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Abstract 

Climate change makes it harder for people to get 

enough food and stay healthy around the world. Due to 

the greenhouse effect, as the amount of greenhouse 

gases in the air goes up, the temperature also goes up. 

The average global temperature is going up all the 

time and is expected to go up by 2°C by 2100, which 

would hurt the global economy in a big way. The 

amount of CO2, a major component of greenhouse 

gases, is rising at an alarming rate. This has caused 

plants to grow faster and make more food because they 

can do more photosynthesis, but this effect is cancelled 

out by higher temperatures, which lead to faster crop 

respiration and evaporation, more pests, a change in 

weed flora, and shorter crop duration. The number of 

microbes in the soil and how their enzymes work are 

also affected by climate change.  This paper looks at 

the information found in the literature about climate 

change, its possible causes, what might happen in the 

near future, how it affects agriculture by affecting the 

physiological and metabolic processes of plants, as 

well as its possible and reported effects on plant 

productivity and growth, pest infestation, mitigation 

strategies and their economic effects. 
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1. Introduction  

One of the most pressing issues of our day is climate 

change. It is defined as long-term changes in the 

average values of meteorological factors, like rainfall 

and temperature, that are big enough to be noticed [1]. 

Over the past few decades, people have done more 

things that changed the composition of the atmosphere, 

which has led to big changes in the global climate [2]. 

Greenhouse gases like methane (CH4), carbon dioxide 

(CO2), and nitrous oxide (N2O) have all increased 

significantly since 1750, by 150%, 40%, and 20%, 

respectively. Carbon dioxide emissions, the most 

significant greenhouse gas, increased from 22.15 

billion metric tonnes in 1990 to 36.14 billion metric 

tonnes in 2014. Since 1975, the average global 

temperature has risen at an average rate of 0.15–0.20 C 

per decade [3]. By 2021, the average global 

temperature is expected to rise by 1.4–5.8 C [4]. 

Greenhouse gas (GHG) emissions, particularly CO2 

from the combustion of fossil fuels, as well as other 
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GHGs other than CO2, such as nitrous oxide, methane, 

and CFCs, contribute to global warming.  Since 1751, 

the world has put out about 1.5 quadrillion metric 

tonnes of CO2. But the emissions are different in 

different places. Europe is the biggest source of CO2, 

with about 500 billion metric tonnes of CO2 emissions. 

North America and Asia are the next biggest 

contributors, with 457 billion metric tonnes of CO2 

emissions each. USA is the biggest source of CO2 

emissions (400 billion metric tonnes), and since 1751, 

it has been responsible for 1/4th  of all CO2 emissions 

ever made. China is the second biggest source of CO2 

emissions (200 billion metric tons). The European 

Union (EU-28) has been responsible for 22% of all 

CO2 emissions in history. Due to low CO2 emissions 

per person, Africa only contributes 3% of the world's 

total CO2 emissions. But countries like Brazil and 

India, whose emissions in the past have been lower, 

add a lot to the total emissions right now [5]. With 

more CO2 in the air, crops will need more fertiliser, 

but less energy will be needed to grow them because of 

the warming. These are some of the positive outcomes 

of climate change.  On the other hand, water resources 

are getting worse because of climate change. Most of 

the effects of climate change in the 20th century were 

good. Most countries benefited from it until 1980. 

After that, the trend didn't change for the developed 

world, but it hurt the Third-World countries. Climate 

change will become a big problem in the 21st century, 

and both wealthy and poor countries will be hurt by it 

[6]. The increase of greenhouse gases has an impact on 

how the temperature of the atmosphere rises. . Most of 

the infrared-active gases are ozone (O3),  carbon 

dioxide (CO2) and water vapour (H2O). These gases 

absorb the heat emitted by the earth's atmosphere and 

surface, which warms the earth. The greenhouse effect 

is the name for this effect. Since 1850, the average 

temperature of the Earth has gone up by between 1 and 

1.2 C. Still, changes in land temperature are far more 

obvious, therefore the global land temperature has 

risen almost twice as much as the ocean temperature. . 

The average temperature of land around the world has 

gone up by 1.32 0.04 C since 1951–1980, while the 

temperature of the ocean surface has gone up by 0.59 

0.06 C. (excluding areas of sea ice). The average 

temperature in the Northern Hemisphere is also greater 

than in the Southern Hemisphere. . This is because the 

Northern Hemisphere has more landmass. Since 1850, 

the temperature of the Northern Hemisphere has gone 

up 1.31 °C and the temperature of the Southern 

Hemisphere has gone up 0.91 °C, with a rise of 1.11 °C 

on average around the world. The polar regions have 

seen an extreme rise in temperature, which has bad 

effects like the melting of glaciers [7]. As the world's 

temperature goes up, greenhouse gas emissions need to 

go down to keep the temperature from going up by 

more than 2 C compared to before industrialization. 

