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( ABSTRACT

This study explores the shifting temperature trends and their influence on agricultural output in the Solan district of Himachal
Pradesh over a 40-year period (1984-2023). The highest observed annual maximum and minimum temperatures were 34.9°C and
23.0°C, respectively, while the lowest recorded maximum and minimum values were 13.2°C and 0.2°C. Results from the Mann-Kendall
trend test and Sen's slope estimator indicate a statistically significant upward trend in both maximum and minimum annual
temperatures, increasing at rates of 0.04°C/year and 0.004°C/year, respectively. A seasonal breakdown revealed increased
temperature trends during the monsoon, post-monsoon, and winter, whereas a decrease was noted during the summer months.
Focusing on the growing season (March to August) from 1996 to 2021, the regression models were developed between maximum,
minimum, mean, and diurnal temperature and yield of capsicum and tomato crops that explained a negative relationship between
temperatures and yield. Optimal productivity for both crops was achieved under the following temperature ranges: maximum
temperature of 25-30°C, minimum temperature of 15-20°C, and mean temperature of 20-25°C. The findings reveal a complex
relation between climate variables and crop performance, highlighting the importance of adaptive farming practices and climate-
resilient strategies to maintain and improve productivity under changing environmental conditions. This research offers valuable
insights for policy formulation and agricultural planning, supporting the development of climate adaptation and mitigation
frameworks aimed at safeguarding future crop yields in the face of ongoing climatic shifts. However, the study faced challenges
related to uneven topography, and the complex interaction between temperature variability and crop response under hill
agroclimatic conditions. Despite these limitations, this research provides valuable insights into the local impacts of climate
variability on agricultural systems. The findings contribute to regional climate adaptation strategies and offer a basis for developing
crop-specific management practices in the mid-hill ecosystem of Himachal Pradesh.
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Introduction

Climate change is an undeniable and urgent issue that has
garnered significant attention in recent decades. It is defined as
long-term deviation from normal in temperature, precipitation,
and other climatic factors (IPCC, 2021). Major contributing
factors to climate change are the anthropogenic activities
releasing GHG (Prasad, 2017). Deforestation further
exacerbates the accumulation of greenhouse gases by reducing
carbon sinks (Li etal., 2022). Urbanization (Liu et al., 2022) and
changes in land use patterns further amplify the climate change
(Vujovicetal,, 2021).

From 1901 to 2021, India's annual mean temperature increased
by 0.63°C per century (IMD, 2021) also it experienced
significantly above-normal temperatures during 2021, making
it the fifth warmest year since 1901. The pace of warming has
accelerated, since the late 1970, with subsequent decades
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showing an even faster rate, with 11 of the 15 warmest years
observed between 2007 and 2021. The consequences of rising
temperatures has started showing its impact like increased
frequency and intensity of extreme weather events (Muluneh,
2021), serious health risks (Mazdiyasni, 2017), negatively
impacted cropping patterns and agricultural output, enhanced
evaporation rates, reduced water availability, and complicating
water management strategies (Lobell, 2008). Elevated
temperatures can accelerate or hinder germination and
promote vegetative growth until a threshold beyond which heat
stress impairs photosynthesis, resulting in stunted growth and
higher water requirements (Hatfield &Prueger, 2015). High
temperatures during flowering can cause pollen sterility and
poor fruit set reducing yields (Jagadish et al., 2007 Cleland et al.,
2007).

The IPCC future projections indicated that the temperature
potentially rise by 2-4°C by the end of the century, especially in
northern and central India. Climate models predict that
Himachal Pradesh may see average temperature increases of
1.5-2.5°C by the end of the 21st century under moderate
emission scenarios and greater increases under high emission
scenarios (IMD, 2021). These projections underscore the urgent
need of regional temperature trend analysis for mitigation
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and adaptation strategies to manage the adverse effects of rising
temperatures.

Materials and Methods

Study site

The study was conducted in Solan district, which is located in
the mid-hills of Himachal Pradesh, spans an area of
approximately 1,936 km? between latitudes 33°12'40” N and
longitudes 79°04'20" E. The district's altitude ranges from
1,200 to 1,275 meters above sea level. The annual average
maximum and minimum temperatures was 25.4°C and 11.4°C,
respectively. The highest maximum temperature of 32.6°C
occurs during the summer, and the highest minimum
temperature of 21.8°C occurs during the monsoon season
whereas the lowest maximum and minimum temperature of
23.6°C and 7.4°C respectively, was recorded in winter season.
The statistical trends were worked out using the standard
procedure for maximum and minimum temperature and
capsicum and tomato productivity.
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Fig 3. Area and productivity for capsicum

Data source

Daily temperature data for the Solan district, covering the
period from 1984 to 2023, was collected from the Agro-
meteorological Observatory at Dr. Yashwant Singh Parmar
University of Horticulture and Forestry in Nauni, Solan. The
normal temperature values were derived by averaging monthly
data across these years. For seasonal trend analysis, the year
was divided into four seasons: winter (January-February),
summer (March-May), monsoon (June-September), and post-
monsoon (October-December).

