
 
MSW MANAGEMENT -Multidisciplinary, Scientific Work and Management Journal  

ISSN: 1053-7899  
Vol. 35  Issue 2,   2025, Pages: 1867-1875 

 

 
https://mswmanagementj.com/ 

1867 

Impact of Climate Change on Horticulture in Himachal Pradesh: Temperature Trends, Crop Responses 

and Adaptation Strategies 

 
Hakam Chand¹, Mudasir Ahmad Dar² 

¹Research Scholar, Department of Economics, Mittal School of Business, Lovely Professional University, 

Phagwara, Punjab, India. 

📧 Chandhakam865@gmail.com 

²Assistant Professor, Department of Economics, Mittal School of Business, Lovely Professional University, 

Phagwara, Punjab, India. 

📧 Darmudasir74@gmail.com 

ABSTRACT 
Climate change poses unprecedented challenges to Himalayan horticultural systems, with Himachal Pradesh 

experiencing significant temperature increases, altered precipitation patterns, and declining chill hour 

accumulation critical for temperate fruit production. This comprehensive study examines climate change impacts 

on horticulture across all altitudinal zones of Himachal Pradesh during 1990-2023, employing mixed-methods 

approach integrating meteorological data analysis, crop production statistics, and primary farmer surveys 

(n=450, 8 districts). Temperature analysis reveals significant warming trend of +1.36°C over the study period 

(+0.40°C/decade, p<0.001), with pronounced increases during winter months (+1.8°C) critical for chill 

requirement fulfillment [citation_c4aac]. Annual rainfall demonstrates declining pattern from 1,245mm (1990-

99 average) to 1,068mm (2014-23), representing 14.2% reduction with increasing inter-annual variability 

(coefficient of variation increased from 12% to 23%). Snowfall days declined dramatically from 45 days/year 

(1990-99) to 22 days/year (2020-23), resulting in 36.8% reduction in chill unit accumulation at mid-altitude 

apple zones (1,500-2,200m). Crop impact assessment reveals differential responses: high-altitude apple 

cultivation experiencing 18% average yield decline due to inadequate chill hours and increased pest pressures, 

mid-altitude zones showing 12% decline with northward and upward geographical shift of suitable cultivation 

areas averaging 280-350m altitude gain, stone fruits demonstrating moderate resilience with 8% yield reduction, 

while subtropical fruits and off-season vegetables exhibiting positive responses (+12% and +5% respectively) 

due to extended growing seasons and reduced frost risks. Extreme weather event frequency increased 2.8-fold, 

with unseasonal frost events, damaging hailstorms, and concentrated rainfall causing substantial production 

losses averaging 15-25% in affected seasons. Farmer perception surveys indicate 87% farmers observing 

significant climate changes including delayed winter onset, reduced snow cover duration, erratic rainfall 

patterns, and increasing pest-disease pressures, with 62% reporting adoption of various adaptation strategies 

including variety diversification, altitude zone shifts, protected cultivation, and irrigation system improvements. 

Statistical analysis confirms strong negative correlation between temperature increase and apple productivity in 

traditional zones (r=-0.78, p<0.001), while regression modeling indicates each 1°C temperature increase 

associates with 12.5% yield reduction in mid-altitude apple belts when chill hours fall below critical threshold 

of 1,000-1,200 hours. Economic impact assessment estimates annual production losses of ₹1,200-1,500 crores 

attributable to climate change effects, affecting approximately 850,000 farming families dependent on 

horticulture. Priority adaptation interventions recommended include: development and promotion of low-chill 

apple cultivars requiring <800 chill hours, strategic altitude zone management with systematic cultivation shifts 

to higher elevations (2,200-3,000m) in suitable areas, crop diversification toward climate-resilient species 

including kiwi, persimmon, and high-value vegetables, precision irrigation systems addressing erratic rainfall 

patterns and water scarcity, integrated pest management for emerging climate-induced pest challenges, protected 

cultivation technologies extending growing seasons and reducing weather risks, weather-indexed crop insurance 

schemes, real-time agro-advisory systems utilizing climate forecasts, and comprehensive capacity building for 

climate-smart horticultural practices. The study provides empirical evidence that climate change fundamentally 

threatens traditional horticulture in Himachal Pradesh while simultaneously creating opportunities in new crop 

systems and altitude zones, demanding proactive, evidence-based adaptation strategies ensuring sectoral 

sustainability and farmer livelihood security under changing climate scenarios. 

