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ABSTRACT

Climate change poses significant challenges
to agricultural systems worldwide, with regional
variations amplifying its impacts. This study
examines the changing patterns of agricultural
production and yield in Meerut Division, Uttar
Pradesh, India, from 2000 to 2025, focusing on
key crops such as wheat, rice, sugarcane, and
pulses. Utilizing geospatial data, climate models,
and production statistics, the analysisreveal s shifts
in cropping patterns due to rising temperatures,
erraticrainfall, and extreme weather events. Data
indicate a 15-20% declinein wheat yiel ds by 2025
under moderate climate scenarios, alongside
adaptations like crop diversification. The
geographical study highlights spatial disparities
across districts, with Baghpat showing resilience
through irrigation, while Meerut faces higher
vulnerability. Recommendations include climate-
resilient farming practices and policy
interventions. This paper contributes to
understanding localized climate-agriculture
dynamicsin northern India.

KEY WORDS
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INTRODUCTION

Agriculture remains the backbone of India’s
economy, employing over 40% of theworkforceand
contributing approximately 18%tothegrossdomestic
product (GDP) (Ministry of Agricultureand Farmers
Welfare, 2023). However, climate change
characterized by increasing temperatures, altered
precipitation patterns, and frequent extreme events
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threatens this sector’s sustainability. In Uttar Pradesh, one of India’s most agriculturally productive states,
thesechangesareparticularly acuteinregionslike Meerut Division, which spansthefertile Gangetic plains.

Meerut Division, located in western Uttar Pradesh, comprisessix digtricts: Meerut, Baghpat, Ghaziabad,
Bulandshahr, Hapur, and Gautam BuddhaNagar. Thisareaisknownfor itsintensivefarming, with cropslike
wheat, rice, sugarcane, and vegetables dominating the landscape. The division’s geography, influenced by the
Ganga YamunaDoab, providesrich dluvid soilsbut also exposesit to climate vulnerabilitiessuch asfloodsand
droughts (Singh & Singh, 2022). Recent studiesproject that by 2030, average temperaturesin Uttar Pradesh
couldriseby 1.5-2°C, leading to a 10-25% reduction in crop yiel dswithout adaptation (IPCC, 2022).

Thisresearch paper investigatesthe changing patterns of agricultural productionandyieldin Meerut
Divisionunder climate change, usingageographica lens. It analyzestempora and spatia trendsfrom 2000to
2025, incorporating dataon climate variables, crop production, and yields. The study draws on secondary
sources, including Government reports, theses, and peer-reviewed papers, to provideacomprehensveandysis.

Literature Review

Extensive research has documented climate change’s effects on agriculture in India. The InterGovernmental
Panel on Climate Change (IPCC) reportsthat South Asiawill experience warmer temperaturesand variable
monsoons, reducing yields of staple cropsby up to 30% by mid-century (IPCC, 2022). In Uttar Pradesh,
studieshighlight increased drought frequency and heat stress, particularly inthewesternregions(Kumar et d.,
2021).

Geographica studies emphasize spatial heterogeneity. For instance, athesisby Sharma (2020) on
agro-climatic zonesin Uttar Pradesh used GI'S mapping to show that the Upper Gangetic Plain, including
Meerut, faceshigher evaporation rates, impacting irrigation-dependent crops. Reportsfrom theIndian Council
of Agricultural Research (ICAR) indicatethat wheat yiel dsin northern Indiadeclined by 5-10% between
2010 and 2020 due to warmer winters (ICAR, 2022).

On production patterns, research shows shiftstoward drought-res stant varieties. A study by Singh et
al. (2023) anayzed datafrom 2000-2022, revealing a12% increasein sugarcane productioninirrigated
areaslike Baghpat, contrasted with riceyield dropsin rainfed zones. Thesislikethose from Chaudhary
Charan SinghUniversity (eg., Gupta, 2021) providedigtrict-level insghts, noting that urbani zationin Ghaziabad
reducesarableland, exacerbating climatevulnerabilities.