Data analysis techniques

Several techniques have been developed for analyzing
temperature, typically categorized into two main types' viz.,
variability analysis and trend analysis.

Variability analysis

Variability analysis employs mean, standard deviation (SD),
coefficient of variation (CV) and the percent contribution of
annual temperature. Data was analyzed using SPSS software.
Standard deviation measures the extent of variation in the data,
while the coefficient of variation assesses the variability of
temperature. A higher CV indicates greater variability, and it is
calculated usingthe formula: -2

Where; CV represents the coefficient of variation, o is the
standard deviation, and pis the mean temperature.

Trend analysis

a.Man-Kendall test

The Mann-Kendall (MK) trend test is a non-parametric method
widely used to identify monotonic trends in meteorological
data. This test evaluates whether there are statistically
significant increasing or decreasing trends in the study area.
The test's statistics are based on the signs (+ or -) of data values.
MAKESENS software employs two types of statistics depending
on the data setsize: S-statistics for fewer than 10 data points and
Z-statistics for 10 or more data points (Kendall, 1975).

The statistics Sis calculated as shown in equation (I)

S = Z‘L(lz—ll Z] = " 4 159n(xj-xi) (1)

Where xjandxi and are annual values (in years) j and [, if j>i
respectively, n is the number of data points and sgn(xj-xi) is
calculated using equation (ii)

1if (xj —xi > 0)

sgn(xj —xi) =<{ 0if (xj —xi =0) (ii)
—=1if (xj—xi<0)

A positive or negative value of S indicates upward or downward
trends respectively.

If numbers of data values are 10 or more, the S- statistics
approximately behave as normally distributed and test is
performed with normal distribution with the mean and
variation as given below equation (iii) & (iv).

E(s) = 0 (iii)

n(n-1)(2n+5)-Y 1=, ti(ti-1)(2ti+5)

var(S) = ”

(iv)

Where, n is number of tied (zero difference between compared
values) group and is the number of data points in the i" tied
group. The standard normal distribution (Z-statistics) is
computed using equation (v).

514.

© 2025 AATCC Review. All Rights Reserved.



Priyanka Jattan et al.,, / AATCC Review (2025)

s—1 .
O] ifs>0
z= 0ifs=0 (v)
s+1 .
NoTo) ifs<0

Statistically the significance of trend is assessed using the z-
value. A positive value of Z shows upward (increasing) trend
while the negative value indicates the downward (decreasing)
trend.

b. Sen's estimator method: Sen's non parametric estimator
method will be used for predicting the magnitude of weather
data series which uses a linear model for trend analysis. The
slope Tiis calculated as:

xj—xk

Ti = T For i=1, 2, 3..n

Where, xj and xkare data values attime jand k (j>k) separately.

The median of these n values of Ti represented by Sen's slope
estimation which is estimated by using the following equation

n+1
T > fornisodd
Qi = 1 (Tn + Tn 2) .
>\T'3 > forniseven

Sen's estimator (Qi) is calculated by using above equation,
depending upon value of n is either odd or even then (Qi) is
computed using 100(1-a) % confidence interval. A positive
value of Qi indicate increasing trend and while negative value
represent decreasing trend of time series data. Where a is a
different significancelevel (0.05and 0.01 etc.)

c.Linearregression analysis

Linear regression analysis is a parametric method frequently
used to identify trends in data series (Kaur and Kaur, 2019).
There were a number of studies exploring the relationship
between climate and crop yields (Lobell and Field 2007;
Auffhammer et al. 2006). Most of these studies have focused on
the exposure to extreme temperatures on crop yield; using a
fixed effects regression model this technique establishes a

relationship between two variables (dependent and
independent) by fitting a linear equation to the observed data.
Initially, a scatter plot is used to determine whether a
relationship exists between the variables of interest. The linear
regression model is typically represented by the equation:
Y=aX+b,

Where Y is the dependent variable, X is the independent
variable,aisthe slope ofthelineand b is the intercept.

3.Results

3.1 Monthly and Seasonal temperature variability

The monthly highest and lowest of maximum and minimum
temperatures recorded in different years in the study area over
the last 40 years (1984-2023) is presented in Table 1. The
highest ever maximum temperature was recorded on June 2,
1984 and May 6, 1994 (39.5°C) and the lowest on January 8,
2020 (4.0°C). The highest ever minimum temperature was
recorded on June 16,1986 (27.5°C) and the lowest on January 7,
2013 (-3.6°C). The highest ever annual mean monthly maximum
and minimum temperature was recorded in June; 2005 (34.9°C)
and 1986 (23.0°C) and the lowest in December, 1986 (13.2°C)
andJanuary, 1986 (0.2°C), respectively (Table 1).