Keywords: Climate change; Global warming; Horticulture; Apple cultivation; Temperature trends; Chill hours; 

Himachal Pradesh; Crop adaptation; Altitude shift; Extreme weather; Snowfall decline; Rainfall variability 

1. INTRODUCTION 

Climate change represents one of the most critical environmental challenges confronting global agriculture in 
the 21st century, with mountain ecosystems particularly vulnerable to warming-induced transformations. The 

Intergovernmental Panel on Climate Change (IPCC) reports indicate mountain regions warming at rates 2-3 
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times higher than global averages, creating profound implications for agriculture-dependent communities and 

specialized crop production systems. Himachal Pradesh, situated in the northwestern Himalayan region (30°22'N 

to 33°12'N latitude, 75°47'E to 79°04'E longitude, altitude range 350-6,975m), exemplifies these vulnerabilities 

while simultaneously representing one of India's premier horticultural economies where temperate fruit 

production, particularly apples, constitutes livelihood foundation for approximately 850,000 farming families 

across 12 districts. 

The state's horticultural significance stems from unique agroclimatic advantages: altitudinal gradation creating 

diverse microclimatic zones suitable for temperate (apple, pear, stone fruits, walnut), subtropical (citrus, mango, 

litchi), and tropical (banana) crops; adequate winter chilling fulfilling dormancy requirements of temperate 

fruits; favorable temperature ranges during critical phenological stages; and sufficient precipitation supporting 

rain-fed cultivation in many areas. Horticulture contributes 12-15% of state Gross State Domestic Product 

(GSDP), provides primary income source for 62% of farming households, generates employment for additional 

350,000 workers through harvest labor and value chain activities, and earns substantial export revenues with 

apple alone valued at ₹5,300 crores annually (2022-23). Apple cultivation dominates, spanning 112,000 hectares 

producing 1.92 million tonnes (89% of India's production), concentrated in Shimla, Kullu, Kinnaur, Mandi, and 

Chamba districts at 1,500-2,800m altitude. 

However, this economically vital sector faces mounting climate change pressures threatening its sustainability 

and productivity. Observational evidence from meteorological stations, farmer experiences, and agricultural 

production records increasingly documents climate-induced transformations: rising temperatures particularly 

during critical winter months when temperate fruits require sustained cold exposure for breaking dormancy and 

ensuring adequate flowering and fruit set, altered precipitation patterns characterized by declining total annual 

rainfall, increasing rainfall intensity creating flood risks during concentrated events while simultaneously 

extending dry spells, and substantial snowfall reductions in high-altitude zones traditionally dependent on snow 

cover for winter moisture and gradual spring melt irrigation. These climatic shifts manifest in tangible 

agricultural impacts including inadequate chill hour accumulation preventing proper dormancy breaking in apple 

and stone fruits, phenological disruptions with advanced budbreak and flowering exposing blossoms to late frost 

damage, geographical range shifts as traditional cultivation zones become thermally unsuitable necessitating 

upward and northward migration, emerging pest and disease pressures as warming enables survival and 

proliferation of previously cold-limited organisms, and increased production risks from extreme weather events. 

Despite climate change's recognized significance, systematic empirical research documenting long-term climatic 

trends, quantifying specific horticultural impacts, analyzing crop-wise differential vulnerabilities and responses, 

and identifying effective adaptation strategies remains fragmented and geographically limited [citation_cb71e]. 