Climatemodding studiesproject future scenarios. Using CMIP6 moddl s, Pathak et a. (2022) forecast
a15-20% yield declinefor wheat in Uttar Pradesh by 2025 under RCP4.5 scenarios. FAO reports (2023)
stress adaptation through crop diversification and precision farming. However, gapsremainin integrating
geographical datawithyield projectionsfor divisionslike Meerut, which thisstudy addresses.

Objectives
1. To ng climate changeimpacts on mgor crops.
2. Tomappinggeographica variaions.
3. Toproposing adaptive strategies.

Thesignificanceof thisstudy liesinitsfocusonamicro-region, offering insightsfor localized policy-
making. Asgloba temperaturesrise, understanding such patternsiscrucid for food security indensdy popul ated
areaslike Uttar Pradesh, hometo over 200 million people (Censusof India, 2011).

M ethodology

Thisstudy employsamixed-methods gpproach, combi ning quantitative dataana ys swith geographica

mapping. Datasourcesinclude:

» ClimateData: Temperature, rainfall, and extreme event records from the Indian M eteorol ogical
Department (IMD) for 2000-2023, with projectionsto 2025 based on IPCC AR6 model s (extrapol ated
using linear regression from historica trends).
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» Agricultural Data: Crop production and yield statistics from the Directorate of Economics and
Statistics, Ministry of Agriculture (up to 2023), and Uttar Pradesh Agricultural Statistics (2022).
Projectionsfor 2024-2025 are derived from trend analysisin recent theses (e.g., Singh, 2023).

» AnalysisTechniques. Time-seriesanaysisto detect production trends; correlation analysisbetween
climatevariables(e.g., temperatureanomalies) and yields; and spatid interpolation for geographical
vaidions
Datawere collected for major crops. whedt, rice, sugarcane, and pul ses. Tables present aggregated

data, with visudizationsindicated for maps. Limitationsinclude reliance on secondary dataand assumptionsin
projections; actua 2025 datamay vary based on unforeseen events.

Sudy Area: Geographical Context of Meerut Division

Meerut Division lies between 28°18°N to 29°18’N latitude and 77°07°E to 78°07’E longitude, covering
approximately 14,000 km?. It ispart of the Indo-Gangetic Plain, withfertiledluvia soilsfromthe Gangaand
Yamunarivers. Theclimateis subtropical, with average annua rainfal of 800-1000 mm, mostly during the
monsoon (June-September). However, climate change hasled to a10% rainfall declinesince 2000 (IMD,
2023).

Didrict-wise, Meerut and Bulandshahr areagriculturaly dominant, with over 70%Iand under cultivation.
Baghpat benefitsfrom cand irrigation, while Ghazi abad and Gautam BuddhaNagar face urban encroachment,
reducing farmland by 15% from 2010-2020 (Uttar Pradesh Land Use Statistics, 2022). Elevation ranges
from 200-250 meters, influencing flood risksinlow-lying aress.

Map 1: Geographical Map of Meerut Division

LOCATION MAP OF MEERUT DIVISION N
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Thisgeographica sstup makesthedivisonvulnerableto dimate-induced shifts, such asdd ayed monsoons
affecting kharif crops.

Changing Patterns of Agricultural Production

Agricultural productionin Meerut Division hasevolved significantly from 2000 to 2025, driven by
climate change and socio-economicfactors. Tota cropped arearemained stableat around 1.2 million hectares,
but crop composition shifted toward resilient varieties.
1. Temporal Trendsin Production

From 2000-2010, production was robust, with wheat output averaging 2.5 million tonnesannually.
However, post-2010, rising temperatures (averageincrease of 0.8°C) and erratic rainfall reduced outputs.
By 2023, wheat production dropped to 2.1 million tonnes, a16% decline (Ministry of Agriculture, 2023).
Projectionsfor 2025 estimatefurther reductionsto 1.9 million tonnesunder continued warming.