The average annual maximum, minimum, mean and diurnal
temperature was 25.4°C, 11.4°C, 18.4°C, and 14.0°C with
corresponding standard deviations of 0.9°C, 0.7°C, 0.7°C and
0.9°C and had a coefficient of variation of 3.7%, 6.5%, 3.8% and
6.6%, respectively. The highest maximum, minimum, mean and
diurnal temperature was in May (31.2°C), July (20.0°C), June
(24.7°C) and November (17.4°C) with standard deviation of
1.7°C,0.9°C, 1.3°Cand 1.7°Cand CV 5.4%, 4.8%, 1.3% and 9.5%,
respectively, the lowest maximum temperature was in January
(17.6°C) followed by February (19.5°C) with standard deviation
of 2.0°C and 2.4°C and CV of 11.3% and 12.3%, respectively
while the lowest minimum and mean temperature was recorded
in January (2.2°C and 9.9°C) with standard deviation of 1.0°C
and 1.2°C and CV of 46.1% and 12.5%, respectively (Table 2).
The lowest diurnal temperature was in July and August (8.5°C)
with a Standard deviation of 1.2°C and 1.1°C and CV 13.6% and
13.2%, respectively.

Table 1. Maximum and minimum temperature variations in Solan for the period of 1984-2023

Months Maximum temperature (°C) Minimum temperature (°C)
Annual Highest Annual lowest Daily highest Daily lowest Annual Highest Annual lowest Daily highest Daily lowest
January 21.6 (2007) 13.5 (1984) 30.6(2009) 4.0(2020) 5.0 (1990) 0.2 (1986) 11.0(1990) -3.6(2013)
February 26.1 (2006) 15.2 (1984) 29.5(2023) 4.4(2022) 8.2 (1987) 0.3 (2011) 14.0(1987) -2.8(2008)
March 28.7 (2004) 18.6 (1990) 33.2(2022) 10.0(2020) 10.8 (1987) 4.1 (1988) 17.5(1987) 0.5(2017)
April 33.2 (2022) 24.5 (1997) 36.0(2022) 10.0(1987) 17.2 (1986) 10.2 (1995) 23.5(2009) 4.5(1997)
May 34.7 (1984) 24.8 (1987) 39.5(1994) 16.0(1987) 19.8 (1984) 13.2 (2023) 27.0(1984) 6.0(1987)
June 34.9 (2005) 26.2 (1985) 39.5(1984) 17.1(2010) 23.0 (1986) 16.6 (1985) 27.5(1986) 8.5(1985)
July 30.9 (1991) 25.2 (1985) 35.5(2021) 20.0(2023) 22.3 (1986) 16.0 (1985) 27.0(1989) 12.5(1985)
August 30.8 (1986) 25.9 (1985) 34.0(1987) 19.5(1987) 22.5(1986) 13.5 (1985) 26.0(1986) 12.5(1985)
September 30.6 (2020) 25.7 (1985) 33.5(2020) 18.0(1986) 19.5 (1986) 11.2 (1985) 24.0(1986) 7.5(1985)
October 29.8 (2020) 22.7 (1997) 33.0(1987) 13.0(1987) 14.3(1987) 6.4 (1985) 25.0(1987) 2.5(1985)
November 25.2 (2016) 20.6 (1997) 30.2(2001) 10.0(1989) 9.8 (1986) 2.0 (1985) 12.5(1986) -1.5(1984)
December 23.2(2008) 13.2 (1986) 32.0(1999) 5.5(1991) 4.5 (1987) 0.9 (2011) 12.5(2004) -2.7(2011)
515. © 2025 AATCC Review. All Rights Reserved.
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Table 2. Descriptive statistics of maximum, minimum, mean and diurnal temperature for the period of 1984-2023

Months Maximum temperature (°C) Minimum temperature (o C) Mean temperature (°C) Diurnal temperature (°C)

Avg SD CV (%) Avg SD CV (%) Avg SD CV (%) Avg SD CV (%)

