
 

1 | P a g e 

 

 

 

 
 

THE INTERNATIONAL JOURNAL OF GLOBAL SCIENCES 
(TIJOGS) ISSN Online: 2663-015X 
Vol. 4(1) Jan-Mar;8-March-2022 
http://www.rndjournals.com 

Impact of Global Climate Change on Agricultural Productivity 

Noreen Naz1, Wajahat Hameed2, Rabia Tabbassum3, Ayesha Farzand4, Abubakar Asif5, Nimra Mushtaq6, * Naeem Tahir7, 
1Department of Geography Punjab University Lahore 

2 Institute of Horticultural Sciences, University of Agriculture Faisalabad 
3,4,5Institute of Soil and Environmental Sciences, University of Agriculture Faisalabad 

6Department of Microbiology and Molecular Genetics, The Women University Multan 
7Department of Botany, Abdul Wali Khan University Mardan, Pakistan 

*Corresponding Email. noreennazishtiaq@gmail.com 

 

Abstract 

Climate change poses a global threat to agricultural productivity and food security. The greenhouse effect causes the temperature to rise 

as greenhouse-gas emissions in the atmosphere increase. The average global temperature is rising steadily, and by 2300, it is expected to 

have risen by 2 ͦ C resulting in significant global economic losses. Increased CO2 concentration, which accounts for a significant portion 

of greenhouse gas emissions, has resulted in increased plant growth and productivity due to increased photosynthesis. However, increased 

temperature counteracts this effect by increasing crop respiration rate and evapotranspiration, pest infestation, weed flora shift, and crop 

duration. Soil microorganisms' populations and enzymatic activities are affected by climate change. This paper looks at data from the 

scientific literature about climate change, its possible causes, near-term projections, and its effects on agriculture due to its effect on plant 

physiology and metabolism, as well as its possible and reported effects on plant growth and productivity, pest infestation, and mitigation 
strategies, as well as their economic effects. 
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Introduction 

Climate change is one of the most pressing issues confronting the globe today. According to scientists, changes in the average values of 

meteorological variables such as precipitation and temperature are critical markers of climate change (Zafar et al., 2020a; Zafar et al., 2021a; 

Zafar et al 2022a; Zafar et al 2022c). As a result of people's increased activity, the composition of the atmosphere has changed, culminating 

in catastrophic climate change. However, Europe emits 514 billion metric tons of CO2, much above Asia and North America's combined 

457 billion metric tons. Since 1751, the United States has been the world's top CO2 emitter, accounting for one-fourth of global emissions 

(399 billion metric tons). China comes in second with 200 billion metric tons. Previously, the European Union (EU-28), a group of 28 

countries that collaborate to set goals, was responsible for 22 percent of CO2 emissions. Because the average African emits so little carbon 

dioxide (CO2), the continent accounts for only 3% of global emissions. However, countries with lower emissions in the past, like Brazil and 

India, now have a global impact on emissions (Sathaye et al., 2006). As atmospheric CO2 levels increase, crop fertilization also increases, 

whereas energy requirements decrease as temperatures rise. Some things have improved as a result of climate change, while others have 

deteriorated. The majority of the effects of climate change over the twentieth century were positive. Before 1980, when the trend in the 

developed world was consistent, the majority of countries prospered, whereas the majority of developing countries were suffering. In the 

twenty-first century, climate change is affecting both rich and poor countries (Tol, 2013). 

Climate change is expected to worsen dramatically in the next few years. During the Kharif and Rabi seasons, the lowest and highest 

temperatures in Pakistan are projected to rise in Punjab. By the middle of the twenty-first century (2040–2069), yearly maximum and 

minimum temperatures for the Kharif and Rabi seasons are anticipated to climb by 1–3.3 degrees Celsius and 2–3 degrees Celsius, 

respectively. The seasons of Kharif (25–35 percent change) and Rabi (little change) will both witness precipitation changes in the region 

(Bokhari et al., 2017). According to PRECIS (Providing Regional Climates for Impact Studies), by the end of the twenty-first century, both 
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the lowest and highest temperatures in Punjab, India, will have risen. Heat waves and frost are possible from March to June. Temperatures 

at the poles, precipitation, and other climate factors are expected to rise by 0.5 degrees Celsius in China, with a further 0.5 degrees Celsius 

of warming. There will be less global warming if the world's temperature increase remains below 1.5 degrees Celsius (Chen & Sun, 2018). 

