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Impact of climate change and global Warming on shifting of agriculture.


ABSTRACT
Climate change has emerged as a critical driver of agricultural transformation, particularly in the redistribution of crop patterns across regions. Rising temperatures, altered rainfall patterns, increased frequency of extreme weather events, and shifting agroecological zones are reshaping the suitability of traditional crops in India. This study highlights the multifaceted impacts of climate change on crop redistribution, examining its consequences for food security, livelihoods, and sustainable agricultural practices. While climate-induced changes pose challenges such as yield instability, pest and disease outbreaks, and water scarcity, they also present opportunities for crop diversification, adoption of climate-resilient varieties, and technological innovations. Adaptation and mitigation strategies—including the use of drought- and heat-resistant seeds, improved irrigation methods, agroforestry, soil management, and precision farming—are emphasized as key pathways to enhance resilience. Policy measures, international cooperation frameworks such as the Paris Agreement, and the integration of localized adaptation strategies are essential to address regional vulnerabilities. The paper also identifies critical research gaps, including limited long-term data on regional crop suitability, the understudied role of pests and diseases, and the lack of integrated models combining climate, economic, and trade impacts. The findings underscore the urgency of proactive policies, farmer awareness, and scientific innovations to ensure sustainable agriculture in the face of climate change. Crop shifting, therefore, is not only a challenge but also an opportunity to reimagine agricultural resilience and achieve food security in a changing climate.
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1. INTRODUCTION
Culture, economics, and ecosystems are being devastated by climate change and global warming, the most important challenges of our time.   Global warming is largely caused by human-induced greenhouse gas emissions and results in higher global temperatures, altered precipitation patterns, and more severe weather events.   Without considerable emissions reduction, the world's average temperature will rise, currently 1.1°C over pre-industrial levels, according to the IPCC.   Climate change is especially harmful to agriculture, which relies on weather (Malhi et al., 2021).
  Over 7.9 billion people depend on agriculture, and almost 2.5 billion do so (Lavudya & Prabhakar, 2024).  Agriculture is vital to global food security.   This sector supports rural economies, national GDPs, and cultural and social institutions.   Weather and crop production are closely related; hence climate change threatens agricultural systems.   Balogh (2020) states that slight changes in weather conditions, such as rainfall, temperature, or CO₂ levels, can significantly affect farming methods, crop patterns, and yields.
  Global warming affects farming in numerous ways.   Rising temperatures can cause crop growth delays, pollination disturbances, and water stress, and precipitation patterns can change.   Higher atmospheric CO₂ levels can have a "CO₂ fertilisation effect" on some crops, but it is often outweighed by decreased nutrient quality, insect activity, and more frequent extreme events (Bhattacharyya et al., 2020).   Since agriculture is the biggest source of greenhouse gas emissions and climate change, it is ironically in a precarious position (Pais et al., 2020).
  This review examines the effects of climate change and global warming on agriculture, focussing on crop cultivation zone relocation globally and in India due to their importance.   The main objectives are to (1) explain how climate change is already affecting agricultural systems and productivity, (2) assess crop changes due to climate change, and (3) discuss ways to adapt and mitigate climate change to eat while reducing our environmental impact.   This review combines regional and global perspectives to contribute to climate-resilient agriculture knowledge and policy.
2. GENERAL IMPACTS OF GLOBAL WARMING ON AGRICULTURE
Climate change has numerous complex effects on agriculture, including temperature rises, changing precipitation patterns, soil deterioration, insect and disease outbreaks, livestock stress, and economic disruptions.
  Harvest yields are one of the most obvious effects of warming temperatures.   Research shows that tropical and subtropical regions could lose 6% wheat, 3% rice, and 7% maize yields for every 1°C increase in average temperature (Karimi et al., 2021).   Heat stress shortens crop growth cycles, reducing biomass and grain filling.   High evening temperatures increase respiration and inhibit pollination, lowering yields.   In South Asia's Indo-Gangetic wheat area, rising temperatures before harvest will reduce yield by the middle of the century (Saini & Bhatt, 2020).
  Apart from temperature, precipitation unpredictability affects agricultural productivity.   Warming has changed South Asian monsoon patterns, increased Sub-Saharan African droughts, and increased Southeast Asian floods.   Erratic rainfall patterns cause soil erosion and nutrient leaching, reducing irrigation water.   Unpredictability hurts rain-fed agriculture, which provides 60% of the world's food.   The situation is severe enough that Sahel and other farmers have had to adapt to more hardy crop kinds due to droughts (Liaqat et al., 2022).