January 17.6 2.0 11.3 2.2 1.0 46.1 9.9 1.2 12.5 15.4 2.0 12.9
February 19.5 2.4 12.3 4.3 1.5 35.6 11.9 1.7 14.2 15.2 2.2 14.4
March 23.5 2.3 9.7 8.1 1.3 15.9 15.8 1.6 10.1 15.4 1.9 12.2
April 28.1 21 7.5 12.3 1.5 12.5 20.2 1.6 8.1 15.8 1.7 10.9
May 31.2 1.7 5.4 15.9 1.3 8.3 23.6 1.3 5.7 15.3 1.5 9.6
June 30.9 1.9 6.2 18.5 1.1 5.8 24.7 1.3 5.1 12.4 1.8 14.2
July 284 1.3 4.5 20.0 0.9 4.8 24.2 1.0 4.0 8.5 1.2 13.6
August 28.0 11 3.8 19.5 1.2 6.3 23.8 1.0 4.2 8.5 11 13.2
September 28.0 1.2 4.2 16.8 1.5 8.8 224 1.1 5.1 11.2 1.4 12.2
October 26.5 13 5.0 10.5 1.4 13.3 18.5 11 6.2 16.0 15 9.3
November 23.2 1.3 5.5 5.8 1.3 221 14.5 1.0 6.7 17.4 1.7 9.5
December 20.0 21 10.3 2.8 1.0 355 11.4 1.2 10.6 17.2 21 12.4
Annual 25.4 0.9 3.7 11.4 0.7 6.5 18.4 0.7 3.8 14.0 0.9 6.6
Summer 29.6 1.6 5.2 14.1 1.2 8.8 219 1.2 5.6 15.5 1.3 8.7
Monsoon 288 1.0 35 18.7 1.0 5.3 23.8 0.9 3.8 10.1 0.8 8.3
Post monsoon 23.3 1.4 5.8 6.4 1.0 14.9 14.8 0.9 6.1 16.9 1.5 8.8
Winter 20.2 1.7 8.5 49 0.8 17.2 12.5 1.1 8.5 15.3 1.7 10.8

The highest variability in maximum temperature was in
February (CV=12.3%) the lowest variability in August (CV=
3.8%). The highest variability in minimum temperature was in
January (CV=46.1%) the lowest variability in July (CV=4.8%).
The mean temperature was most variable in February
(CV=14.2%) and lowest in July (CV=4.0%). The diurnal
temperature was most variable in February (CV=14.4%) and
lowest in August (CV=1.1%). The maximum, minimum, mean
and diurnal temperature was showing a higher variability
during the winter season with CV 0f8.5%, 17.2%, 8.5 and 10.8%,
respectively and lowest in monsoon season with CV of 3.5%,
5.3%, 3.8% and 8.3%, respectively. The annual was higher in
diurnal temperature (CV=6.6%) followed by minimum
temperature (CV=6.5%), compared to maximum (CV=3.7%)
which was at par with the mean temperature (Table 2).

Overall this analyzed that there was considerable variability in
temperature and hence, more vulnerable to extreme weather
events. Similar results were obtained by the centre on climate
change observed an average annual temperature increase by
0.5°C from 1980 to 2022, with the most pronounced warming
during the winter and post-monsoon seasons. Aroraetal (2005)
reported a significant increase in both maximum and minimum
temperatures from 1901 to 2003 which may increase the
frequency and intensity of extreme temperature events
(Ganeshietal.2023) over India.

3.2 Variability in temperature over the decades

The variability analysis of maximum and minimum
temperatures on a decadal basis is showed in Tables 3 and 4. The
mean annual maximum and minimum temperatures in the
study area were 25.4°C and 11.4°C, with corresponding

standard deviations of 0.9°C and 0.7°C, respectively. On a
decadal basis, the average annual maximum temperature was
recorded as 24.5°C (1984-1993), 25.5°C (1994-2003), 26.2°C
(2004-2013), and 25.5°C (2014-2023). Similarly, the average
annual minimum temperature was 11.3°C (1984-1993), 11.5°C
(1994-2003), 11.3°C (2004-2013), and 11.5°C (2014-2023).
These values indicate that the maximum temperature deviated
between -0.9°C and +0.8°C, while the minimum temperature
deviation ranged from -0.1°C to +0.1°C over the observed
period. According to the results the highest maximum and
minimum temperature was observed in the month of May
(32.0°C) and July (20.3°C) during 2004-2013 and 1993-2003.
Kaur and Kaur (2015) also analyzed long-term trends in
temperature over the past four decades and reported that both
minimum and maximum temperatures have increased over the
past four decades at rates ranging from 0.02°C to 0.07°C per
year.