Rain and snow may fall more frequently and harshly over the planet in the coming years and decades as a result of temperature change. 

Extreme precipitation, such as flooding and drought, is influenced by geography. Due to heavy rains, rivers in South and East Asia will 

likely have higher flows than those in Southern Africa and South America. The patterns of precipitation and snowfall in the Indus River 

Basin are likely to change throughout time and place. The higher basin of the Indus River will receive more precipitation than the lower 

basin. People also believe that the higher basin will warm up more quickly than the lower basin. In the future, the Northeastern United States 

may have warmer, fewer cold, and more wet weather extremes. More pollution will exacerbate the effects of these emissions changes (Ning 

et al., 2015). The precipitation in northeast China will worsen as long as greenhouse gas emissions continue to rise (Zhang et al., 2010). 

Changes in the amount of precipitation or snowfall have a negative impact on agriculture, particularly in locations with few resources. It 

has a significant impact on agricultural production and farming. The amount of farmland in emerging countries has increased by 9% in the 

last 20 years. Droughts are undoubtedly to blame, as farmers attempted to compensate for lost crops due to droughts by farming extra land. 

If global warming is limited to 1.5 degrees Celsius rather than 2 degrees Celsius, the risk of global food insecurity is reduced by 76% (Betts 

et al., 2018). As a result of climate change's effects, farming is becoming increasingly challenging. By 2050, developing countries will 

require a 60% increase in agricultural production per year, while developed countries will only require a 24% increase (Betts et al., 2018). 

Climate change has a significant impact on agriculture, as evidenced by numerous studies. Yields of corn and wheat, for example, are 

expected to fall by 3.8 and 5.5 percent, respectively. Climate change has resulted in salt accumulation, drought, heat stress, and cold stress 

(Alexandratos & Bruinsma, 2012). Climate change affects both the number of insects in crops and the amount of water available (Malhi et 

al., 2021). The impact of climate change on agricultural production, weed populations, and the economy will be investigated in this study. 

It will also examine what may be done to mitigate or adapt to climate change so that we can better understand its likely consequences. 

Causes of Climate Change 

As a result of temperature rises induced by both human and natural processes, more greenhouse gas emissions have been generated (Baul 

& McDonald, 2015). In addition to carbon dioxide, methane, and nitrous oxide, humans contribute to the loss of the ozone layer through 

the generation of additional substances. Higher CO2 concentrations in the atmosphere (463–780 ppm) may result in higher nitrous oxide 

and methane emissions from upland soil and wetlands, so offsetting the 16.6% advantage of increasing the terrestrial carbon sink (Stern & 

Kaufmann, 2014). As a result of agricultural practices, methane and nitrous oxide are two examples of greenhouse gas emissions emitted 

into the atmosphere. If present consumption patterns and dietary energy usage remain similar to 1995 levels, global non-agricultural 

greenhouse gas emissions are expected to increase until 2055. As a change of shifting consumer preferences and greater use of more 

expensive products, such as milk and meat, it is anticipated that emissions will grow. Using technology, limiting meat consumption, or a 

combination of the two can reduce emissions (Van Groenigen et al., 2011). According to the Intergovernmental Panel on Climate Change 

(IPCC), between 8 and 10.8 percent of greenhouse gas emissions come from the livestock business. According to the results of a lifecycle 

analysis (Popp et al., 2010), the cattle industry may responsible for as much as 18 percent of global greenhouse gas emissions. Reduced 

greenhouse gas emissions, enteric fermentation, and liming are three practices that could aid in lowering cattle-related global warming 

pollution. Chemical nitrogen fertilizers continue to be a source of greenhouse gas emissions despite the fact that agricultural production 

management has improved, resulting in a 38% decrease in nitrogen fertilizer consumption. When emissions from agriculture were reduced 

by 33 percent, more food was produced while producing 33 percent less greenhouse gas (O’Mara, 2011). This is accomplished by consuming 

11% less energy and achieving 33% higher yields. 
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4. Climate Change and Agriculture 

Because of its vast size and sensitivity to weather variables, agriculture is the most vulnerable sector to climate change, with significant 

economic consequences. 