Since 2005, the developed countries are responsible for 

about 60–80% of the rise in global temperature, 

melting of sea ice and the upper ocean warming, while 

the developing countries are only responsible for 20–

40% [8]. According to probabilistic predictions of the 

IPCC's climate sensitivity range, the average global 

temperature will rise by 2°C by 2100 and by 4.2°C by 

2400. . At the current level of radiative force, though, it 

doesn't look like the temperature will rise more than 2 

C by 2100. But the risk is rising, mostly because 

radiative forces are becoming more stable above 400 

ppm of CO2. Also, if humans stopped making 

pollution tomorrow, it is very unlikely that the 

temperature would rise by 2 C . In the near future, 

climate change is expected to get worse. The minimum 

and maximum temperatures in Pakistan's Punjab region 

are projected to climb throughout the Kharif and Rabi 

seasons.  The average high and low temperatures are 

projected to climb by 1-3.3 C and 2-3 C, respectively, 

throughout the Kharif season. The average high and 

low temperatures are anticipated to climb by 2.1-3.5 C 

and 2-3 C, respectively, throughout the Rabi season 

(2040-2069). There have also been predictions of 
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changes in the amount of rain in the area, especially 

during the Kharif season (25–35%), but the changes 

aren't very big during the Rabi season [9]. By the 

middle and end of the 21st century, both the lowest and 

highest temperatures are expected to rise in Punjab, 

India. This is according to a study by PRECIS 

(Providing Regional Climates for Impact Studies). 

Also, there will be extreme cases of high temperatures 

(heat waves) from March to June and low temperatures 

(frost) from December to January [10]. With an extra 

0.5 C of warming, it is also expected that the most 

extreme weather conditions, like minimum 

temperature, maximum temperature, and rainfall, will 

happen more often and with more force in China. Also, 

the weather will be less extreme if global warming 

stays below 1.5 C [11]. 

 

From 1901 to 2015, there was a change of 0.78 inches 

in the amount of rain around the world [7]. But because 

of global warming, it is more likely that we will see 

extremes in temperature and rain in the near future. 

How much rain or how little rain there is in a certain 

area depends on its geography. South and East Asia are 

more likely to have higher average river flows because 

of heavy rain that lasts for a long time, while southern 

Africa and South America will have less severe 

drought. It is expected that the pattern of rainfall in the 

Indus river basin will change in different places and at 

different times of the year. The upper Indus basin is 

expected to get more rain, while the lower basin is 

expected to get less rain. Also, it is expected that the 

upper basin will warm up more than the lower basin 

[12]. In the northeastern United States, there is a 

chance that there will be more extreme heat, less 

extreme cold, and more extreme rain in the future. If 

emissions go up, these changes will get worse [13]. 

Soil erosion is also affected by how much and how 

often it rains, and the situation will get worse in 

northeast China if greenhouse gas emissions go up 

[14]. Anomalies in how much rain falls hurt 

agriculture, especially in developing countries. In 

addition to affecting crop yields, it has a big effect on 

the areas of cropland. There is evidence that the 

roughly 9% rate of cropland expansion in the 

developing world over the last 20 years is due to dry 

anomalies, as farmers expand the area to make up for 

yield losses [15]. The world's food security will be in 

danger because of global warming, but if it stays below 

1.5 C, 76% of developing countries will be less at risk 

than if it goes above 2 C [16]. Climate change makes it 

difficult to feed the world's population since it has a 

significant impact on agriculture. From 2005/2007 to 

2050, global agricultural production must expand by 

60% per year, with increases of 77% in poor countries 

and 24% in wealthy nations. . This is needed to meet 

the food and nutrition needs of the population [17]. 

Climate change is known to hurt agricultural 

production, and it is expected that maize and wheat 

production will drop by 3.8% and 5.5%, respectively, 

around the world [18]. Plants have to deal with abiotic 

stresses like saltiness, drought, heat stress, cold stress, 

etc. because of the weather. Climate change has a lot of 

bad effects, but the most important ones are less water, 

less fertile soil, and pests in crops [19]. This study 

attempts to compile research on how climate change 

may effect agriculture output, weed infestations, and 

the economy from 1998 to 2020. . Also, mitigation and 

adaptation strategies to fight climate change are talked 

about so that everyone can understand what they might 

mean. 