Most existing studies focus on single-district case studies rather than state-wide assessments, examine short time 

periods (5-10 years) insufficient for robust climate trend detection, analyze aggregate horticulture without crop-

specific disaggregation, or employ limited methodologies focusing exclusively on either climate data analysis 

or farmer perceptions without integrated approaches. This research-practice gap constrains evidence-based 

adaptation planning and policy formulation. 

This comprehensive study addresses identified knowledge gaps through rigorous empirical investigation 

spanning 1990-2023, integrating meteorological data from 15 representative weather stations across all 

altitudinal zones, horticultural production statistics from Department of Horticulture covering all major crops 

and districts, and primary field surveys with 450 farmers from 8 districts employing stratified random sampling 

ensuring representativeness across altitude zones, farm sizes, and crop specializations. Specific research 

objectives systematically encompass: (1) analyzing long-term trends in key climate parameters including 

temperature, rainfall, snowfall, and frost occurrence, (2) quantifying climate change impacts on production, 

productivity, and phenology of major horticultural crops, (3) assessing geographical shifts in suitable cultivation 

zones through altitude and latitude analysis, (4) documenting farmer perceptions of climate changes and their 

agricultural manifestations, (5) evaluating adaptation strategies currently employed and their effectiveness, (6) 

estimating economic implications of climate-induced productivity changes, and (7) formulating evidence-based 

recommendations for climate-resilient horticulture development. 

2. REVIEW OF LITERATURE 

Global climate change research consistently documents accelerating warming trends, with IPCC Sixth Assessment 

Report confirming 1.1°C global temperature increase since pre-industrial era, projected to reach 1.5-2.0°C by 

2040 under current emission trajectories. Mountain regions demonstrate amplified warming termed "elevation-

dependent warming" attributed to snow-albedo feedbacks, aerosol deposition, and cloud formation changes. 

Himalayan studies indicate temperature increases of 0.15-0.20°C per decade, substantially exceeding global rates, 

accompanied by 5-10% precipitation declines in western Himalayas and 20-25% reductions in snow cover extent. 
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Horticulture-specific climate impact research demonstrates temperate fruit production's exceptional 

vulnerability due to precise chill hour requirements, narrow flowering windows susceptible to frost damage, and 

long-term investment horizons (20-30 year orchard lifespan) rendering rapid adaptation difficult. Apple 

cultivation research globally shows strong negative correlations between inadequate winter chilling and 

subsequent yields, with chill hour reductions below cultivar-specific thresholds causing irregular flowering, poor 

fruit set, and quality degradation. Studies from traditional apple regions including Washington State (USA), 

Himachal Pradesh (India), and Chinese highlands document productivity declines of 10-25% attributed to 

warming-induced chill deficits, alongside geographical range contractions and upward altitude shifts averaging 

150-200m per decade. 

Research specific to Himachal Pradesh horticulture indicates rising temperatures have caused 1.8-4.1°C 

increases in apple belt districts over recent decades, reflected in chill unit declines from >1,200 hours (1980s) to 

800-1,000 hours (2010s) in mid-altitude zones, making these areas increasingly marginal for conventional 

cultivars. Farmers report phenological changes including 10-15 day advancement in flowering, increased frost 

damage to blossoms, greater pest pressures particularly codling moth and woolly aphid proliferating in formerly 

cold-limited zones, and irregular bearing patterns. Snowfall analyses show declining trends with reduction rates 

of 36.8mm annually in high-altitude districts, concentrated in early winter (October-December) and late winter 

(March-April), effectively shrinking productive winter period. 

Adaptation research emphasizes variety development focusing on low-chill cultivars tolerating <800 hours, 

protected cultivation technologies, precision irrigation addressing altered water availability, integrated pest 

management for emerging threats, and crop diversification toward climate-resilient species. Economic 

assessments estimate climate change could reduce Indian horticultural productivity by 15-30% by 2050 without 

effective adaptation, with particularly severe impacts in Himalayan states. However, adaptation research remains 

limited regarding farmer adoption constraints, cost-benefit analyses, and effectiveness evaluations across diverse 

farm typologies. 

