°C, while April shows no trend. May and July both exhibit non-significant increases, with May showing a rise of 0.125°C (Z = 0.63) and July a similar increase (Z = 1.43). June and August show no significant trends, although June has a minor decrease of 0.086°C. September also exhibit a slight non-significant downward trend (Z = -0.09) with a small decrease of 0.011°C, while October shows a slightly larger non-significant decline (Z = -0.36) with a reduction of 0.050°C. In November, it was observed non-significant upward trend (Z = 0.63) with an increase of 0.050°C, while December shows a non-significant downward trend (Z = -0.45), with a decrease of 0.100°C. The values for the time series trends in maximum temperature at Nagpur from 2005 to 2014, including the Mann-Kendall test Z statistics and Sen's slope (Q), are provided in Table-4.

Maximum Temperature Trends in Nagpur (2015-2024)
The annual analysis for the period 2015 to 2024 indicates a non-significant downward trend in maximum temperature, with a Mann-Kendall test Z value of -0.27 with slight decrease of 0.02°C. 

The Southwest (SW) Monsoon season exhibits a non-significant upward trend (Z = 0.36), with an increase of 0.02°C, while the Northeast (NE) Monsoon season has a non-significant downward trend (Z = -0.63), with a decrease of 0.10°C. Winter temperatures also display a non-significant decrease (Z = -0.63) with a reduction of 0.04°C. In summer, a slightly larger non-significant decreasing trend is observed (Z = -0.89), with a more noticeable decrease of 0.23°C.

January and February observed non-significant downward trends, with decreases of 0.10°C and 0.13°C, respectively. March shows a slight non-significant upward trend (Z = 0.18) with a rise of 0.07°C, whereas April and May both observed non-significant decreasing trends with reductions of 0.32°C and 0.23°C, respectively.

June shows a non-significant increasing trend (Z = 0.54) with a small increase of 0.11°C, and August also showed a slight non-significant increasing trend (Z = 0.80) with an increase of 0.09°C. July and September both exhibit non-significant decreasing trends, with decreases of 0.10°C and 0.08°C, respectively. October, November, and December all observed non-significant decreasing trends, with November showed decrease of 0.11°C. The values for the time series trends in maximum temperature at Nagpur from 2015 to 2024, including the Mann-Kendall test Z statistics and Sen's slope (Q), are provided in Table-5.


























	Table. 1. Times series wise trends statistics of Maximum temperature for the period from 1985-2024 at Nagpur

	Sr. No.
	Times Series
	Test Z
(Mann-Kendall test)
	Trends and
significance
	Q
(Sen’s slope)

	1. 
	Annual
	0.66
	↑(NS)
	0.004

	2. 
	SW Monsoon
	-0.09
	↓(NS)
	0.000

	3. 
	NE Monsoon
	1.75
	↑+ (S)
	0.025

	4. 
	Winter
	-0.29
	↓(NS)
	-0.004

	5. 
	Summer
	-0.63
	↓(NS)
	-0.012

	6. 
	January
	-0.36
	↓(NS)
	-0.006

	7. 
	February
	0.08
	↑(NS)
	0.000

	8. 
	March
	-0.66
	↓(NS)
	-0.017

	9. 
	April
	-0.48
	↓(NS)
	-0.010

	10. 
	May
	-1.29
	↓(NS)
	-0.027

	11. 
	June
	0.00
	No trend
	0.000

	12. 
	July
	-0.21
	↓(NS)
	-0.003

	13. 
	August
	1.15
	↑(NS)
	0.015

	14. 
	September
	-0.80
	↓(NS)
	-0.012

	15. 
	October
	0.90
	↑(NS)
	0.020

	16. 
	November
	1.95
	↑+(S)
	0.024

	17. 
	December
	1.29
	↑(NS)
	0.027

	↑ : Increasing, ↓ : Decreasing, NS- Non-Significant, S : Significant, + : Significant at 90 per cent confidence level, * : Significant at 95 per cent confidence level, ** : Significant at 99 per cent confidence level, - : No trends.