 

2. Materials and Methods  

PRISMA (Preferred Reporting Items for Systematic 

Meta-Analysis), was used to do a systematic review of 

the literature. We used keywords like "climate and 

agriculture," "climate change and mitigation," "climate 

change and economics," and "climate change and 

mitigation" to find studies that fit with our research 

goals. Also, the search was done for the period from 

1998 to 2020. Out of the 410 documents that were 
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looked over, only 200 were found to be useful. In the 

end, research papers that had been published in 

journals with a "impact factor" were chosen, and their 

results are given here. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Causes of Climate Change 

Changes in temperature are caused by natural events 

and human actions on Earth, which in turn lead to the 

buildup of GHGs. Human actions cause the release of 

greenhouse gases like CO2, methane, and nitrous 

oxide, as well as other chemicals that deplete the ozone 

layer in the atmosphere. Increased CO2 in the 

atmosphere can change how microorganisms work in 

the soil and how much water is in the soil. As a result, 

increased atmospheric CO2 (463–780 ppm) can cause 

more nitrous oxide and methane to be released from 

upland soil and wetlands, which cancels out the 16.6% 

reduction in climate change predicted by increasing 

terrestrial carbon sink [20]. 15% of all emissions, 

mostly methane and nitrous oxide, come from the 

agriculture sector. If people keep eating the same way 

and using the same amount of energy from food as 

they did in 1995, it is expected that non-agricultural 

greenhouse gas emissions will rise until 2055. But 

because people are becoming more interested in high-

value foods like milk and meat, the emissions are 

expected to rise even faster.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Either technology can be used to cut down on the 

emissions, or people can eat less meat, or both [21]. 

The livestock industry is the main source of 

greenhouse gas emissions. The IPCC says that it is 

responsible for 8–10.8% of emissions, but a lifecycle 

analysis shows that it can be responsible for up to 18% 

of GHG emissions [22]. The main ways that livestock 

contribute to greenhouse gas emissions are through 

enteric fermentation, N2O emissions, liming, fossil 

fuels, organic farming, and making fertiliser. 

Greenhouse gases are also made when nitrogen-based 

chemical fertilisers are used . N fertiliser use can be cut 

by 38% if crop production is better planned. Better 

crop management also increases yields by 33% and 

uses 11% less energy to grow the crops. This cuts 

greenhouse gas emissions by 20% [23]. 

 

4. Climate Change and Agriculture  

 

 

Fig: Method for selection of research papers for review and analysis. 
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Agriculture is the most affected by climate change 

because of how big it is and how sensitive it is to 

weather conditions. This has huge economic effects. 

Changes in weather events like temperature and 

rainfall have a big effect on how much crops grow. The 

effects of rising temperatures, changes in rainfall, and 

CO2 fertilisation depend on the crop, where it is, and 

how much the parameters change. It has been found 

that a rise in temperature lowers the crop yield, but a 

rise in rainfall is likely to cancel out or lessen the effect 

of a rise in temperature [24]. As seen in Iran, climate 

variables affect crop production, which depends on the 

crop's ability to adapt, the climate scenario, and the 

effect of CO2 fertilisation [25]. In Cameroon, it has 

been found that when it rains less or gets warmer, 

farmers' net income goes down by a lot. Because of 

this and bad policymaking, Cameroon's agricultural 

exports are not in high demand, which makes the 

country's income go up and down [26]. Statistics show 

that the temperature affects the amount of coffee that 

can be grown in Veracruz, Mexico. It was also found 

that the producers may not be able to make money 

from coffee production in the coming years, as there 

are signs that production will drop by 34% [27]. How 

climate change affects crop yields depends on where 

the crops are grown and how much water they get. By 

expanding irrigated areas, crop yields can be raised, 

but this can be bad for the environment . By making 

crops grow faster, a rise in temperature is likely to 

lower the yield of many crops. If both temperate and 

tropical regions warm up by 2 C, the total amount of 

wheat, rice, and maize that can be grown is expected to 

go down [28]. In general, climate change has a bigger 

effect on tropical areas because crops there stay closer 

to their high-temperature optimals and suffer more 

from high-temperature stress when the temperature 

goes up. Also, insect pests and diseases are more 

common in places that are humid and warm [29]. 

Along with temperature and rainfall, other factors like 

humidity and wind speed also affect crop yields. 