4.1 Impact of rising temperatures and precipitation variation on Agriculture 

Changes in temperature and precipitation induced by humans have a global impact on food production. Different geographies and rates of 

change in variables such as temperature, precipitation, and CO2 fertilization have unique effects on plant development. If it rains more 

frequently, the impact of rising temperatures on precipitation may be minimized. Climate change in Iran is influenced by crop adaptation, 

climate scenarios, and CO2 fertilization, among other aspects (Mendelsohn, 2009). Farmers in Cameroon have suffered financial losses due 

to the hotter and drier climate. Due to the lack of markets for its crops and the government's failure to make wise judgments, Cameroon's 

income varies. A recent study found that temperature influences the amount of coffee grown in Veracruz, Mexico. In the following four 

years, coffee production is anticipated to decrease by 34%. As a consequence, growers will be laid off. Depending on where crops are 

cultivated and how they are watered, climate change has various effects on farming. The increased use of water by farmers to promote 

agricultural growth may have an effect on the environment. Temperature variations are expected to affect plant growth. The global 

production of wheat, rice, and maize will decline by 2% if the climate warms by 2 degrees Celsius (Karimi et al., 2018). As temperatures 

rise, tropical plants become increasingly susceptible to heat stress. They stand to lose significantly more due to global climate change. 

4.2 yield losses due to climate change 

Crop losses may increase food prices and have other unanticipated effects on global agriculture. This might lead to a 0.3% drop in global 

GDP by the year 2100 (Challinor et al., 2014). Poor countries would suffer the brunt of the effects of climate change on food supplies more 

than any other region, according to the global-profit 52°C. With longer heat waves, the temperature rises ranging from 2.33°C to 4.78°C, 

and a CO2 doubling could have serious consequences for Indian agriculture (Stevanović et al., 2016). If global temperatures increase by one 

degree Celsius by the year 2100, farmers in Rawalpindi, Pakistan will lose 4,180 rupees per acre. Their net income will increase by 377.4 

or 642.21 INR depending on the amount of precipitation. Crop losses in rice, maize, and wheat could increase by 10 to 25% if global surface 

temperatures rise by one degree Celsius. As a result of climate change, food production in Sub-Saharan Africa is projected to decrease by 

6–24%. According to projections, the Solomon Islands would be unable to meet the demand for seafood in 2050. Global food security is in 

jeopardy if the average amount of fish consumed declines (Kumar & Gautam, 2014). 

4.3 Plants’ response to climate change 

Extreme variations in these factors are more likely to result in physiologic problems than regular climate variations. The amount and 

temperature of precipitation or snowfall have a significant effect on how plants utilize water. Depending on their species and developmental 

stage, plants respond differently to climate change. Plants respond to stress in numerous ways, including root elongation, angle near the end 

of root growth, and yield reduction (Dey et al., 2016). As the amount of CO2 in the air increased, plants absorbed less water, causing the air 

temperature to rise by 0.42 K. Increases in CO2 have both direct and indirect effects on the body, generating a 3.33 K increase in land surface 

temperature (Gray & Brady, 2016).  

As CO2 levels rise, crop-specific changes in plant development should increase harvestable yields. If there is no adversity, C3 plants will 

produce more and C4 plants will use less water. It is anticipated that the benefits of increased CO2 will be outweighed by higher temperatures 
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and more variable precipitation patterns. 

