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R — Stearg gRadeeiedr, 3y &7 & dmee iR aft & 3ar-aee F H &9 W Hgcaqul IHE
fewman, a9 &7 & @iy geaT gARad wa & AT Agcaqul wHe gonfodi W Uh SAaE HeITA F
fRerae geor & Ak o & ¥ R aeEEl W gERcAs AW FERCHS Al oAy TRadeeierdr
& YN HT Hiehold fhaTl g8 ST & 27 anf (1995-2021) # Fefary = 3R BHT Icleehel & &l
Sfee dael &1 faeawor R, S Siearg-3igee Al #i WS Fafdd == & fav Jgeaqel 3defte
VeI AT B YT Seag W A Adtas gl & Jedied S & v aifkadg sqamoi 3R
Alzell & FAET fFar o/ an, S 3@ 7w aRadar & ardear 3R X AU e | eaa $Rd
o = am) e f Ef & de, @l () & Aed F Rwan R Sgean gt amEs F
FA: -0.080°C/a¥ 3R -0.090°C/a¥ HT I & Fecaqul FRrae & 78| TS FEal & ygfa fazawor &
Ul (0.046 coAREA/AY) R arell (0.020 TA/GFIVAY) N IculGahar #H Hecaqul Jefer 1 Hahd fe,
STafh Herh HI Icqaehdl H Hecdeldl daid ST TS| arerare & #, FHLMASoT & (Temperate zone) #
Bl ol HT HGEAT F AN HFaH AR FgAdH QA AR H Agcaqe! e d&r s, S w9
tallelTotehel T A STerarg-ORd aRads=i &1 goa &t &1 g8 3Hamar, 3u-3sorfeaeia (Sub-tropical)
81T H, Hel ofelel I AEAT & SN AUFAR AAET F Ageaqul FA gof H TS A A ey s
¢ o Roa 27 adf &, fAwk S & Soary 9Radet @1 3e7ee i osa, R el i Gaar
& 3UTGHAT W A dR R THRIcHS TG g2 &, S dear & Mg & a8 o =@ oo &
& # P Scaehal P AT W AR To & T Jgad SToarg Tl & HH Iefdoled o
&I FEcaqUT ATTLTHAT T T STeT|

ABSTRACT. Climate variability, particularly fluctuations in temperature and rainfall, showed significant impacts
on the agricultural sector, especially on cropping systems critical to ensuring food security. A comprehensive study
assessed the influence of both positive and negative climate variability on agriculture and horticulture in the Sirmour
district of Himachal Pradesh. This investigation analyzed the complex relationship between climate variables and crop
productivity over 27 years (1995-2021), providing insights crucial for developing climate-resilient farming strategies.
The statistical tools and models were employed to evaluate long-term trends in key climatic variables, with a focus on
determining the significance and rate of observed changes. Over the study period, a significant decline in both maximum
and minimum temperatures during the Kharif (summer) season was observed, with rates of -0.080°C/year and -
0.090°C/year, respectively. Trend analysis of Kharif crops indicated a significant increase in the productivity of rice
(0.046 t/halyear) and pulses (0.020 t/ha/year), while maize showed a non-significant increase in productivity. In the
horticulture sector, significant declines in both maximum and minimum temperatures were observed during the fruit-
setting stage in the temperate zone, suggesting climate-induced alterations across multiple phenological stages.
Furthermore, in the sub-tropical region, a significant decrease in maximum temperature was recorded during the fruit-
setting stage. These findings indicate that over the past 27 years, climatic changes in the Sirmour district have had a
generally positive impact on the productivity of most fruit crops, except guava, which exhibited a decline in yield. This
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analysis highlighted the critical need for adaptive strategies in the face of evolving climate patterns to sustain and

enhance agricultural productivity in the region.
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1. Introduction

The phenomenon of climate change is already
affecting food security by raising temperatures, altering
precipitation patterns, and increasing the occurrence of
extreme events (Mbow, et al, 2019). Increased
temperatures have been shown to cause heat stress in
important crop species, which can impair photosynthesis,
disrupt critical growth stages, and impede plant
development as a whole (Ruchel, et al., 2020). In addition,
elevated temperatures have been linked to an increase in
pests and diseases, which in turn results in reduced crop
quality and vyield (Getahun, et al., 2022). The crop
productivity is expected to reduce when rainfall patterns
change and hot spells become more unpredictable, (Gora,
et al., 2019).