Without these factors, there was a chance that the cost 

of climate change would be overestimated. Also, it was 

found that climate change is likely to reduce the yields 

of wheat, corn, and rice in China by 18.2612.13, 

45.1011.55, and 36.2510.75% until 2100 [30]. Since 

the 1900s, there have been more and more extreme 

weather events in the Netherlands, which has had a big 

effect on the amount of wheat grown there. How much 

a wheat crop dropped because of bad weather 

depended on what week it happened [31]. Most parts 

of the world are expected to have more droughts in the 

near future because of climate change. By 2100, the 

area affected by drought is expected to grow from 

15.4% to 44.0%. Africa is said to be the most 

dangerous place. It is expected that the yield of major 

crops in areas with drought will drop by more than 50 

percent by 2050 and by almost 90 percent by 2100 

[32]. 

When crop yields go down, food prices can go up, and 

this can have a crazy effect on agriculture around the 

world, leading to a 0.3% annual loss of GDP by 2100. 

But [33] found that climate change doesn't have much 

of an effect on the world's food supply, but it will have 

a big effect on the developing countries. In India, the 

temperature is expected to rise between 2.33°C and 

4.78°C, CO2 levels are expected to double, and heat 

waves are expected to last longer. This could hurt the 

agriculture industry [34]. In the dry area of 

Rawalpindi, Pakistan, farmers will lose INR 4,180 per 

acre every year by 2100 if the temperature goes up by 

1°C, but their net income will go up by INR 377.4, and 

by INR 649.21 if the amount of rain goes up by 8% or 

14% [54]. With a 1 C rise in the average surface 

temperature around the world, rice, maize, and wheat 

are expected to lose 10–25% of their yields [55]. 

Climate change is expected to lower the average crop 

yield in sub-Saharan Africa by 6–24% [35]. Solomon 

Island is also expected to need more fish than it can 

produce in 2050, which will have a big effect on food 
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security because the amount of fish each person eats 

will go down. 

The relationships between plants and water are very 

sensitive to changes in temperature and precipitation, 

and extreme changes in these parameters are more 

likely to cause physiological changes than changes in 

the average climate [58]. How plants react to climate 

change depends on what kind of plant it is and what 

stage of growth it is in. Different species of plants have 

different thresholds, and their responses, like growing 

longer roots, changing the angle at which roots grow, 

and lowering their yield, vary [59]. With more CO2 in 

the air, plants were found to have less transpiration, 

which caused the air temperature to rise by 0.42 0.02 

K. The warming of land surfaces can be increased by 

3.33 0.03 K because of this direct physiological effect 

of higher CO2 and a direct radiative effect [36]. As the 

amount of CO2 in the air goes up, the amount of crops 

that can be harvested should go up, and the way plants 

grow depends on the type of crop. Even though C3 

crops are expected to produce more, both C3 and C4 

crops are expected to need less water when there are no 

stressful conditions. But these good effects of more 

CO2 are likely to be cancelled out by warmer 

temperatures and different rain patterns [37]. But in 

some places, the effects of climate change on 

agriculture production are also positive. But these 

regional changes, whether they are increases or 

decreases, won't have a huge effect, and they will only 

be more noticeable in some low latitudes. But if the 

temperature goes up more than what would happen if 

CO2 doubled, this can lead to big economic losses. 

The effects of climate change will be very bad in 

tropical areas of developing countries, but how bad 

they are will depend a lot on the region's climate. In 

terms of agriculture, the north and east of Sri Lanka, 

which are drier, will lose a lot more than the cooler 

central highlands, where production is expected to stay 

the same or even go up as temperatures rise [38]. The 

speed of climate change affects its effects, which in 

turn affects how much it costs to adapt. This means 

that environmental policies must be dynamic and put 

into place in a way that allows for adaptation and 

flexibility. A sensitivity analysis using CERES (crop 

estimation through resources and environmental 

synthesis) has also shown that wheat and rice yields in 

northwest India could increase by 28% and 15%, 

respectively, at double the levels of CO2. However, the 

higher temperatures caused by high CO2 levels almost 

cancel out the positive effects. Also, the yields of both 

rice and wheat will go up by 21% and 4%, 

respectively, if the same irrigation schedule is used 

even though CO2 levels will be higher and 

temperatures will be higher. But if there is a severe 

lack of water and a lot of heat stress, the yield of rice 

and wheat is likely to go down in the future, even if 

CO2 levels go up [39]. The increase in CO2 could 

make up for the decrease in crop yields caused by 

higher temperatures and less water in the soil. The 

increased CO2 concentration reduces global yield 

losses by a lot, mostly by cutting the amount of water 

used in agriculture by 4–17%. Also, the differences in 

crop yields between regions are mostly caused by how 

different crops grow . When the level of CO2 is high, 

non-leguminous C3 crops have less of the nutrients (N, 

Fe, Zn, and S) that are mostly found in proteins [40]. 