4.4 Positive impact of climate change on agriculture production 

Due to climate change, agriculture has grown more productive in numerous regions of the world. Regardless matter whether these localized 

modifications are positive or negative, they will have a negligible effect on places at low latitudes. If the temperature climbs beyond the 

point at which CO2 levels have doubled (Cao et al., 2010), severe economic issues may emerge. The tropical ecosystems of developing 

nations will have a significant impact on the repercussions of climate change. As temperatures rise, it is projected that agriculture would 

suffer considerably in the dry north and east of Sri Lanka, but will likely remain steady or grow in the cooler central highlands. The rate at 

which people are impacted by climate change influences the cost of adaptation (Aydinalp & Cresser, 2008). 

4.5 Impact of climate change on the microbial population of soil 

As the climate changes, the number and activity of soil microorganisms also change. In a temperature gradient tunnel, microorganisms were 

discovered to have a temperature of 4–5 degrees Celsius higher than the surrounding environment. Both the temperature and enzyme activity 

of bacteria and fungi that fix nitrogen and break down phosphorus increased considerably over a wide temperature range. Despite this, the 

optimal results were achieved at or close to the optimal temperature. Temperature determines whether plant-dwelling fungi and bacteria are 

beneficial, harmful, or have no effect (Zilberman et al., 2004). 

4.6 Increased crop’s susceptibility to various pests 

Climate change is most likely to have an impact on pathogen development and survival. As a region's climate or weather pattern shifts, crop 

susceptibility to pests, diseases, and weeds will almost certainly increase. High and middle latitudes will produce greater yields, whereas 

lower latitudes will produce less (Compant et al., 2010). A one-degree increase in temperature, on the other hand, is expected to increase 

insect pest infestation losses by 10 to 25%. Due to the fact that pest populations are primarily influenced by abiotic factors like humidity 

and temperature, climate change has the potential to increase pest populations and migration, posing a threat to agricultural yields and even 

viability. As a result of the infestation, pest control has become prohibitively expensive (Razzaq et al., 2021a; Razzaq et al., 2021b; Razzaq 

et al., 2021c; Zafar et al., 2020a). As precipitation and temperatures increased in the United States, pesticide prices for corn, potatoes, and 

soybeans increased, while wheat prices decreased. Under the HadCM3-high 2050 scenario, the proportion of arable land affected by the 

European corn borer and Colorado potato beetle is projected to increase by 43 and 48 percent, respectively, and uninhabited high-

temperature regions in the Central European scenario of rising temperatures are also vulnerable to these pests. The prevalence of thirty 

invasive insect species is anticipated to increase. Temperature rises in Sweden are likely to affect both the building industry and the forestry 

industry (Rosenzweig et al., 2001). 

C3 weeds increase their leaf area and biomass in response to increased CO2 levels, which is a result of climate change. C3 weeds pose a 

significant risk to C4 plants, whereas C4 weeds pose no risk to C3 plants. Due to the higher nutrient requirements of weeds, they compete 

with crops for water and nutrients. Climate changes change the dynamics of the crop–weed competition. Climate change affects the 

effectiveness of herbicides because it modifies their mode of action and influences weed growth. Wheat weeds, which are vital for global 

food security, should benefit from climate change (Krankina et al., 1997). To achieve weed control, new management practices must be 

designed with climate change in mind. If new management practices are not developed with climate change in mind, weed management 

will be difficult. Climate change is expected to exacerbate pest infestations in a variety of crops because warmer and more humid conditions 

are conducive to pest reproduction. It varies by region and depends on the adaptability of pests to climate change. 

5 Mitigation and Adaptation to Climate Change 

Farmers are concerned about the effects of climate change on their livelihoods and wish to take independent action. Nevertheless, 

transformation is only possible if you have the appropriate information. Despite the fact that the number of individuals impacted by water 
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stress can be reduced, those still affected must adopt adaptive strategies as the stress increases (Bajwa et al., 2020).  