Himachal Pradesh is an important part of the
Himalayas, and the mountain ecosystem is highly
sensitive to climate change (KC, et al.,, 2022). Local
studies on climatic trends conducted in several
agroclimatic zones in Himachal Pradesh Himalayas have
shown declining trends in rainfall while increasing
maximum and lowest temperatures in the mountain state
of Himachal Pradesh (Rana et al., 2012). Similarly, the
farmers’ perceptions across different Agroclimatic zones
on weather cycles with climate change in Himachal
Pradesh also clearly described the validated change in
climatic parameters causing a shift in crop production
from crops that require high to low water. The
study concludes that climate variability has a clear impact
on crop productivity and increases in vulnerability in
climate-dependent agricultural systems. (Rana, et al.,
2013).  Similarly, drastic climate change alters the
progressive stages of pathogens in the agriculture sector,
severely affecting crop growth and yields, as well as
potentially increasing pest and insect populations,
ultimately destroying overall productivity (Rao, et al.,
2019b). Also, the changes in climatic parameters in
Himachal have indicated a decrease in water resources in
the mountains during the past three decades impacting the
assured irrigation channel (Rana, et al., 2014). Weather
parameter forecasts were proven to be useful and
profitable for agricultural decision-making, particularly
rainfall and temperature forecasts proved to be
advantageous in conserving irrigated crops (Rana et al.,
2013).

The current study region contains a substantial
component of the Himalayan ecosystem, and entirely
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Himalayan region is considered to be highly vulnerable
to climate change (Gopirajan, et al., 2022). To
examine the effect of major climate drivers
i.e., temperature and rainfall, a study was conducted in the
Sirmour district of Himachal Pradesh to investigate
the impact on agriculture and horticulture crops. The
study conducted for climate vulnerability in the
Agricultural sector for the region concluded that the
shift toward off-season vegetable production better
control of diseases, insects, and pests and the
implementation of adaptation measures to offset climate
change can enhance climate resilience in mountain
regions. (Rana, et al. 2021).

2. Data and methodology

2.1. Study area

Sirmour is the southernmost district of Himachal
Pradesh, in northern India. It is largely mountainous and
rural, with 90% of its population living in villages. The
district is headquartered in Nahan and lies between North
latitude 31° 01°00” to 30° 22°00” and East longitude 77°
01°00” to 77° 50°00”. The district has an inter-State
boundary in the south with the states of Haryana and Uttar
Pradesh and in the east with Uttarakhand (Fig. 1).

2.2. Database

The meteorological variables, i.e., temperature and
rainfall, were collected from the India Meteorological
Department (IMD), Shimla for the Sirmour district for the
years 1995 to 2021. The data on acreage and production of
horticulture and agriculture crops over the past three
decades (1995-2021) was obtained from the Department
of Economics and Statistics, Government of Himachal
Pradesh. The agriculture data was categorized as Rabi
(winter) and Kharif (summer) seasons, i.e., November to
April and May to October, respectively. For horticultural
crops, datasets were categorized into different
phenological stages: pre-flowering, flowering, and fruit
setting. The study examined thirteen fruit crops to assess
the effects, including apple (Malus domestica), plum
(Prunus domestica), peach (Prunus persica), apricot
(Prunus armeniaca), pear (Pyrus communis), various dry
fruits, guava (Psidium guajava), mango (Mangifera
indica), orange (Citrus reticulata), malta (Citrus sinensis),
galgal (Citrus medica), kagzi lime (Citrus limon), litchi
(Litchi chinensis), and five agriculture crops viz., maize
(Zea mays), rice (Oryza sativa), wheat (Triticum vulgare),