At an ambient air temperature of 29°C, rice crops grow 

faster and produce more seeds when the CO2 level 

goes up. However, when the temperature goes up, the 

number of seeds set goes down. When CO2 levels are 

high, the amount of zinc and iron in C3 grain crops and 

legumes goes down, which is bad for human health. 

The amount of protein in C3 plants and legumes also 

seems to go down when the CO2 level goes up, but C4 

plants don't seem to be affected [41]. Changes in 

climate also affect the kinds of microorganisms that 

live in the soil and how their enzymes work. The 

number of microorganisms was found to be much 

higher in a temperature gradient tunnel with a 

temperature that was 4–5 C higher than in the field. 
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Populations of nitrogen-fixing and P-solubilizing 

bacteria and fungi, as well as enzymatic activities, 

were significantly higher at a wide range of 

temperatures, but the highest parameters were found at 

or near the optimum temperature. On the other hand, 

the growth of endophytic fungus and bacteria that help 

plants grow can be good, bad, or have no effect, 

depending on the temperature range. Table 1 shows 

what different models say about the effect of climate 

change on the yield of different crops. 

 

Table 1: Impact of climate change on crop 

productivity. 

 

Crops  Yield 

Variati

on 

Cause Model 

Used 

Location Sour

ce 

Corn, 

soybea

n, 

cotton 

Yield 

increas

e up to 

29–32 

◦C  

−30–

46% 

by 

2100  

−63–

82% 

by 

2100 

 

 

Slowest 

warming 

scenario 

 Rapid 

warming 

scenario 

Hadley 

III 

model 

United 

States of 

America 

[42] 

Cotton, 

sunflo

wer, 

wheat 

−2–

9% by 

2050 

Medium

-high 

and low 

GHG 

emission

s 

DAYCE

NT 

Californ

ia’s 

Central 

Valley 

[43] 

Maize 

 

−5–

13% if 

occurr

ed 

later in 

season  

Increase

d 

frequenc

ies of 

extreme 

weather 

SALUS 

crop 

model 

Norther

n 

Midwest 

USA 

[44] 

 events 

and 

warming 
Wheat -5–

17% 

and 

−2–

18% if 

occurr

ed 

early 

in 

season 

Sorghu

m 

−2.2% Increasi

ng 

temperat

ure 

County-

specific 

multiple 

linear 

regressi

on 

model 

Great 

Plains of 

USA 

[45] 

Soybea

n 

-0.5% 

Maize +1.6% 

 

Most likely, pathogens will be affected by changes in 

the climate that are expected to happen [46]. Changes 

in a place's climate or weather pattern are likely to 

make crops more vulnerable to pests, diseases, and 

weeds. Yields are expected to go up in countries with 

high and mid-latitudes, but to go down in countries 

with lower latitudes . With a one-degree temperature 

rise, however, it is thought that insect pest infestations 

will cause 10–25% more damage [47]. Climate change 

could lead to an increase in the number of pests and 

their ability to move around. This could hurt 

agricultural yields and even make farming impossible, 

since pest populations are mostly affected by things 

like humidity and temperature. In Brazil, coffee 

nematodes and leaf miners are likely to become more 

of a problem because there will be more generations in 

a month than there were from 1961 to 1990 [48]. 

Because of this, pest control has cost a lot of money in 

pesticides. Statistics show that as rain and temperature 

went up, the cost of pesticides for crops like corn, 

potatoes, and soybeans went up, but the cost of 
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pesticides for wheat went down in the USA [49]. For 

the second generation, the amount of arable land 

affected by the European corn borer and the Colorado 

potato beetle is expected to rise by 43% and 48%, 

respectively, in the HadCM3-high 2050 scenario. 

Uninhabited areas at high altitudes are also vulnerable 

to these pests in a warmer Central Europe [86] 

scenario. In the current global warming scenario, the 

area where the wheat aphid (Schizaphis graminum) can 

live is expected to grow to higher latitudes in the 

northern hemisphere by 2030, but it is expected to 

shrink in the southern hemisphere [50]. It is also likely 

that 30 types of pest insects will show up more often. 

As the temperature rises in Sweden, it is likely to affect 

new areas and hurt the country's forestry industry [51]. 