Rice production showed vol atility, peaking at 1.8 million tonnesin 2015 but falling to 1.4 million by
2023 dueto drought years(e.g., 2019). Sugarcane, acash crop, increased by 10% from 2010-2020, reaching
8 million tonnes, thanksto irrigation expansions. Pulses, however, declined by 20% amid heet stress.

Tablel: Agricultura Production Trendsin Meerut Division (2000-2025, in million tonnes)

Year Wheat | Rice | Sugarcane | Pulses | Total
2000-2005 (Avg) 2.4 1.6 7.2 0.5 11.7
2006-2010 (Avg) 2.5 1.7 7.5 0.5 12.2
2011-2015 (Avg) 2.3 1.8 7.8 0.4 12.3
2016-2020 (Avg) 2.2 15 8.0 0.4 12.1
2021-2023 (Avg) 2.1 14 8.2 0.4 12.1
2024-2025 (Proj.) 1.9 13 8.4 0.3 11.9

[Sources: Ministry of Agriculture (2023); Projections based on Pathak et al. (2022)]
2. Spatial Variationsin Production
Geographicaly, production patternsvary. Baghpat and Bulandshahr maintain higher sugarcane outputs
dueto better irrigation (e.g., Upper GangaCanal). Meerut district showsdiversified production, withashift to

vegetablesamid urban demand. Ghaziabad, however, experienced a25% production drop from 2015-2023
duetoland conversion.

Map 2: Agricultural Production Trendsin Meerut Division (2000-2025, in million tonnes)

Agricultural Production Trends in Meerut Division (2000-
2025, in million tonnes
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These patternsreflect climate-geography interactions, with northern districtsmoreresilient.
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Changing Patterns of Agricultural Yield

Yields, measuredintonnesper hectare, havebeen moresengtiveto climate changethantotd production,
asfarmersadapt by expanding aress.
1. Temporal TrendsinYied

Wheat yields averaged 3.5 t/hain 2000-2010 but fell to 3.0 t/haby 2023, attributed to heat waves
shortening the grain-filling period (Kumar et a., 2021). Rice yields declined from 2.8 t/hato 2.4 t/ha,
exacerbated by water scarcity. Sugarcaneyieldsremained stable at 70 t/ha, benefiting from flood-tolerant
varieties. Pulsesyid dsdropped sharply from 1.2 t/hato 0.9 t/hadueto pest increases under warmer condiitions.

Projectionsto 2025 suggest wheat yields at 2.8 t/ha, a20% declinefrom 2000 basdlines (IPCC, 2022).

Table2: CropYield Trendsin Meerut Division (2000-2025, in tonnes'ha)

Year Wheat | Rice | Sugarcane | Pulses
2000-2005 (Avg) 34 2.7 68 11
2006-2010 (Avg) 35 2.8 70 1.2
2011-2015 (Avg) 3.3 2.6 72 1.0
2016-2020 (Avg) 3.1 25 71 0.9
2021-2023 (Avg) 3.0 24 70 0.9
2024-2025 (Proj.) 2.8 2.3 72 0.8

[Sources: ICAR (2022); Projections from Singh et al. (2023)]
2. Spatial VariationsinYidd
Yieldsvary geographically. Baghpat recordshighest whest yields (3.2 t/hain 2023) dueto groundwater
access, while Gautam BuddhaNagar seeslower riceyidds (2.1 t/ha) from urbani zati on-induced soil degradation.
Bulandshahr showssugarcaneyield stability.
Map 3: CropYield Trendsin Meerut Division (2000-2025, in tonnes'ha)

Crop Yield Trends in Meerut Division (2000-2025, in
tonnes/ha)
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Climatefactorslikea15% rainfal variability amplify thesedisparities(IMD, 2023).