3. RESEARCH METHODOLOGY 

This study employed comprehensive mixed-methods research design integrating three complementary data 

sources: (1) meteorological data for climate trend analysis, (2) agricultural statistics for production impact 

assessment, and (3) primary farmer survey for ground-level validation and adaptation strategy evaluation. 

3.1 Meteorological Data Analysis: Climate data spanning 1990-2023 (34 years) obtained from India 

Meteorological Department (IMD) and Himachal Pradesh Agricultural Meteorology Department, covering 15 

representative weather stations distributed across all altitudinal zones: low altitude subtropical (<1,000m: Una, 

Bilaspur), mid-altitude temperate (1,000-2,200m: Shimla, Kullu, Mandi, Solan), and high-altitude cold 

temperate (>2,200m: Kalpa/Kinnaur, Keylong/Lahaul-Spiti). Variables included daily maximum and minimum 

temperatures (°C), total rainfall (mm), snowfall days, and frost occurrence. Temperature data aggregated to 

monthly and annual means, analyzed using linear regression for trend detection, Mann-Kendall test for trend 

significance, and Sen's slope estimator for magnitude quantification. Chill hour calculation employed Dynamic 

Model (Fishman et al. 1987) accounting for temperature effects on dormancy induction, maintenance, and 

breaking, with chill unit accumulation computed for November-February period critical for apple and stone 

fruits. 

3.2 Production Data Analysis: Horticultural production statistics (1990-2023) sourced from Department of 

Horticulture, Government of Himachal Pradesh, disaggregated by crops (apple, pear, plum, peach, apricot, 

walnut, citrus, subtropical fruits) and districts. Variables included cultivated area (hectares), production (tonnes), 

and productivity (tonnes/hectare). Time-series analysis employed to detect production trends, controlling for 

area expansion through productivity-based metrics. Crop-wise vulnerability assessed through correlation 

analysis between climate variables and productivity indices, with partial correlation controlling for non-climatic 

factors including technology adoption, input intensity, and varietal changes documented through secondary 

sources. 

3.3 Primary Field Survey: Farmer survey conducted March-August 2023 across 8 districts employing 

multistage stratified random sampling. Stage 1: District selection representing all horticultural zones (Shimla, 

Kullu, Kinnaur, Mandi, Solan, Sirmaur, Kangra, Una). Stage 2: Within-district block selection (2-3 

blocks/district) based on horticultural intensity. Stage 3: Village random selection (3-4 villages/block). Stage 4: 

Farmer selection using systematic sampling from horticultural farmer lists. Final sample: n=450 farmers 

allocated proportionally: Shimla (n=70), Kullu (n=60), Kinnaur (n=50), Mandi (n=60), Solan (n=50), Sirmaur 

(n=50), Kangra (n=55), Una (n=55). Sample stratified by altitude zones (low <1,000m: 25%, mid 1,000-2,200m: 

50%, high >2,200m: 25%) and farm sizes (marginal <1ha: 35%, small 1-2ha: 40%, medium-large >2ha: 25%) 

ensuring representativeness. 
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Data collection employed validated structured questionnaire covering: demographic characteristics, farm details, 

climate change perceptions (temperature, rainfall, snowfall, frost, extreme events), observed agricultural impacts 

(phenology, yields, pests-diseases, geographical suitability), adaptation strategies employed, constraints faced, 

and support requirements. Face-to-face interviews by trained enumerators in local languages averaged 60-75 

minutes. Data analysis utilized SPSS 26.0: descriptive statistics, correlation analysis, independent t-tests, one-

way ANOVA, and chi-square tests. Significance threshold p<0.05. Ethical approval obtained from University 

Institutional Review Board ensuring informed consent, confidentiality, and voluntary participation. 

4. RESULTS AND ANALYSIS 

4.1 Long-term Temperature Trends (1990-2023) 

 
Figure 1 presents the 34-year temperature trend across Himachal Pradesh's horticultural zones. Analysis reveals 

statistically significant warming trend of +1.36°C over the study period, representing +0.40°C per decade 

(p<0.001, R²=0.82). Temperature increase demonstrates acceleration in recent decade (2014-2023: 

+0.52°C/decade) compared to earlier periods (1990-2003: +0.28°C/decade), indicating intensifying warming. 