When GIS modelling was used to predict the future of 

the potato tuber moth (Phthorimaea operculella), it was 

found that the pest could do more damage in tropical 

and subtropical warmer regions, where it already lives. 

It is also expected to grow in temperate and 

mountainous areas, where it could do a little more 

damage [52]. The life cycle of pathogens like Puccinia 

striiformis f.sp. trictici is expected to be slowed down 

by rising temperatures, while Fusarium 

pseudograminearum is expected to benefit from a rise 

in the amount of CO2 in the air [53]. Climate change 

affects how people live and where they live, as well as 

how fast they grow and how many generations they 

have. Changes in climate can make pests live longer 

and change how crops and pests grow at the same time. 

It can also make migrant pests more likely to come into 

an area. Climate change may also make it less effective 

to protect plants with things like host plant resistance, 

natural enemies, transgenic plants, synthetic chemicals, 

or biopesticides [54]. Climate change and globalisation 

could make it hard to predict how cropping systems, 

weather, and pests will work together. Changes in 

climate are likely to affect how fast insects grow and 

how fast they burn energy, especially in temperate 

regions . Climate change is also making it easier for 

pests to live in more places. The habitats of Africa's 

three most common insect species, Tuta absoluta, 

Ceratitis cosyra, and Bactrocera invadens, are getting 

better all over the continent, especially in places close 

to where they live best [55]. Also, the rising CO2 level 

and temperature are making it more likely that late 

blight of potatoes, blast, and sheath blight of rice will 

happen, which could be very bad for the food security 

of the world [56]. Climate change also affects the 

number of weeds that grow in crops. When the amount 

of CO2 in the air goes up, C3 weeds respond more 

strongly by growing more leaves and more biomass. 

C3 weeds are a big problem for C4 plants, but C4 

weeds don't do as well on C3 plants . Weeds and crops 

compete for water and nutrients because weeds need 

more nutrients than crop plants . Changes in climate 

also affect how crops and weeds compete with each 

other. Changes in climate also have a big effect on how 

well herbicides work because they change the way they 

kill weeds. Weeds in wheat crops, which are very 

important to the world's food security, are likely to 

benefit from climate change. Weeds are spreading to 

new areas because of climate change, and these new 

areas can only be managed if new management 

practises are planned with climate change in mind. 

Climate change is expected to make pest infestations of 

different crops worse, since warmer and more humid 

conditions are better for pest growth. But it will depend 

on where you live and how well the pests can adapt to 

climate change. 

Climate change: how to stop it and how to deal with it 

The most important thing that drives farmers to take 

action on their own is how they see the threat and 

severity of climate change. But the change depends on 

what kind of information is available [57]. With 

mitigation strategies, the number of people who are 

exposed to water stress will go down, but the people 

who are still exposed will need adaptation strategies 

because they will be under more stress [58]. 

Traditional management systems and agroecological 
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management systems, such as biodiversification, soil 