	Table. 2. Times series wise trends statistics of Maximum temperature for the period from 1985 to 1994 at Nagpur

	Sr. No.
	Times Series
	Test Z
(Mann-Kendall test)
	Trends and
significance
	Q
(Sen’s slope)

	1. 
	Annual
	0.00
	No trend
	0.000

	2. 
	SW Monsoon
	-0.09
	↓(NS)
	-0.025

	3. 
	NE Monsoon
	0.36
	↑(NS)
	0.033

	4. 
	Winter
	0.72
	↑(NS)
	0.088

	5. 
	Summer
	0.00
	No trend
	0.000

	6. 
	January
	0.80
	↑(NS)
	0.238

	7. 
	February
	0.36
	↑(NS)
	0.062

	8. 
	March
	0.00
	No trend
	0.100

	9. 
	April
	-1.34
	↓(NS)
	-0.100

	10. 
	May
	0.45
	↑(NS)
	0.088

	11. 
	June
	-0.18
	↓(NS)
	-0.083

	12. 
	July
	0.27
	↑(NS)
	0.050

	13. 
	August
	-0.98
	↓(NS)
	-0.100

	14. 
	September
	-0.98
	↓(NS)
	-0.213

	15. 
	October
	0.27
	↑(NS)
	0.067

	16. 
	November
	-0.36
	↓(NS)
	-0.043

	17. 
	December
	0.00
	No trend
	-0.044

	↑ : Increasing, ↓ : Decreasing, NS- Non-Significant, S : Significant, + : Significant at 90 per cent confidence level, * : Significant at 95 per cent confidence level, ** : Significant at 99 per cent confidence level, - : No trends.












	Table. 3. Times series wise trends statistics of Maximum temperature for the period from 1995 to 2004 at Nagpur

	Sr. No. 
	Times Series
	Test Z
(Mann-Kendall test)
	Trends and
significance
	Q
(Sen’s slope)

	1. 
	Annual
	1.97
	↑*(S)
	0.100

	2. 
	SW Monsoon
	-1.25
	↓(NS)
	-0.150

	3. 
	NE Monsoon
	1.70
	↑+(S)
	0.220

	4. 
	Winter
	1.34
	↑(NS)
	0.200

	5. 
	Summer
	1.88
	↑+(S)
	0.214

	6. 
	January
	1.52
	↑(NS)
	0.350

	7. 
	February
	0.27
	↑(NS)
	0.040

	8. 
	March
	0.63
	↑(NS)
	0.220

	9. 
	April
	1.97
	↑*(S)
	0.267

	10. 
	May
	0.45
	↑(NS)
	0.080

	11. 
	June
	-1.25
	↓(NS)
	-0.425

	12. 
	July
	-0.54
	↓(NS)
	-0.150

	13. 
	August
	-1.70
	↓+(S)
	-0.167

	14. 
	September
	0.36
	↑(NS)
	0.080

	15. 
	October
	1.16
	↑(NS)
	0.125

	16. 
	November
	2.24
	↑*(S)
	0.200

	17. 
	December
	1.25
	↑(NS)
	0.217

	↑ : Increasing, ↓ : Decreasing, NS- Non-Significant, S : Significant, + : Significant at 90 per cent confidence level, * : Significant at 95 per cent confidence level, ** : Significant at 99 per cent confidence level, - : No trends.












	Table. 4. Times series wise trends statistics of Maximum temperature for the period from 2005 to 2014  at Nagpur

	Sr. No.
	Times Series
	Test Z
(Mann-Kendall test)
	Trends and
significance
	Q
(Sen’s slope)

	1. 
	Annual
	-0.18
	↓(NS)
	-0.013

	2. 
	SW Monsoon
	0.00
	No trend
	0.000

	3. 
	NE Monsoon
	-0.27
	↓(NS)
	-0.033

	4. 
	Winter
	-1.88
	↓+(S)
	-0.100

	5. 
	Summer
	0.36
	↑(NS)
	0.040

	6. 
	January
	-1.07
	↓(NS)
	-0.125

	7. 
	February
	-1.34
	↓(NS)
	-0.133

	8. 
	March
	0.09
	↑(NS)
	0.017

	9. 
	April
	0.00
	No trend
	-0.029

	10. 
	May
	0.63
	↑(NS)
	0.125

	11. 
	June
	0.00
	No trend
	-0.086

	12. 
	July
	1.43
	↑(NS)
	0.125

	13. 
	August
	0.00
	No trend
	0.014

	14. 
	September
	-0.09
	↓(NS)
	-0.011

	15. 
	October
	-0.36
	↓(NS)
	-0.050

	16. 
	November
	0.63
	↑(NS)
	0.050

	17. 
	December
	-0.45
	↓(NS)
	-0.100

	↑ : Increasing, ↓ : Decreasing, NS- Non-Significant, S : Significant, + : Significant at 90 per cent confidence level, * : Significant at 95 per cent confidence level, ** : Significant at 99 per cent confidence level, - : No trends.