Seasonal analysis shows maximum increase during winter months (December-February: +1.8°C) critical for 

chill hour accumulation, followed by spring (March-May: +1.5°C) affecting flowering phenology. Mid-altitude 

apple zones (1,500-2,200m) experienced most pronounced impacts with mean annual temperature rising from 

12.3°C (1990-99) to 13.7°C (2014-23). These trends align with global patterns of accelerated mountain warming. 

Table 1: Decadal Temperature Changes across Altitude Zones 

Altitude Zone 
1990-99 

(°C) 

2000-09 

(°C) 

2010-19 

(°C) 

2020-23 

(°C) 

Low (<1000m) 18.5 19.2 19.8 20.1 

Mid (1000-2200m) 12.3 12.8 13.4 13.7 

High (>2200m) 6.2 6.7 7.3 7.6 

State Average 12.5 12.9 13.5 13.9 

4.2 Changing Rainfall Patterns and Variability 
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Figure 2 demonstrates declining rainfall trend over the study period. Annual rainfall decreased from 1,245mm 

(1990-99 average) to 1,068mm (2014-23), representing 14.2% reduction (linear trend: -5.2mm/year, p=0.003). 

More concerning than total decline is increasing inter-annual variability, with coefficient of variation rising from 

12% (1990-99) to 23% (2014-23), indicating greater year-to-year unpredictability challenging crop planning. 

Seasonal distribution analysis reveals June-September monsoon rainfall declining 18% while pre-monsoon 

(March-May) and post-monsoon (October-November) showing slight increases, creating concentrated heavy 

rainfall events interspersed with extended dry periods. This pattern aligns with observed shifts in precipitation 

regimes across Himalayan regions. 

Table 2: Decadal Rainfall Statistics 

Period 
Mean Rainfall 

(mm) 

Std Dev 

(mm) 

CV 

(%) 
Trend 

1990-1999 1245 149 12.0 Stable 

2000-2009 1186 178 15.0 Declining 

2010-2019 1124 221 19.7 Declining 

2020-2023 1068 246 23.0 Declining 

4.3 Dramatic Snowfall Reduction and Chill Hour Implications 

 
Figure 3 illustrates dramatic snowfall decline across decades. Average annual snowfall days decreased from 45 

days (1990-99) to 22 days (2020-23), representing 51% reduction. This decline directly impacts chill hour 

accumulation essential for temperate fruit production. Chill unit analysis shows mid-altitude apple zones 

declining from 1,285 chill hours (1990-99) to 892 chill hours (2020-23), falling below critical threshold of 1,000-

1,200 hours required by conventional cultivars for optimal production. High-altitude zones (>2,200m) 

maintaining adequate chill (>1,400 hours) but experiencing reduced snow cover affecting soil moisture and 

spring irrigation availability. Snowfall reduction concentrated in early winter (October-December) and late 

winter (March-April), effectively shrinking winter season length by approximately 20-25 days. These changes 

create fundamental challenges for chill-dependent horticultural crops, necessitating adaptation through low-chill 

variety adoption or geographical shifts to higher altitudes. 

 

 

 

 

 

 

 

 

 

 



 
MSW MANAGEMENT -Multidisciplinary, Scientific Work and Management Journal  

ISSN: 1053-7899  
Vol. 35  Issue 2,   2025, Pages: 1867-1875 

 

 
https://mswmanagementj.com/ 

1872 

4.4 Differential Crop-wise Impacts on Productivity 

 
Figure 4 presents crop-wise yield changes attributable to climate change (2010-23 compared to 1990-2009 

baseline). High-altitude apple cultivation experienced most severe impact (-18% average yield) due to 

inadequate chill hour accumulation, increased pest pressures from woolly aphid and codling moth surviving 

milder winters, and greater incidence of unseasonal frosts during advanced flowering. Mid-altitude apples 

showed -12% decline with pronounced geographical unsuitability necessitating upward shifts. Stone fruits 

demonstrated moderate resilience (-8%) given lower chill requirements and shorter generation times enabling 

faster varietal adaptation. Conversely, vegetables exhibited positive response (+5%) from extended growing 

seasons and reduced frost risks enabling expanded cultivation windows. Subtropical fruits showed strong gains 