On the other hand variability analysis of mean and diurnal
temperatures on a decadal basis is depicted in Tables 5 and 6.
The annual mean and diurnal temperatures in the study area
were 18.4°C and 14.0°C, with corresponding standard
deviations of 0.7°C and 0.9°C, respectively. On a decadal basis,
the average annual mean temperature was recorded as 17.9°C
(1984-1993), 18.5°C (1994-2003), 18.8°C (2004-2013), and
18.5°C (2014-2023). Similarly, the average annual diurnal
temperature was 13.3°C (1984-1993), 14.0°C (1994-2003),
14.9°C (2004-2013), and 14.0°C (2014-2023). These values
indicate that the mean temperature deviated between -0.5°C
and +0.4°C, while the diurnal temperature deviation ranged
from -0.8°Cto +0.8°C over the observed period.
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Table 3. Decadal statistical analysis of monthly, seasonal and annual variation of maximum temperaturefor the period of 1984-2023

1984-1993 1994-2003 2004-2013 2014-2023
Mean SD CV (%) Dev Mean SD CV (%) DEV Mean SD CV (%) DEV Mean SD CV (%) DEV
January 16.1 2.0 12.7 -1.5 17.9 1.4 7.6 0.3 18.8 2.0 10.8 1.2 17.6 1.7 9.7 0.0
February 18.1 2.1 11.5 -1.4 19.1 2.0 10.6 -0.3 20.5 2.6 12.8 1.1 20.1 2.4 11.8 0.7
March 219 2.0 9.1 -1.6 23.4 1.5 6.2 -0.1 25.2 1.7 6.8 1.7 23.5 2.7 11.6 0.0
April 27.2 1.6 5.8 -0.9 28.0 2.5 9.0 0.0 29.0 1.9 6.5 0.9 28.1 2.3 8.1 0.0
May 309 2.8 9.0 -0.3 31.7 1.0 31 0.5 32.0 0.7 2.0 0.8 30.3 1.1 3.7 -1.0
June 30.6 2.0 6.7 -0.3 30.9 1.8 5.9 0.0 31.4 2.3 7.3 0.5 30.7 1.6 5.2 -0.2
July 28.1 1.9 6.8 -0.3 28.6 1.0 35 0.1 289 1.0 3.4 0.5 28.2 1.0 3.7 -0.3
August 27.7 1.4 5.2 -0.3 27.8 0.9 3.2 -0.3 28.2 0.9 31 0.2 284 0.9 3.0 0.4
September 27.5 15 5.4 -0.5 27.7 0.9 3.2 -0.2 283 1.0 3.4 0.3 284 1.2 4.2 0.4
October 25.9 1.3 5.0 -0.6 26.6 1.6 6.1 0.0 26.8 1.0 3.5 0.3 26.8 1.3 4.9 0.3
November 22.0 1.0 4.7 -1.2 23.4 1.2 5.1 0.2 24.0 1.0 4.1 0.8 23.5 1.0 4.3 0.3
December 18.4 2.6 14.4 -1.6 20.4 1.8 8.7 0.4 21.1 13 6.1 1.0 20.3 1.5 7.3 0.2
Annual 24.5 0.7 2.9 -0.9 25.5 0.9 3.4 0.0 26.2 0.7 2.7 0.8 25.5 0.7 2.7 0.1
Summer 29.0 1.8 6.3 -0.6 299 1.5 5.0 0.2 30.5 11 3.6 0.9 29.2 1.5 5.0 -0.5
Monsoon 28.5 1.5 5.3 -0.3 28.7 0.5 1.6 -0.1 29.2 1.0 3.3 0.4 289 0.8 2.9 0.1
Post monsoon 221 1.4 6.1 -1.2 23.5 1.4 6.0 0.2 24.0 0.9 3.7 0.7 23.5 1.1 4.6 0.3
Winter 18.7 0.9 4.8 -1.5 20.2 1.3 6.5 0.0 21.5 1.5 7.0 1.3 20.4 1.8 9.0 0.2
Table 4. Decadal statistical analysis of monthly, seasonal and annual variation of minimum temperaturefor the period of 1984-202.
1984-1993 1993-2003 2004-2013 2014-2023
Mean SD CV(%) DEV Mean SD CV(%) DEV Mean SD CV(%) DEV Mean SD CV(%) DEV
January 2.2 1.5 35.3 -0.1 2.3 0.9 40.1 0.1 1.9 1.0 54.2 -0.3 2.6 0.4 15.6 0.3
February 4.1 2.0 24.3 -0.2 4.1 1.0 23.6 -0.2 4.1 1.9 45.3 -0.1 4.8 1.0 21.4 0.5
March 7.8 2.1 140.1 -0.3 8.1 1.0 12.0 0.0 8.5 0.9 10.5 0.4 8.1 0.9 11.6 0.0