	Table. 5. Times series wise trends statistics of Maximum temperature for the period from 2015 to 2024 at Nagpur

	Sr. No.
	Times Series
	Test Z
(Mann-Kendall test)
	Trends and
significance
	Q
(Sen’s slope)

	1. 
	Annual
	-0.27
	↓(NS)
	-0.02

	2. 
	SW Monsoon
	0.36
	↑(NS)
	0.02

	3. 
	NE Monsoon
	-0.63
	↓(NS)
	-0.10

	4. 
	Winter
	-0.63
	↓(NS)
	-0.04

	5. 
	Summer
	-0.89
	↓(NS)
	-0.23

	6. 
	January
	-0.36
	↓(NS)
	-0.10

	7. 
	February
	-0.45
	↓(NS)
	-0.13

	8. 
	March
	0.18
	↑(NS)
	0.07

	9. 
	April
	-0.80
	↓(NS)
	-0.32

	10. 
	May
	-0.89
	↓(NS)
	-0.23

	11. 
	June
	0.54
	↑(NS)
	0.11

	12. 
	July
	-0.54
	↓(NS)
	-0.10

	13. 
	August
	0.80
	↑(NS)
	0.09

	14. 
	September
	-0.54
	↓(NS)
	-0.08

	15. 
	October
	-0.18
	↓(NS)
	-0.03

	16. 
	November
	-1.61
	↓(NS)
	-0.11

	17. 
	December
	-0.27
	↓(NS)
	-0.03

	↑ : Increasing, ↓ : Decreasing, NS- Non-Significant, S : Significant, + : Significant at 90 per cent confidence level, * : Significant at 95 per cent confidence level, ** : Significant at 99 per cent confidence level, - : No trends.



































Conclusion
The analysis of maximum temperature trends in Nagpur, Maharashtra, from 1985 to 2024 highlights important patterns for agriculture and climate adaptation. Over the long term, annual maximum temperatures have shown a slight but non-significant warming trend, aligning with broader climate change patterns and suggesting a need for on going adaptation. Notably, the Northeast Monsoon (1995-2004) experienced a significant temperature increase, which may have stressed crops reliant on cooler monsoon conditions and emphasized the importance of adaptive practices. Winter months from 2005 to 2014 exhibited a significant decline in maximum temperatures, potentially impacting winter crop yields and pointing to the need for frost-resistant varieties or adjusted planting schedules. The recent period (2015-2024) shows relative temperature stability, allowing more predictable planning but requiring continued monitoring for future shifts. Together, these findings provide essential insights for farmers and policymakers to make informed decisions, safeguard crop productivity, and ensure resilience in agriculture amidst climate variability. Further research should focus on understanding these trends' long-term impacts on crop yields and agricultural productivity.
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Figure-3.  Maximum temperature (oC) of Winter from 1985-2024 at Nagpur 
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Figure-4.  Maximum temperature (oC) of Summer from 1985-2024 at Nagpur
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Figure-5. Maximum temperature (oC) of NE Monsoon from 1985-2024 at Nagpur
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Figure-6.  Maximum temperature (oC) of January from 1985-2024 at Nagpur 
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Figure-7. Maximum temperature (oC) of February from 1985-2024 at Nagpur 
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Figure-8.  Maximum temperature (oC) of March from 1985-2024 at Nagpur 
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Figure-9. Maximum temperature (oC) of April from 1985-2024 at Nagpur 
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Figure-10. Maximum temperature (oC) of May from 1985-2024 at Nagpur
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Figure-11. Maximum temperature (oC) of June from 1985-2024 at Nagpur 
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Figure-12. Maximum temperature (oC) of July from 1985-2024 at Nagpur 
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Figure-13. Maximum temperature (oC) of August from 1985-2024 at Nagpur
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Figure-14. Maximum temperature of September from 1985-2024 at Nagpur
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Figure-15. Maximum temperature (oC) of October from 1985-2024 at Nagpur
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Figure-16. Maximum temperature (oC) of November from 1985-2024 at Nagpur
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Figure-1. Annual Maximum temperature (oC) for the period from 1985-2024 at Nagpur
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Figure-2. Maximum temperature (oC) of SW Monsoon from 1985-2024 at Nagpur 
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