  Desertification and soil degradation are also major issues.   Climate change has accelerated soil infertility due to overexploitation of marginal areas, increasing sea levels, and prolonged droughts.   In many parts of semi-arid and dry India, soil organic carbon is depleting, affecting crop productivity.   These trends threaten food security and agriculture's long-term sustainability without soil protection (Prajapati et al., 2024).
  Climate change also threatens pests and illnesses.   Temperature and humidity changes allow insect vectors to enter inappropriate environments and promote pest growth.   Recently, climate change-induced rainfall and temperature fluctuations have been linked to locust swarms in South Asia and East Africa (Bhadouria et al., 2019).   Warmer and wetter conditions may exacerbate plant illnesses like rusts and blights, threatening global cereal production (Shrestha, 2019; Skendžić et al., 2021).   These diseases reduce crop output and pesticide consumption, forcing farmers to utilise more dangerous tactics that threaten persons and the environment.
  Climate change also impacts livestock production.   Increased temperatures cause heat stress, which reduces animal growth, milk production, and reproduction.   Tropical countries experiencing prolonged heat waves have reduced dairy production (Saleem et al., 2024).   In addition to erratic rains and deteriorating grazing lands, pastoralist groups face fodder scarcity.   Vectors spread diseases like bluetongue and Rift Valley fever, making climate change a threat to humans and cattle (Saini & Bhatt, 2020).
  Finally, climate change has major financial impacts on agriculture.   Crop suitability and yield uncertainty threaten food supply networks, national economies, and farmer incomes.   Due to climate-related agricultural production declines, millions of people in developing nations who rely on farming could slip into poverty (Raihan, 2023).   Global agricultural trade is predicted to be disrupted when climate-friendly regions become exporters and yield-declining regions become import-dependent.   Economic transformations can exacerbate geopolitical challenges like resource distribution and food availability.
3. SHIFTING OF AGRICULTURAL CROPS DUE TO CLIMATE CHANGE
Climate change affects crop yield and distribution worldwide.   Farmers are adapting to climate change by changing growing schedules or choosing new crops.  Other effects include altered precipitation, more frequent droughts and floods, and new pest and disease patterns.   This technique, also known as crop shifting or crop swapping, is becoming increasingly widely recognised as a problem and an opportunity to adapt to changing weather patterns and assure food security.   Some regions are becoming unsuitable for farming, while others are developing new agricultural zones, transforming agriculture worldwide (Rising & Devineni, 2020).
3.1 Global Shifts in Crop Geography 
Farmers worldwide are adjusting crop rotations due to climate change.   Crop flipping, where farmers switch climate-vulnerable crops for more hardy ones or even alternative crops, is common.   Crop switching may reduce agricultural losses in high-emission scenarios by roughly half, according to US climate change estimates.   These changes make farming profitable and climate-resistant (Fróna et al., 2021).
  Brazil shows how climate change shifts crops.   Brazil is a global leader in soybean, maize, and sugarcane production, hence climate affects its agriculture.   Rising temperatures and changing rainfall patterns are reducing maize and soybean productivity in the South (Mohanty, 2021).   Farmers now focus on the northern Cerrado and Amazon margins.   Despite maintaining Brazil's agricultural production, this transformation has caused biodiversity loss and deforestation.   Due to Brazil's dominance in grain and biofuel markets, Zilli et al. (2020) remark that these spatial developments in Brazil's agriculture industry are affecting regional economies and international trade patterns.
  US crop growing is moving north.   The temperature change away from the hotter central and southern plains is making northern regions like North Dakota and Minnesota more popular for cultivating wheat and maize (Porfirio et al., 2018).   The wine business is also vulnerable to rising temperatures.   Due to high heat and fewer chilling hours, Napa Valley vineyards are losing yield and quality.   Thus, winemaking is progressively creeping north into Oregon and Washington, which have never had great grape growing conditions.   California's wine business is culturally and economically significant, thus this transition has far-reaching effects (Hultgren et al., 2025).
Increased heat and less rainfall are lowering grape quality and productivity in southern wine regions like France, Italy, and Spain (Alam & Rukhsana, 2023).   However, new vineyards are appearing in northern Europe, including the UK, Denmark, and Germany.   Climate change is transforming the UK from a poor viticulture environment to a sparkling wine powerhouse.   This shift shows how climate change creates opportunity in one region but economic problems in another.
  Agricultural migration patterns are similar in Southeast Asia, Australia, and Sub-Saharan Africa.   Heat-sensitive crops like coffee are shifting to higher elevations, while cereal grains like maize are altering places to maintain yields (Mehta, 2024).   Each of these examples shows how climate change is altering food production and upending the agricultural economy.