April 12.5 1.9 112.4 0.2 119 1.2 10.2 -0.4 12.8 1.8 13.7 0.5 12.0 1.2 10.4 -0.3
May 16.3 2.0 121.6 0.4 16.2 1.1 7.0 0.3 16.0 0.6 3.8 0.1 15.1 1.1 7.1 -0.8
June 18.7 1.8 97.0 0.2 18.7 0.8 4.2 0.3 18.5 0.6 3.2 0.1 17.9 0.6 3.4 -0.5
July 19.5 1.7 87.4 -0.5 20.3 0.3 1.4 0.3 20.0 0.5 2.7 0.0 20.1 0.4 2.0 0.2
August 19.0 2.3 90.3 -0.5 19.8 0.4 2.1 0.2 19.5 0.5 2.6 -0.1 19.9 0.5 2.6 0.3
September 16.5 2.5 79.5 -0.3 16.7 11 6.4 -0.1 16.6 0.8 4.9 -0.2 17.4 1.0 5.6 0.6
October 10.4 2.3 95.6 -0.1 10.5 1.0 9.1 -0.1 10.3 1.2 11.2 -0.2 10.9 0.8 7.2 0.4
November 5.5 2.1 49.1 -0.3 6.0 0.7 11.8 0.2 5.4 0.7 13.7 -0.4 6.4 1.0 15.3 0.6
December 3.0 1.1 43.0 0.2 3.0 0.8 26.6 0.2 2.4 1.1 48.0 -0.4 2.8 1.0 34.1 0.0
Annual 11.3 1.3 91.1 -0.1 11.5 0.3 2.4 0.1 11.3 0.5 4.7 -0.1 11.5 0.4 3.4 0.1
Summer 14.4 1.7 117.8 0.3 14.0 1.0 7.4 0.0 14.4 0.9 6.6 0.3 13.6 11 8.3 -0.5
Monsoon 18.4 1.9 88.8 -0.3 18.9 0.4 1.9 0.2 18.6 0.4 2.3 -0.1 189 0.4 2.2 0.2
Post monsoon 6.3 1.6 71.5 -0.1 6.5 0.6 8.6 0.1 6.0 0.8 12.5 -0.4 6.7 0.6 8.3 0.3
Winter 4.7 1.2 76.5 -0.2 4.8 0.5 10.5 0.0 4.8 1.0 20.7 0.0 5.1 0.5 9.1 0.3
Table 5. Decadal statistical analysis of monthly, seasonal and annual variation of mean temperaturefor the period of 1984-2023
1984-1993 1993-2003 2004-2013 2014-2023
Mean SD CV(%) DEV Mean SD CV(%) DEV Mean SD CV(%) DEV Mean SD CV(%) DEV
January 9.1 1.6 17.5 -0.8 10.1 0.9 8.8 0.2 10.3 1.3 12.5 0.4 10.1 0.8 8.1 0.2
February 11.1 1.7 15.6 -0.8 11.6 1.4 11.9 -0.2 12.3 1.9 15.7 0.5 12.4 1.5 12.2 0.6
March 14.8 1.7 11.4 -1.0 15.8 1.1 7.0 -0.1 16.8 1.3 7.4 1.0 15.8 1.8 11.4 -0.0
April 19.8 1.6 8.0 -0.4 20.0 1.8 9.0 -0.2 20.9 1.6 7.8 0.7 20.0 1.6 7.9 -0.1
May 23.6 2.1 8.7 0.0 239 1.0 4.0 0.4 24.0 0.5 2.1 0.5 22.7 1.0 4.6 -0.9
June 24.6 1.7 6.9 -0.0 24.8 1.2 5.0 0.1 25.0 1.3 5.2 0.3 24.3 0.8 3.2 -0.4
July 238 1.7 7.1 -0.4 24.4 0.6 2.3 0.2 24.4 0.6 2.3 0.2 241 0.5 2.2 -0.1
August 23.4 1.8 7.5 -0.4 23.8 0.6 2.4 -0.0 23.9 0.6 2.3 0.1 24.2 0.5 2.0 0.4
September 22.0 1.9 85 -0.4 22.2 0.6 2.7 -0.1 22.4 0.8 3.4 0.0 229 0.9 3.8 0.5
October 18.1 1.7 9.4 -0.4 18.5 1.0 5.6 -0.0 18.6 0.8 4.1 0.0 189 0.9 4.8 0.4
November 13.8 1.3 9.5 -0.8 14.7 0.6 4.4 0.2 14.7 0.8 5.2 0.2 15.0 0.7 4.5 0.4
December 10.7 1.6 14.9 -0.7 11.7 0.8 6.9 0.3 11.7 1.1 9.6 0.3 11.5 11 9.2 0.1
Average 17.9 0.9 5.1 -0.5 18.5 0.6 3.0 0.1 18.8 0.6 3.2 0.4 18.5 0.4 2.4 0.1
Summer 21.7 1.5 6.7 -0.2 22.0 1.2 5.6 0.1 22.4 0.9 3.9 0.6 21.4 1.2 5.6 -0.5
Monsoon 23.5 1.6 7.0 -0.3 23.8 0.4 1.6 0.0 239 0.6 2.5 0.2 239 0.4 1.9 0.1
Post monsoon 14.2 1.2 8.1 -0.6 15.0 0.8 5.3 0.1 15.0 0.7 4.7 0.2 15.1 0.7 4.6 0.3
Winter 11.7 0.6 5.5 -0.9 12.5 0.8 6.4 -0.0 13.2 1.1 8.6 0.6 12.8 11 8.6 0.2
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Table 6. Decadal statistical analysis of monthly, seasonal and annual variation of diurnal temperaturefor the period of 1984-2023