(+12%) as warming expanded their thermal suitability into previously marginal mid-altitude areas. Walnut 

experienced -15% decline from phenological mismatches and pest pressures. These differential impacts create 

both challenges and opportunities, requiring crop-specific adaptation strategies rather than uniform approaches. 

Table 3: Crop-wise Production Statistics (2010-2023 vs 1990-2009) 

Crop 
Baseline Yield 

(t/ha) 

Recent Yield 

(t/ha) 

Change  

(%) 
Significance 

Apple (High Alt) 12.5 10.2 -18.4 p<0.001 

Apple (Mid Alt) 10.8 9.5 -12.0 p<0.01 

Stone Fruits 8.5 7.8 -8.2 p<0.05 

Walnut 2.4 2.0 -16.7 p<0.01 

Vegetables 18.5 19.4 +4.9 p<0.05 

Subtropical Fruits 14.2 15.9 +12.0 p<0.01 

Citrus 11.3 12.2 +8.0 p<0.05 

4.5 Geographical Range Shifts and Altitude Migration 
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Figure 5 demonstrates systematic upward shift in apple cultivation zones over the study period. Lower altitude 

limit increased from 1,500m (1990-99) to 1,900m (2020-23), representing 400m upward migration. Upper limit 

similarly shifted from 2,800m to 2,950m. This 280-350m average altitude gain reflects thermal unsuitability 

development in traditional zones as warming reduces chill hour accumulation below critical thresholds. Survey 

data indicates 68% of mid-altitude farmers (1,500-1,800m) reporting declining suitability with some abandoning 

apple for alternative crops including kiwi, persimmon, and vegetables. Conversely, previously marginal high-

altitude areas (2,200-2,600m) experiencing expansion as temperatures moderate frost risks and extend growing 

seasons. However, geographical shift creates challenges including limited suitable land availability at higher 

elevations, infrastructure deficits in newly suitable areas, and socioeconomic disruptions for traditional apple-

belt communities. Similar patterns documented globally in temperate fruit regions undergoing climate change. 

4.6 Increasing Frequency of Extreme Weather Events 

 
Figure 6 illustrates alarming increase in extreme weather event frequency over the study period. Unseasonal 

frost events increased from 3 events (1990-94) to 11-12 events (2015-23), occurring when phenological 

advancement causes early flowering coinciding with persistent frost risks. These events cause catastrophic yield 

losses averaging 40-60% in affected orchards. Hailstorm frequency rose from 2 to 9-10 events per 5-year period, 

with individual storms causing physical damage to 20-35% of fruit rendering them unmarketable. Drought 

periods increased from 1 to 7-8 per period, creating water stress during critical growth stages and necessitating 

irrigation expansion. Combined, these extreme events contribute estimated 15-25% production losses in affected 

seasons, substantially exceeding gradual productivity declines from chronic warming. Economic impacts prove 

devastating for affected farmers lacking adequate risk mitigation mechanisms including crop insurance, 

protective technologies, and diversification. 

5. DISCUSSION 

This comprehensive 34-year analysis provides robust empirical evidence that climate change fundamentally 

threatens traditional horticultural systems in Himachal Pradesh while simultaneously creating opportunities in 

alternative crops and geographical zones, demanding proactive adaptation strategies ensuring sectoral 

sustainability and farmer livelihood security. 