3.1.1 INTERNATIONAL CROP SHIFTS
Global studies demonstrate that staple crops and high-value commodities are moving away from traditional producing zones to better conditions.  The US is moving wheat production north from Texas and Kansas to North Dakota, while Canada is improving its large-scale wheat output (Rising & Devineni, 2020).  Maize agriculture has moved to the northern Cerrado as southern Brazil experiences higher temperatures and less rainfall (Zilli et al., 2020).  In Brazil's soybean production, northern acreage may climb 20% by 2050.  The UK's vineyards, formerly small, now cover over 3,500 hectares and are anticipated to grow due to climate change.  To maintain yields, Colombian coffee fields have relocated up 200-500 meters in the previous 30 years (Bhattacharyya et al., 2020).
Table 1. International Examples of Crop Shifts under Climate Change [Source : (Balogh, 2020)]
	Crop
	Earlier Major Regions
	New / Emerging Regions
	Key Drivers of Shift

	Wheat
	U.S. Central Plains (Kansas, Texas)
	Northern U.S. states (North Dakota, Minnesota), Canadian Prairies
	Heat stress, declining rainfall

	Maize
	Southern Brazil
	Northern Brazil (Cerrado, fringes of Amazon)
	Temperature rise, rainfall changes

	Soybean
	Southern Brazil (Paraná, Rio Grande do Sul)
	Northern Cerrado, Mato Grosso
	Warming climate, land expansion

	Grapes
	Southern Europe (Spain, Italy, S. France)
	UK, Germany, Northern France, Denmark
	Increased temperatures, longer growing season

	Coffee
	Low to mid-altitude Colombia, Ethiopia, Brazil
	Higher-altitude zones in Andes, East Africa
	Temperature rise, pest expansion (coffee rust)



3.2 CROP REDISTRIBUTION IN INDIA 
India, where half the population works in agriculture, would be disproportionately affected by climate change-induced crop production changes.   India's diversified agro-climatic zones and dependency on monsoon rains make climate change disproportionately affect its agricultural economy.   Recent decades have seen significant crop cultivation zones move, affecting Indian agriculture (Malhi et al., 2021).
  Reduced rainfall reliability, saline intrusion from rising sea levels, and rising temperatures are straining rice growing regions, which feed 60% of India (Muluneh, 2021).  This includes eastern coastal states including West Bengal, Odisha, Andhra Pradesh, and Tamil Nadu.   Farmers are slowly moving their rice growing to central and northern locations like Chhattisgarh, Madhya Pradesh, and parts of Uttar Pradesh due to better water security (Zhang et al., 2023).   Thus, "rice bowls" are no longer the main agricultural power in the country, affecting food security patterns.
  Wheat-growing Punjab, Haryana, and western Uttar Pradesh are leaving the Indo-Gangetic plains.  Indian rabi (winter) agriculture relies on this wheat.   The former Green Revolution states are experiencing increasing heat stress, terminal heat waves, and groundwater depletion.   Wheat is being moved to chillier regions like Jammu & Kashmir, Uttarakhand, and Himachal Pradesh (Farooq et al., 2019).   If this trend continues, Vijai et al. (2023) say it may compel distribution and procurement modifications and undermine India's wheat self-sufficiency.
  Agriculture is also affected by climate change in southern Indian coffee plantations.   Kodagu and Chikmagalur in Tamil Nadu, Kerala, and Karnataka were once the top coffee growing regions (Habib-ur-Rahman et al., 2022).   Due to rising temperatures and erratic rainfall, lower-altitude Western Ghats plantations are failing, forcing farmers to move up.   This adjustment maintains productivity but increases forest encroachment and human-wildlife conflict.
  Apple farming in India illustrates agricultural translocation.   Apple output in Himachal Pradesh's lower valleys has been declining due to a lack of cold storage.   This has increased apple tree planting in Himachal Pradesh's higher elevations, reaching Jammu and Kashmir.   This move benefits Kinnaur, Lahaul-Spiti, and certain J&K producers but hurts lower-elevation conventional apple growers (Zeng et al., 2022).   Case study shows how climate change may affect different agricultural sectors positively and negatively (Yadav et al., 2021).
  Pulses and millets are again crucial in drought-prone areas.   The crop's adaptability to shifting weather and official measures to promote "nutri-cereals." have revived millet farming in Telangana, Maharashtra, and Rajasthan (Qian et al., 2019).   Pulses like chickpeas and pigeon peas are grown in semi-arid locations because they can withstand variable rainfall and fix nitrogen.   This trend shows a nutritional plan to diversify India's food basket and a climate change response.
  India's agricultural environment is changing drastically.   As wheat and rice lose foothold, pulses, millets, and high-altitude horticulture are gaining ground.   These changes show that climate change makes safeguarding ecological balance and food security difficult.