5.1 Management practices 

Farmers who employ both conventional and agroecological practices could benefit from technology that enhances biodiversity, preserves 

healthy soils, and collects rainfall. These practices strengthen the soil and agricultural systems, assuring food availability independent of the 

weather (van Vuuren et al., 2011). These plants absorb carbon dioxide, maintain healthy soil, and prevent soil erosion. Using real-world 

examples of people's behavior is the most effective way to teach children about climate change and ecological development. Farmers 

emphasized on reducing greenhouse gas emissions and adjusting to climate change. Using technology to conserve resources, enhancing 

agricultural systems, and altering culture, economics, and the law can prevent climate change. Due to a lack of comprehension, small and 

disadvantaged farmers are unable to adapt to the effects of climate change. They are consequently more likely to lose. They are especially 

susceptible since their revenues may decline and they lack the skills necessary to adapt to climate change. Various agricultural practices, 

particularly seed sowing, have delayed the rate of climate change. From October 22 to October 28, wheat can be cultivated in the center and 

southwest parts of Punjab (Lal et al., 2011). When farmers in Sub-Saharan Africa adopt sequential cropping and plant when the weather is 

favorable, they lose the fewest crops. Agroforestry can assist small-scale farmers in Kenya to adapt to climate change and reduce their 

greenhouse gas emissions. Finding novel methods to dry rice and drain water from crops, as well as feeding livestock, utilizing nitrogen 

more efficiently, and adding carbon to the soil, can all contribute to the reduction of greenhouse gas emissions. Changes as simple as altering 

the planting time and kind of crops can have a significant impact on climate change. Climate change has had a significant impact on the 

adoption of new technologies by farmers. Market integration, government research funding, and talent development are the three most 

significant components (Sandhu et al., 2020). 

5.2 Conservation agriculture 

Conservation agriculture can gradually repair the damage caused by conventional ploughing by reducing soil erosion, increasing crop 

diversity, and maintaining land cover. Consequently, agricultural conservation reduces greenhouse gas emissions, fertilizer consumption, 

and carbon deposition in fields. Crop rotation, soil cover, and little soil disturbance are elements of sustainable agriculture (Lal et al., 2011). 

By producing wheat without tilling, farmers in South Asia can reduce their labor expenses by 15 to 16 percent. Wheat and corn yields are 

more constant with zero-tillage. It has been suggested that no-till farming can store carbon and slow climate change. Many people have 

argued for years that no-till farming could aid in slowing or halting global warming. CA adoption is influenced by the achievement of 

farmers' economic goals and the creation of farmer organizations and mechanisms that support local adaptation (Sandhu et al., 2020). 

5.3 Water-saving irrigation techniques 

Drip irrigation is advised for both groundwater depletion and global warming. This plant can adapt to varying weather conditions and 

requires less water from the soil. Increasing drip irrigation use in intensive agriculture exacerbates the Jevons conundrum. Sprinklers and 

drip irrigation can help minimize climate change and improve the economy in the long run. Sprinkler irrigation had the largest incremental 

mitigation costs, ranging from USD 476.03 to USD 691.64/t, and could increase greenhouse gas emissions (Zou et al., 2013).  

5.4 Precision agriculture 

Using soil-specific agricultural practices, farmers can use less nitrogen and yet make a profit. As a result, precision farming is anticipated 

to be more profitable than traditional field management. Farmers in northwest India cannot read or write, thus they do not know how to use 

nitrogen fertilizer properly. A leaf color chart (LCC) can be used to identify when and how much fertilizer should be applied to your plants. 

When LCC was less than 4, rice yields were roughly equivalent to the 120 kg N/ha required for fertilization (Aydinalp & Cresser, 2008). 

This fertilizer treatment reduced methane and nitrous oxide emissions by 11 and 16 percent, respectively, when compared to standard N 

fertilizer divided into various dosages. Using nitrogen fertilizer instead of the conventional way lowered wheat's nitrous oxide emissions by 

18 percent, according to the study. Due to laser field leveling (LLL), farmers are harvesting more crops and making more money (LLL). In 
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Raichur, Karnataka, LLL increased paddy crop yields by 0.5 kg per acre. The farm's annual net income improved by 5,000 INR as a result. 