Climate Change I mpacts and Adaptations

Climate change manifeststhrough higher temperatures (projected +1.2°C by 2025), reduced monsoon
reliability, and increased floods/droughts. In Meerut, heat stressreduceswhesat photosynthesis, whilefloods
in 2022 damaged 20% of ricefields (FA O, 2023).
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Adaptationsincludeshifting to short-duration varietiesand dripirrigation, increasing yie dsby 10-15%
inpilot areas (Gupta, 2021). Geographically, southern districtsadopt more agroforestry.
Table3: Climate Variablesand Impacts (2000-2025)

Period Avg. Temp | Avg. Rainfall | Extreme Events Yied
(°C) (mm) (No./Year) I mpact (%)
2000-2010 255 950 2 -05
2011-2020 26.0 880 4 -12
2021-2025 (Prgj.) 26.7 820 5 -18

[Sources: IMD (2023); Impacts from Pathak et al. (2022)]

Discussion

The study’s analysis reveals a marked shift in Meerut Division’s agriculture: cereal yields, such as wheat
andrice, aredeclining by 15-20% projected by 2025 (Pathak et al., 2022), while cash cropslike sugarcane
remain stable, supported by irrigation. Thisreflectsclimate stressorsrising temperatures (+1.2°C by 2025) and
erratic rainfall impacting sensitive growth stages, as heat waves shorten wheat’s grain-filling period (Kumar et al.,
2021). Sugarcane’s resilience stems from flood-tolerant varieties and canal systems, highlighting adaptive potential.

Spatidly, irrigated northern districtslike Baghpat show greater resilience with sustained production,
contrasting with southern urbani zing areas (e.g., Ghazi abad) whereland |oss and soil degradation exacerbate
25%yidd drops (Uttar Pradesh Agricultural Statistics, 2022). These patterns echo broader Indian trendsin
the Indo-Gangetic Plains (IPCC, 2022) but emphasize Meerut’s unique Doab geography, prone to floods
and evaporation (Sharma, 2020).

Policy gapsareevident, includinginsufficient climate-smart infrastructurelikerainwater harvesting,
limiting adaptationssuch asdripirrigation that boost yie dsby 10-15% (Gupta, 2021). Socioeconomicbarriers,
like smallholders’ access to technology, further hinder progress (FAO, 2023).

Limitationsincludereiance on secondary dataand RCP 4.5 projections, which may overl ook extreme
events (IMD, 2023). Future research should incorporate rea -time satel lite datafor precise monitoring and
farmer surveysto assess adaptive capacities, fostering interdisciplinary strategiesfor sustainableagriculturein
vulnerableregions.

CONCLUSION

Climate changeis profoundly reshaping agriculturein Meerut Division, with datafrom 2000-2025
indicating shiftsin production and yield patterns. Cered outputs, particularly wheat and rice, face projected
declinesof 15-20% by 2025 dueto warmer temperatures, variable monsoons, and extremeslikethe 2022
floods (IPCC, 2022; Pathak et ., 2022). In contrast, sugarcane production hasincreased inirrigated zones,
demonstrating geographical resilienceamid stabletotal cropped areas(Singh et ., 2023). Spatia mapping
reveals disparities: Baghpat’s canal-dependent farming buffers impacts, while Ghaziabad’s urbanization amplifies
vulnerabilities(Singh & Singh, 2022).

Thesefindingsunderscore the need for urgent, distri ct-specific adaptationsto ensurefood security for
Uttar Pradesh’s 200 million residents (Census of India, 2011). Recommendations include promoting short-
duration, heat-res stant varieties, expanding dripirrigation, and integrating agroforestry in flood-prone areas
to enhanceyields (Gupta, 2021; FAO, 2023). Policymakers should invest in climate-smart infrastructure,
such asearly-warning systemsand subsidiesfor smallholders, whileleveraging geospatia tool sfor targeted

planning.
Ultimately, thisgeographical study highlightstheinterplay of climateand local factors, caling for

collaborative effortsamong Government, researchers, and communities. By addressing these challenges
proactively, Meerut Division can build areslient agricultural future, mitigating broader risksin northern India
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