  Changing crop rotations in India and around the world demonstrate how climate change affects farming.   Relocating crops helps crops adapt to weather and preserve yields, but it also has social, ecological, and economic effects.   For countries like India, where farming is a source of sustenance and food security, these shifts must be understood and planned for.   According to statistics from Brazil, the US, Europe, and India, climate change is constantly changing crop geography (Lavudya & Prabhakar, 2024).
3.3.1 INDIAN CROP SHIFTS
Environmental and socioeconomic forces are rapidly changing India's agricultural terrain, making it a compelling example.   Empirical studies show changing staple cereals, plantation crops, and horticultural commodities.  Irrigation and rainfall changes are helping rice cultivation grow in Chhattisgarh and Madhya Pradesh but hurting it in water-stressed coastal areas.  Terminal heat stress is driving wheat producers from the Indo-Gangetic plains to Himachal Pradesh, Uttarakhand, and J&K, where yields are rising.  Apple orchards in Himachal Pradesh have moved from Shimla and Solan to Kinnaur and Lahaul-Spiti.  Apple orchards have grown in Jammu & Kashmir (Gahlawat & Lakra, 2020).  Lower Karnataka coffee fields are being moved to the Western Ghats.  Due to government promotion during the International Year of Millets (2023), drought-resilient millets and pulses are back in the spotlight in Rajasthan, Telangana, and Maharashtra.
Table 2. Examples of Crop Shifts in India [source: (Zilli et al. 2020)]
	Crop
	Earlier Major Regions
	New / Emerging Regions
	Key Drivers of Shift

	Rice
	Coastal eastern states (Odisha, Tamil Nadu, AP, WB)
	Chhattisgarh, Madhya Pradesh, central UP
	Declining monsoon reliability, salinity intrusion, irrigation expansion

	Wheat
	Punjab, Haryana, Western UP
	Himachal Pradesh, Uttarakhand, Jammu & Kashmir
	Heat stress, groundwater depletion

	Apple
	Lower Himachal valleys (Shimla, Solan)
	Higher Himachal (Kinnaur, Lahaul-Spiti), Jammu & Kashmir
	Decline in chilling hours, warming winters

	Coffee
	Karnataka (Kodagu, Chikmagalur at lower altitudes)
	Higher elevations of Western Ghats
	Heat stress, erratic rainfall

	Millets
	Marginal cultivation in semi-arid zones
	Expanded in Rajasthan, Telangana, Maharashtra
	Drought tolerance, policy support, changing diets



4.3 EVIDENCE FROM CLIMATE PROJECTIONS (RCP SCENARIOS)
Representative Concentration Pathways projections support recent developments. According to AgMIP simulations by Ruane et al. (2018), temperate zones will have better crop suitability under RCP 4.5 (moderate emissions).  According to the same study, climate change would reduce yields and relocate crops in tropical and subtropical regions.
  Under RCP 8.5 (high emissions, "business as usual"), changes are greater.  By 2050, wheat viability in the Indo-Gangetic plains could plummet 20-30%, forcing a huge exodus to the Himalayan foothills.  While central India expands its agricultural land, coastal India may experience saltwater intrusion, which might cut yields by 15%.  South American soybeans and maize will move north into forests.  Coffee-growing areas, notably in low-lying Africa and Latin America, may have fallen by half by 2050.  The IPCC and AgMIP evaluations reveal that Northern Europe, Canada, and Russia are getting more suitable, while Southern Asia and Sub-Saharan Africa are becoming less suitable.   Our findings indicate that crop geography is climate-dependent and changing.