1984-1993 1993-2003 2004-2013 2014-2023

Mean SD CV(%) DEV | Mean SD CV(%) DEV | Mean SD CV(%) DEV | Mean | SD CV(%) DEV

January 13.9 16 11.7 1.4 15.6 15 9.5 03 16.9 1.9 114 15 15.1 1.9 12.4 03
February 14.0 2.2 15.9 1.2 15.0 16 10.4 0.1 16.4 2.4 14.8 1.2 15.3 2.0 13.2 0.2
March 14.1 2.3 16.3 -13 15.3 1.1 7.3 0.1 16.8 1.1 6.3 1.4 15.4 1.9 12.4 0.0
April 14.7 15 10.1 1.1 16.1 16 9.9 03 16.2 1.7 10.3 0.4 16.1 1.9 116 0.3
May 14.7 25 173 0.7 15.5 0.9 58 0.2 16.0 0.7 4.6 0.7 15.1 0.6 4.2 02
June 12.0 1.8 14.9 0.5 12.2 13 10.7 03 12.9 2.1 16.7 0.4 12.8 1.9 145 0.3
July 8.7 13 14.6 0.2 8.3 1.0 11.6 0.2 9.0 1.1 12,5 05 8.0 1.2 14.7 05
August 8.7 16 18.3 0.2 8.0 0.8 10.1 05 8.7 0.9 10.0 03 8.5 1.0 12.1 0.1
September 11.0 16 14.9 -0.1 11.0 15 14.1 02 11.7 0.9 7.9 05 10.9 13 12.0 02
October 15.5 16 10.5 0.5 16.1 16 10.1 0.1 16.5 15 9.0 05 15.9 1.2 7.7 0.1
November 16.5 2.1 125 0.9 17.4 15 8.4 0.0 186 0.9 4.6 12 17.1 15 8.6 03
December 15.4 25 15.9 -1.8 17.4 2.3 12.9 0.2 18.7 0.9 5.0 14 17.4 13 7.4 0.2
Average 133 1.1 8.4 -0.8 14.0 0.6 45 0.0 14.9 0.4 2.9 08 14.0 0.7 5.0 0.0
Summer 14.7 1.9 133 0.9 15.8 08 53 03 16.1 1.0 6.4 0.6 15.6 1.0 6.6 0.1
Monsoon 10.1 1.0 95 -0.0 98 03 3.2 03 10.6 0.9 83 0.4 10.1 1.0 99 0.1
Post monsoon 15.8 1.8 113 1.1 17.0 1.4 8.3 0.1 17.9 0.9 48 1.1 16.8 1.0 5.8 0.1
Winter 14.0 1.7 122 13 153 12 7.7 0.0 16.7 12 7.0 14 153 15 99 0.0

Mann-Kendall (MK) testand Sen's slope estimator trends of Maximum and minimum temperatures:

The Mann-Kendall test and Sen's slope estimator were applied to the time series data from 1984 to 2023 for the study area. The
results of the MK test and Sen's slope estimator are presented in Table 7. The trend analysis has been done for all the months of the
year, climatic seasons (winter, summer, monsoon, and post-monsoon), and the whole year. The results of trend analysis showed a
statistically significant increase in maximum and mean temperature in most months, particularly inFebruary (Z=2.7** and 2.3*)
andNovember (Z=3.1**and 2.5*) While the minimum temperature trends were increasing non-significantly. According to the results
May month showed a significantly decreasing trend in all temperature parameters (T, ., T Tiean)- OVerall, the annual trends showed
asignificantincrease in maximum (Z=2.5*) and diurnal (Z=2.2*) temperature. On a seasonal basis, winter and post-monsoon season
are increasing significantly at 5% and 1% level of significance, and the monsoon season remains relatively stable. Themean
temperaturealso showed significant increasing trends during the post-monsoonand winter (Z=2.8**) seasons, indicating a long-
term warming in the mid hills of Himachal Pradesh. The Diurnal Temperature Range showed a significant increasing trend in winter
(Z=2.5%) at 5% level of significance, indicating that day temperatures are rising faster than night temperatures, which may have
importantimplications for agriculture and crop stress.