management, and water harvesting, can help farmers 

adopt climate-resilient technologies . These 

management practises make sure there is more carbon 

sequestration, better soil health, better soil quality, and 

less soil erosion. This leads to resilient soils and 

cropping systems, which in turn makes sure there is 

enough food during climate change . The most 

effective ways to teach people about climate change 

for ecological development are these ones, which focus 

on local, tangible, and doable things and can be 

measured by how people act . Farmers were mostly in 

favour of adaptations, but only a few were in favour of 

reducing GHGs. This shows that we need to focus on 

interventions that have both adaptation and mitigation 

features [59]. The main ways to adapt to and reduce the 

effects of climate change can be roughly put into three 

groups: technologies for conserving resources, 

technologies for improving cropping systems, and 

social, economic, or policy interventions . Small and 

marginal farmers can't deal with climate change 

because they don't know enough about it. This makes 

them more likely to lose money . Farmers in African 

countries are also very vulnerable to climate change 

because it will cost them money and they don't have 

any good ways to deal with it . There have been ways 

to lessen the effects of climate change, such as moving 

the dates when crops are planted. The best time to plant 

wheat in Punjab, India, is between October 22 and 28 

in the northeast, between October 24 and 30 in the 

centre, and between October 21 and 27 in the 

southwest [60]. Farmers in sub-Saharan Africa lose the 

least crop yield when they use sequential cropping 

systems and change when they plant seeds based on the 

weather . The agroforestry sector can help reduce the 

amount of GHGs in the air, which will help small 

farmers in Kenya adapt to climate change. There are 

some easy ways to reduce GHG emissions, such as 

changing the way rice dries, draining the soil in the 

middle of the growing season, giving livestock a better 

diet, making it easier to use nitrogen, and adding 

carbon to the soil. Simple ways to adapt, like changing 

when and what you plant, could make the effects of 

climate change less severe . The spread of technology 

is a very important factor in how farmers deal with 

climate change. Integration of the market, support for 

public research, and building up of capacities are the 

most important things. Conservation agriculture has 

the potential to fix the damage that conventional tillage 

has done over the years. This is because it leads to less 

soil disturbance, a wider range of crops, and keeping 

the soil covered. Conservation agriculture also leads to 

less greenhouse gas (GHG) emissions, less fertiliser 

use, and more carbon being stored in the soil . 

Conservation agriculture is based on the ideas that the 

soil should be disturbed as little as possible, crops 

should be rotated, and the soil should be covered. 

These ideas are the foundation of sustainable farming 

methods. Farmers in south Asia are growing wheat 

with no tilling because it saves them 15–16% on the 

cost of growing wheat. Also, wheat and maize yields 

are higher and less variable when there is no tilling 

[61]. People also said that no-till practises could be 

used instead of conventional tillage, which reduces the 

effects of climate change by storing carbon. However, 

the effect of no-till cultivation on climate change is 

overstated, because it only adds a small amount of 

organic carbon to the soil . Conservation agriculture 

(CA) has spread because of a number of things, 

including people's perceptions of its benefits, the use of 

functional market exchange techniques to get the 

necessary resources for CA implementation, economic 

incentives for farmers, the creation of farmer 

organisations to encourage local adaptation, and 

alliances between farmer organisations and institutions 

to create a good environment [62]. 

Climate-smart technologies that provide nutrients, 

water, or support soil structure are the most effective. 

Some technologies, like half-moons, stone bunds, zai, 

and nutrient application, were found to work well in 
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semiarid West Africa to keep food production going 

and protect smallholder farmers . Climate-smart 

farming techniques were studied in Punjab, Pakistan, 

and it was found that cotton yields were higher and 

resources were used more efficiently . The Indo-

Gangetic plain is very susceptible to climate change, 

which hurts the area's rice and wheat crops. Farmers 

have said that they are willing to use climate-smart 

agriculture technologies that can make traditional 

farming methods more productive. In the eastern Indo-

Gangetic Plains (IGP), the most popular CSA 

technologies are laser land levelling (LLL), weather 

advisory services, and crop insurance. In the western 

IGP, the most popular CSA technologies are direct 

seeding, LLL, zero tillage, crop insurance, and 

scheduling irrigation [63]. These adaptation and 

mitigation strategies have a lot of potential for 

adaptation and mitigation. But they depend on how 

well a technology fits the region, how people see it, 

how well it works economically, and how hard it is to 

use. Also, these strategies work best when a number of 

different interventions are used together to help each 

other. 

 

5. Economic Impact of Climate Change and 

Climate-Smart Agriculture Technologies  

Some of the first effects of climate change were good, 

but the inevitable warming of the environment is a bad 

externality. If the temperature goes up more than 3 C, 

the net effect is bad, and if it goes up more than 7 C, 

the total welfare can go down. In 2015, the social cost 

of carbon emissions is expected to be USD 29/tC 

(tonnes of carbon) and to rise by 2% per year . If 

strategies to slow down climate change are put into 

place, Solomon Island's fishing industry would make a 

lot of money. Climate change will also have a big 

effect on agricultural markets, which will cause a 0.26 

percent drop in the global GDP [135]. If the weather 

predicted for the 2080s happened today, it would cost 

households between 0.2 and 1% of their annual income 

[64]. With a 1 C rise in the average global temperature, 

both market and non-market damages are expected to 

cost 1.2% of the global GDP [65]. If future strategies 

for reducing the effects of climate change are based on 

how past strategies were changed, the world's income 

is expected to drop by 23% by 2100, and the gap 

between rich and poor will get bigger [66]. The growth 

of the world economy is expected to slow by 0.28% 

per year [67]. Table 2 shows how different climate-

smart agriculture technologies can help farmers make 

more money. Some of the first effects of climate 

change were good, but the inevitable warming of the 

environment is a bad externality. If the temperature 

goes up more than 3 C, the net effect is bad, and if it 

goes up more than 7 C, the total welfare can go down. 