5. ADAPTATION AND MITIGATION STRATEGIES
Adaptation and mitigation are the keys to protecting global agriculture from climate change.   Diversification is a common way to reduce crop dependence and climate risk.   Farmers reduce economic risk, boost soil fertility, and strengthen ecological resilience by diversifying crop varieties.   Intercropping cereals and legumes improves soil health by fixing nitrogen and ensuring food security (Malhi et al., 2021).   Industrialised and developing nations are prioritising climate-resilient agricultural types to adapt to local climatic concerns.  These include short-duration, flood-tolerant, and salt-tolerant crops.
  Spreading heat- and drought-resistant seeds has benefited areas prone to heat waves and variable precipitation.   Conventional breeding and biotechnology have created heat-tolerant wheat in South Asia and drought-resistant maize in sub-Saharan Africa.   These types reduce food insecurity by maintaining production independent of weather.   Genomic and molecular marker-assisted selection is speeding up climate-smart breeding procedures, making them more scalable (Yadav et al., 2021).
  Water scarcity, another climate change issue, requires quick irrigation improvements.   The inefficiency of traditional flood irrigation causes soil erosion and considerable water loss.   Drip irrigation, rainwater gathering structures, and micro-irrigation, which use up to 90% less water, can enable semi-arid and drought-prone crops get enough water.   India and Israel demonstrate that these strategies may boost yields with less water or other inputs.   Integrated water resource management techniques are recommended to combine agricultural water use with hydrological cycles and ecological sustainability (Prajapati et al., 2024).
  Agroforestry is another sustainable adaptation method that uses trees in farming.  Shade minimises crop heat stress, enhances soil structure, and increases biodiversity.   Sequestering carbon makes agroforestry valuable for adaptation and mitigation.   Cover cropping, organic supplements, and conservation tillage improve soil organic carbon, erosion control, and resilience.   These strategies boost long-term output and safeguard farms against climate shocks.
  Technological advances boost agricultural resilience.   GIS and AI are used in precision farming to detect pests, predict weather, and monitor soil moisture in real time.   These technologies help farmers optimise input use and make informed decisions, reducing resource waste and environmental impact.   AI-based models may predict climatic risk and advise adaptation practices, and GIS-based mapping can identify viable crop zones under future climatic scenarios.
  In conclusion, adaptation requires strong policy frameworks and global cooperation.   The Paris Agreement and other global agreements emphasise agriculture's role in adaptation and mitigation, while NAPs outline country-specific measures to protect vulnerable farming communities.   Crop insurance, minimum support prices for climate-resilient crops, and agricultural research funding are essential for widespread adoption.   International agencies like the FAO and CGIAR provide cross-border cooperation, which boosts information sharing and collaborative climate change solutions for agriculture.
  Finally, agricultural adaptation and mitigation programs must address policy, ecological, genetic, and technical issues.   Many measures are needed to create a sustainable, climate-resilient agricultural future.  These include crop diversification, robust seed systems, effective irrigation, agroforestry, digital technology, and supportive policies.
6. RESEARCH GAPS AND FUTURE DIRECTIONS
Despite growing literature on climate change, research is lacking, hindering policymakers and long-term adaptation.   Long-term, region-specific data on crop compatibility with changing climates is scarce, especially in India, with its considerable microclimatic and socioeconomic variances (Liaqat et al., 2022).   According to Skendžić et al. (2021), climate change is projected to increase pests and illnesses, but their impact on crop shifting is still uncertain.   Another issue is that most adaptation frameworks are too general to address the unique constraints of differing soil, water, and farming techniques in different regions.   Integrated modelling methods are needed since crop redistribution affects yields, market stability, farmer livelihoods, climate projections, and economic and trade dynamics (Pais et al., 2020).   Thus, future research should leverage multidisciplinary frameworks, boost data availability, and apply participatory strategies that combine farmer knowledge with scientific innovation to build equitable, scalable, and effective adaption methods.
7. CONCLUSION

Climate change is accelerating agricultural redistribution in India and around the world, threatening agriculture, farmers, and the food supply.   Crop shifting threatens traditional agricultural zones, but new opportunities to diversify cropping systems and boost resilience exist.   This two-sided feature underlines the necessity for proactive adaptation techniques including climate-resilient crop varieties, enhanced irrigation, and enabling legislation to minimise negative impacts and maximise good ones.  Success requires scientific innovation, institutional support, farmer education, and strong legal frameworks in line with international agreements like the Paris Agreement.   In the end, crop redistribution should be seen as an opportunity to rethink sustainable agriculture in light of climate change.
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