Using this method, farmers have saved money and prevented crop losses due to weather (Krankina et al., 1997) 

5.5 Biotic and abiotic stress-tolerant crops 

Breeding plants allows for the development of new plant species in response to environmental conditions (Zafar et al., 2020b; Zafar et al., 

2021b; Zafar et al., 2021c; Zafar et al., 2022b; Manan et al., 2022; Sahar et al., 2021). It is only possible to determine a species' potential to 

flourish in a given environment by analyzing it from multiple angles. This method involves shortening the breeding process and analyzing 

the germplasm at multiple locations. Climate change is anticipated to increase the frequency and severity of abiotic stress. As a result, 

cultivars that can resist stress are highly significant. SUB1A has been cloned into a range of high-yield rice varieties grown in South Asian 

nations. In the first 18 days, cultivars that can grow in water produce more than those that cannot (Gray & Brady, 2016). 

5.6 Climate-smart agriculture (CSA) 

Climate-smart agriculture's response to climate change includes practices that use less water, fertilizer, and carbon, as well as weather and 

carbon. To help people adapt to climate change, data is collected, local institutions are modernized, climate-friendly policies are supported, 

and farmers receive subsidies. The soil structure is preserved, and water and nutrients are supplied in the most eco-friendly manner possible. 

Small-scale farmers in semiarid West Africa have increased agricultural yields with zai, stone bunds, and half-moons. Farmers in Pakistan 

utilized environmentally responsible agricultural practices to increase cotton yield and income (Rosenzweig et al., 2001). Before famine 

strikes, the Indo-Gangetic plain can only plant so much rice and wheat to prevent starvation. Farmers have indicated a desire to boost the 

productivity of conventional agricultural techniques by incorporating climate-smart agriculture technologies. Farmers in the east employ 

LLL (laser land leveling), whereas farmers in the west rely on crop insurance and weather forecasts (Sandhu et al., 2020). These strategies 

are simple to implement and have great potential for assisting people. How and where individuals use technology, as well as how they 

perceive it, determines everything. They are also beneficial when combined with other medications. 

6. Economic Impact of Climate Change and Climate-Smart Agriculture Technologies 

Since temperatures will continue to rise despite the positive impacts of climate change, this is a negative externality. It is hazardous if the 

temperature rises by more than 3 degrees Celsius, and it can be fatal if it rises by more than 7 degrees Celsius. In 2015, the societal cost per 

ton of carbon dioxide (CO2) increased by 2% annually, reaching USD 29. If people collaborate to slow climate change, the fishing sector in 

the Solomon Islands might flourish. The impact of climate change on agricultural markets will result in a 0.26 percent decrease in global 

GDP. If weather predictions for the 2080s were to come true now, household well-being would decrease by 0.2% to 1.0% annually (Powlson 

et al., 2014). One degree Celsius of global warming is anticipated to result in 12 percent of GDP in the market and non-market expenses. If 

people continue to resist climate change in the same manner as they have in the past, there will be a significant economic disparity (Baul & 

McDonald, 2015). 

7. Conclusions and Prospects for the Future 

Climate change makes it increasingly difficult for farmers to produce enough food to sustain a growing population. Numerous studies have 

demonstrated that agricultural production would be affected by climate change, despite the fact that the future climate and its ramifications 

are mostly uncertain. These variables impact the number of insects, the fertility of the soil, and the physiology and metabolism of the climate 

system. Numerous initiatives have been taken to mitigate and adapt to the negative effects of climate change on agricultural sustainability. 

Crop residue management and other ICT-based agrometeorological services, such as leaf color maps and accurate fertilizer delivery, aid in 

soil nutrient conservation and stress reduction. Adaptive plants and ICT-based agrometeorological services are two more strategies to reduce 

soil stress (agricultural extensions to enhance capacity-building). As a result of these modifications, it is less likely that climate change will 

hinder plant development. The effects of climate change on local and global economies could be mitigated by utilizing these methods. 
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Regional or local planning is crucial to the success of these undertakings. Long-term, farmers who take measures to prevent and adapt to 

climate change should be able to make more money and retain their jobs. We just do not know enough about climate change to make 

informed decisions regarding its mitigation and adaptation. As part of a regional strategy, it is necessary to develop climate-change-resistant 

technologies. If you cannot adapt to the weather, you will not be able to cultivate the desired crops. The farmer should have as much 

knowledge as possible regarding weather-related field equipment. 
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