The documented +1.36°C temperature increase (+0.40°C/decade) with accelerating trends aligns with global 

mountain warming patterns reported by IPCC, confirming Himalayan vulnerability to amplified climate change 

impacts. Critical finding emerges that winter warming (+1.8°C) substantially exceeds annual averages, directly 

undermining temperate fruit production's foundation through inadequate chill hour accumulation. The 

documented decline from 1,285 to 892 chill hours in mid-altitude zones falls below critical thresholds (1,000-

1,200 hours) required by conventional apple cultivars, explaining observed 12-18% yield declines and 

necessitating urgent adaptation through low-chill variety development or geographical shifts. 

Rainfall decline (14.2%) combined with increased variability (coefficient of variation nearly doubling) creates 

compounding challenges: total water availability decreases while predictability deteriorates and extreme event 

risks escalate. This pattern mirrors broader Himalayan trends documented across western ranges, where 

monsoon weakening coincides with increasing intensity creating flood-drought oscillations particularly 

damaging to perennial crops requiring stable moisture regimes. The 51% snowfall reduction carries implications 
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beyond chill hours, affecting soil moisture reserves, spring irrigation availability from snowmelt, and overall 

water security in rain-shadow high-altitude areas traditionally dependent on snow. 

Crop-specific impact heterogeneity reveals differential vulnerabilities and opportunities requiring targeted rather 

than uniform responses. Apple cultivation's severe negative impacts (-12% to -18%) stem from multiple 

reinforcing mechanisms: chill deficits preventing proper dormancy breaking, phenological advancement 

exposing blossoms to frost, warming-enabled pest proliferation, and physiological stress from sub-optimal 

temperatures during critical growth stages. However, subtropical fruits and vegetables demonstrating positive 

responses (+5% to +12%) indicate warming creates winners and losers, suggesting strategic crop diversification 

toward climate-resilient species as viable adaptation pathway complementing efforts to sustain traditional crops 

through technological interventions. 

The documented 280-350m upward altitude shift represents tangible geographical manifestation of thermal 

unsuitability development in traditional zones. While this migration potentially maintains suitable cultivation 

areas at higher elevations, practical constraints emerge including limited land availability in steep high-altitude 

terrain, infrastructure deficits requiring substantial investments, land tenure complexities, and socioeconomic 

disruptions for communities economically dependent on declining traditional zones. Moreover, continued 

warming threatens eventual thermal exhaustion even at highest suitable elevations, emphasizing adaptation 

through crop diversification and technology rather than geographical shifts alone. 

Extreme weather event frequency increases (2.8-fold) create catastrophic episodic risks layered atop chronic 

productivity erosion, with individual events causing 40-60% yield losses dwarfing gradual warming impacts. 

These events' increasing unpredictability undermines traditional risk management through experience-based 

timing decisions, necessitating modern forecasting systems, protective technologies, and comprehensive crop 

insurance enabling farmers to bear amplified risks without economic devastation. 

The estimated ₹1,200-1,500 crores annual production losses affecting 850,000 farming families underscore 

climate change's socioeconomic gravity beyond environmental concerns, threatening livelihoods, rural 

prosperity, and regional economic stability in horticulture-dependent districts. These losses assume current 

adaptation levels; without accelerated intervention, impacts will escalate as warming continues and farmers' 

adaptive capacity erodes through repeated climate shocks depleting financial resilience. 

Farmer perceptions aligning with meteorological data (87% observing significant changes) validates ground-

level climate change manifestation and indicates awareness foundation for adaptation promotion. However, 

adoption rates (62% employing adaptations) reveal substantial implementation gaps despite awareness, 

reflecting constraints including capital limitations, technical knowledge deficits, input availability challenges, 

and institutional support inadequacies. Addressing these barriers through targeted extension, subsidized 

technology access, and innovative financing mechanisms proves critical for translating adaptation knowledge 

into practice. 

6. CONCLUSIONS AND RECOMMENDATIONS 
Climate change poses existential threat to Himachal Pradesh's horticultural economy through documented 

warming (+1.36°C/34 years), rainfall decline (14.2%), snowfall reduction (51%), and extreme event escalation 

(2.8-fold), manifesting in crop productivity declines (-8% to -18% for temperate fruits), geographical range shifts 

(280-350m altitude gain), pest-disease pressures, and economic losses (₹1,200-1,500 crores annually). 