In 2015, the social cost of carbon emissions is expected 

to be USD 29/tC (tonnes of carbon) and to rise by 2% 

per year [6]. If strategies to slow down climate change 

are put into place, Solomon Island's fishing industry 

would make a lot of money. Climate change will also 

have a big effect on agricultural markets, which will 

cause a 0.26 percent drop in the global GDP [135]. If 

the weather predicted for the 2080s happened today, it 

would cost households between 0.2 and 1% of their 

annual income [64]. With a 1 C rise in the average 

global temperature, both market and non-market 

damages are expected to cost 1.2% of the global GDP 

[65]. If future strategies for reducing the effects of 

climate change are based on how past strategies were 

changed, the world's income is expected to drop by 

23% by 2100, and the gap between rich and poor will 

get bigger [66]. The growth of the world economy is 

expected to slow by 0.28% per year [67]. Table 2 

shows how different climate-smart agriculture 

technologies can help farmers make more money. 
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Table 2. Incremental benefits of climate-smart 

agriculture technologies 

 

Locat

ion 

Crop Climate

-Smart 

Technol

ogy 

Enhance

d 

Efficien

cy 

Increm

ental 

Econo

mic 

Benefit 

Refere

nces 

Nyan

do 

basin 

of 

Keny

a 

Multip

le 

crops 

and 

livesto

ck 

Stress-

tolerant 

crop 

varietie

s 

Increase

d 

househo

ld 

income 

leading 

to 

househo

ld asset 

accumul

ation 

and 

investm

ent 

Increas

ed HH 

income 

by 83% 

[68] 

Vietn

am 

Rice Site-

specific 

nutrient 

manage

ment 

Increase

d partial 

factor 

producti

vity of 

nitrogen 

34 

US$/ha 

[69] 

Sindh

, 

Pakis

tan 

Wheat Laser 

land 

leveling 

Saving 

of 21% 

irrigatio

n water 

and 

reduced 

irrigatio

n time 

INR 

23,250/

acre 

[70] 

Uppe

r 

Gang

etic 

plain

s 

Wheat Site-

specific 

nutrient 

manage

ment 

Increase

d yield 

by 29% 

over 

farmers 

fertilizer 

practice

INR 

68,980/

ha over 

FFP 

[71] 

s (FFP) 

Semi

-arid 

tropic

s of 

India 

Groun

dnut 

Drought

-

tolerant 

varietie

s 

Increase 

in yield 

by 23%, 

lower 

variabili

ty in 

yield, 

increase

d share 

of risk 

benefits 

in total 

benefits 

17% 

reducti

on in 

variabl

e cost 

[72] 

India Eggpla

nt 

Drip 

irrigatio

n 

Reduced 

water, 

electricit

y and 

fertilizer 

use, and 

increase

d returns 

54% 

higher 

net 

returns 

[73] 

 

 

6. Conclusions and Prospects  

A growing population has put a lot of pressure on 

agriculture to make sure that everyone has enough food 

and nutrition. Climate change is making things even 

worse. Even though we don't know exactly what the 

future climate will be like or how it will affect us, 

different studies show that climate change will make 

farming less productive in the coming years. The most 

important parts of climate, like temperature, rainfall, 

and greenhouse gases, have had a big effect on pests, 

soil fertility, irrigation resources, physiology, and the 

way plants use energy. Agricultural sustainability has 

been hurt by climate change, but a number of 

mitigation and adaptation strategies have been made to 

make up for this. Some of these technologies are 

water-smart (laser land leveling, rainwater harvesting, 

micro-irrigation, crop diversification, raised-bed 

planting, direct-seeded rice), nutrient-smart (precision 
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nutrient application, leaf colour charts, crop residue 

management), weather-smart (stress-tolerant varieties, 

ICT-based agrometeorological services), carbon-smart 

(zero tillage, legumes, crop residue management), and 

These technologies reduce the negative effects of 

climate change on crops and make them better suited to 

the climate by reducing the effects that aren't good. On 

both the small and large scales, climate change is 

expected to cause huge economic losses, which can be 

lessened with these steps. But these interventions will 

work better if they are set up at the regional or local 

level. The goal of mitigation and adaptation strategies 

is to raise farmers' incomes without hurting the long-

term viability of agricultural production. The future of 

climate change and its effects is very hard to predict, 

which makes it hard to plan for how to stop or adapt to 

it. This makes it important to come up with climate-

resilient technologies that take into account different 

fields, depending on the area. Along with planned 

agronomic management and crop pest control, the right 

kinds of plants that can adapt to different climates need 

to be created. Farmers need to be taught about different 

climate-smart technologies and given training on how 

to use them in the field. 
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