Table 7: Monthly, seasonal and annual trend analysis of maximum, minimum, mean and diurnal temperature from 1983-2023

Tmax Tmin Tmeam Tbiurnal

Time series Z- statistics Q-statistics Trends Z- tatistics Q- tatistics Trends Z- tatistics Q- tatistics Trends Z- tatistics Q-tatistics Trends
January 2.1" 0.07 ) 0.97 0.02 T 2.0 0.040 T 1.7+ 0.056 T
February 2.7 0.09 ) 1.41 0.03 T 2.3" 0.055 T 2.3" 0.067 T
March 1.6 0.06 ) 0.52 0.01 T 1.13 0.026 T 2.2" 0.065 T
April 1.4 0.03 ) -0.06 -0.001 l 0.83 0.018 T 1.9+ 0.047 T
May -1.7+ -0.04 l -1.40 -0.03 l -2.2" -0.033 l 0.01 0.000 T
June -0.2 -0.01 l -1.33 -0.018 l -0.66 -0.010 l 1.3 0.034 T
July 0.1 0.00 T 0.87 0.006 T 0.00 0.000 T -0.90 -0.013 !
August 2.2" 0.03 ) 1.57 0.017 T 2.6™ 0.024 T 0.71 0.012 T
September 2.2" 0.03 ) 1.06 0.025 T 2.1 0.037 T 0.27 0.008 T
October 1.5 0.02 T 1.43 0.029 T 2.1" 0.027 T 0.59 0.015 T
November 3.1 0.06 ) 1.04 0.018 T 2.5" 0.035 T 1.06 0.021 T
December 1.6 0.05 ) -1.03 -0.015 l 1.4 0.028 T 1.83* 0.059 T
Annual 2.5" 0.04 ) 0.55 0.004 T 1.95* 0.020 T 2.2" 0.031 T
Summer -0.1 0.00 { -0.80 -0.012 l -0.22 -0.008 l 1.20 0.020 T
Monsoon 0.9 0.01 ) 0.87 0.007 T 0.99 0.009 T 0.69 0.007 T
Post monsoon 2.5" 0.05 ) 0.24 0.003 T 2.1 0.026 T 1.48 0.030 T
Winter 3.1 0.07 ) 1.39 0.015 T 2.8" 0.041 T 2.5" 0.062 T

(*Significant at 5% level of significance, ** at 1% level of significance, T=Increasing trend andl=Decreasing trend)

The tomato plant's life cycle can be divided into four stages: vegetative, first flowering cluster and first fruit-set, fruit filling and last
ripening and harvest. The vegetative and flowering stages require relatively warm temperatures to promote vigorous growth, proper
leaf development and successful flower initiation. The fruit filling stage begins when soil temperatures reach 18-21°C, which is also
the optimal range for transplanting seedlings. During this stage, moderate and stable temperatures are essential for proper fruit
enlargement and quality. The final ripening and harvest stage benefits from mild temperature conditions, which enhance the
synthesis of pigments and sugars, especially in capsicum, which transitions through green, yellow, orange, and red stages. Each color
stage corresponds to specific flavor profiles and culinary uses, and temperature directly influences the rate of ripening and pigment
development. The regression models were developed between maximum, minimum, mean and diurnal temperature and yield
(MT/ha) of selected crops. The graph depicts that all temperatures parameters had a negative impact on capsicum and tomato yield
(Figure 4 & 5). The coefficients of deterministic explained the negative relationship between all the temperature parameters and
selected crop yield. The variability of capsicum crop was explained by 17%, 9%, 18% & 6% whereas 20%, 8%, 20% and 10% in
tomato crop. The results of regression model indicated that the heatstressduring critical growth periodsmay reduce productivity,
and temperature management strategies may be needed under warming climate scenarios.
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Fig 4. Relationship between temperature parameters andyield of capsicum crop emperature (°C)

Fig 5. Relationship between temperature parameters and yield of tomato crop

Conclusion

This comprehensive study on temperature patterns in the mid hills of Himachal Pradesh over the past four decades (1984-2023)
reveals significant climatic changes with reflective implications for agricultural productivity. The trend analysis indicates a
significant increase in maximum, mean, and diurnal temperatures, especially during winter and post-monsoonseasons, while May
and early summer months show declining temperature trends indicating seasonal variability in warming patterns. This shows that
theyield and temperature are inversely correlated. For maximum yield of capsicum and tomato maximum temperature ranged from
25-30°C, the minimum ranged from 15-20°C and the mean temperature ranged from 20-25°C. These findings underscore the complex
relationship between climatic factors and agricultural productivity, emphasizing the need for adaptive agricultural practices and
climate-resilient strategies to sustain and enhance crop yields amidst ongoing climatic changes. The study provides critical insights
for policymakers and agricultural stakeholders in planning and implementing effective climate adaptation and mitigation strategies
to addressthe challenges posed by rising temperatures and their impact on crop-production.
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