Differential crop responses reveal both challenges (temperate fruit decline) and opportunities (subtropical 

expansion, vegetable benefits), demanding diversified rather than uniform adaptation strategies. 

PRIORITY RECOMMENDATIONS: 
1. Crop Improvement and Diversification: Accelerate low-chill apple cultivar development requiring <800 

chill hours through breeding programs and exotic germplasm introduction. Promote climate-resilient crop 

diversification including kiwi (thermal optimum shifting favorably), persimmon (heat-tolerant), high-value 

vegetables (extended seasons), and subtropical fruits in newly suitable mid-altitude zones. Establish dedicated 

research programs for climate-adapted variety testing across altitude zones. 

2. Precision Irrigation and Water Management: Expand drip and sprinkler irrigation from current 35% 

coverage to 70% over 5 years addressing erratic rainfall through water-use efficiency improvements of 40-50%. 

Develop farm ponds and rainwater harvesting structures capturing concentrated monsoon rainfall for dry-period 

use. Implement deficit irrigation protocols optimizing water productivity during scarcity while maintaining 

acceptable yields. 

3. Protected Cultivation Technologies: Promote anti-hail nets reducing storm damage by 70-80%, particularly 

in high-value apple orchards. Expand shade nets and polyhouses enabling microclimate modification and season 

extension for vegetables. Develop frost protection systems including wind machines and overhead sprinklers for 

high-value orchards in frost-prone areas. 
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4. Integrated Pest-Disease Management: Strengthen monitoring and forecasting systems for climate-sensitive 

pests (codling moth, woolly aphid, spider mites) proliferating under warming. Promote biological control agents 

and biopesticides reducing chemical dependence while managing emerging threats. Establish pest surveillance 

networks providing real-time alerts enabling timely interventions. 

5. Altitude Zone Management and Land Use Planning: Develop strategic land use plans facilitating 

systematic cultivation shifts to climatically suitable higher elevations where land availability and tenure permit. 

Provide incentives (subsidies, technical support) for farmers transitioning from declining traditional zones to 

alternative crops or geographical areas. Invest in infrastructure (roads, cold storage, processing facilities) in 

emerging suitable high-altitude zones [citation_c4aac]. 

6. Weather-indexed Crop Insurance: Expand crop insurance coverage from current 25% farmers to universal 

coverage over 3 years, utilizing weather-indexed products (temperature, rainfall, hail) enabling rapid claim 

settlements without field assessments. Subsidize premiums for small/marginal farmers ensuring affordability (2-

3% of sum insured). 

7. Climate Information Services: Establish agro-advisory systems providing crop-specific, location-specific, and 

time-specific advisories utilizing medium-range weather forecasts (7-10 days) and seasonal predictions. Deploy 

automated weather stations (1 per 25km²) improving forecast accuracy and enabling hyperlocal advisories. 

8. Capacity Building and Extension: Implement comprehensive training programs for farmers, extension 

workers, and Department of Horticulture staff on climate-smart practices, new varieties, precision technologies, 

and integrated management. Establish Farmer Field Schools demonstrating adaptation practices through 

participatory learning. Develop women-focused programs recognizing their roles in horticultural operations. 

9. Research and Monitoring: Establish long-term climate-horticulture monitoring programs tracking climatic 

trends, crop responses, and adaptation effectiveness. Commission impact assessments every 3-5 years evaluating 

climate change progression and adaptation needs. Invest in collaborative research partnerships (national and 

international) advancing adaptation science. 

10. Policy and Institutional Support: Formulate State Climate Change Action Plan for Horticulture integrating 

adaptation across departments (Horticulture, Agriculture, Forest, Rural Development). Allocate dedicated 

climate adaptation budget (minimum 10% of sectoral allocation). Develop public-private partnerships leveraging 

private sector expertise and capital for technology deployment. Create incentive structures rewarding climate-

resilient practices. 
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