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Graphical Abstract

• Climate change and rising temperatures are
one of the most important environmental
issues that can affect agriculture and water
resources in an area.
• One of the important consequences of
climate change can be on food security. Food
security depends on climate change because
any change in climate factors directly affects
all food components.
• Due to the importance of climate change on
the structure of the planet and its inhabitants,
in recent years, as one of the most common
topics, has been considered by scientific
societies and many studies have been
conducted to study its effects.
• In the present paper, the effects of climate
change on agriculture and food security were
studied.
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Climate change affects agricultural production and agricultural-related factors such
as food security and economic well-being. Climate and its changes in recent
decades have become one of the most important global issues and one of the major
environmental problems. Agriculture is one of the first sectors to be affected by
these changes; because farmers are unable to control the climate. However,
management and change in factors such as crop cultivation and optimization of
cultivation patterns under the climate of the region, can reduce the adverse effects
of climate change on the growth and yield of agricultural products and play an
important role in sustainable food production. The latest report from the
Intergovernmental Panel for Climate Change (IPCC) estimates that the average
global temperature rise for 2050 will be around 3 °C and at the end of this century
around 4.5 °C, causing significant economic losses at becoming world level. This
article collects information on the subject of climate change, its possible causes, its
forecast in the near future, its impact on the agricultural sector as an impact on
plants and its potential consequences for plant growth and productivity, plant
breeding strategies and examines the adaptation of plants to climate change and the
impact of climate change on food security.
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1. Introduction
According to its general definition, agriculture is an economic activity that is aimed at food production and
as a result, the current and future food security of the world will depend on the success of this activity (Hatab et
al., 2019; Rizal and Anna, 2019). Despite all the scientific and technological advances in increasing the yield and
production of crops, agriculture is highly dependent on climate, therefore, climate diversity and its changes,
both in the short-term (during the growing season) and in the long-term have a decisive contribution to the
success of production (Aggarwal et al., 2019). For this reason, the impact of future climate change on agriculture
and its products has been considered by the international scientific community (O’Neill et al., 2020). Crop
production is projected to decrease in many areas during the 21st century because of climatic changes. This is
illustrated in Fig. 1 which summarises average crop yield projections across all emission scenarios, regions, and
with- or without- adaptation by farmers, showing an increasing trend towards widespread yield decreases
(IPCC, 2014).

Fig. 1. Declining crop yields due to climate change during the 21st century (IPCC, 2014, 5th assessment).
Increasing carbon dioxide (CO2) concentrations and proving the theory of the greenhouse effect, according to
which the type and composition of gases in the atmosphere strongly affect the earth's temperature, are
undeniable facts that have made future climate change possible. Existing scenarios for increasing greenhouse
gas (GHG) concentrations in the atmosphere have provided different estimates of future temperature changes
(Qin et al., 2020). Also, the latest report of the Intergovernmental Panel for Climate Change (IPCC) estimates the
average global temperature increase for 2050 at about 3 °C and the end of this century about 4.5 °C (Sithara et
al., 2020). If the concentration of greenhouse gases increases at the current rate (1.5 ppm per year), the
approximation of most existing models for increasing the average temperature of the earth by 2100 AD is about
4.5˗5.5 °C (Fig. 2) (IPCC, 2014; Rae et al., 2021). Despite the uncertainty in these predictions, it should be
notedthat if the current temperature rises by only 1°C, the earth will reach its warmest temperature in the last
10,000 years (Gentilal and Miranda, 2020).
Accurate prediction of climate change requires the use of acceptable methods with minimal error (Zubaidi et
al., 2020). In this regard, in climate studies, various methods have been used to predict climate change such as
artificial intelligence and various climate methods (Zhang et al., 2021). Due to the importance of the subject,
numerous studies and researches have been done in recent years in all regions of the world. A group of these
studies has dealt with the impact of climate change on the growth and yield of variant crops, including the
Impact of climate change on maize (Zea mays L.) and wheat (Triticum aestivum L.) (Brown and Rosenberg, 1999),
rye (Secale cereal L.) (Chmielewski and Köhn, 2000), potato (Solanum tuberosum L.) and barley (Hordeum vulgare
L.) (Holden et al., 2003), root and tuberous crops. Another group of studies focuses on the impact of climate
change on agricultural production on a national scale (a specific country), examples of which over the past few
decades in Germany (Chmielewski et al., 2004), India (Aggarwal et al., 2019), Egypt (El-Shaer et al., 1996; Yates
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and Strzepek, 1998), Spain (Hill et al., 2001), USA, Canada and Australia (Hill et al., 2001), China (Erda, 1996),
Zimbabwe (Matarira et al., 1996), Kazakhstan (Mizina et al., 1996), Italy (Moonen et al., 2002), Saudi Arabia
(Alkolibi, 2002), as well as larger-scale research in Europe (Ewert et al., 2005) or globally on arid regions (De
Pauw et al., 2000).

Fig. 2. Changes in average ground surface temperature (a), and changes in average rainfall (b), based on model
predictions for 2081-2100 compared to 1986-2005 (IPCC, 2014, 5th assessment).
This article collects information on the subject of climate change, its possible causes, its projection soon, its
impact on the agricultural sector as an impact on plants and its potential consequences for plant growth and
productivity, plant breeding strategies and examines the adaptation of plants to climate change and the impact
of climate change on food security.
2. Possible causes of climate change
Human endeavors to provide a luxurious and modern life have increased greenhouse gases such as CO 2,
methane (CH4), water vapor (H2O) and nitrous oxide (N2O) (Wecking, 2021). Today, greenhouse gases are
naturally concentrated in the atmosphere (Mikhaylov et al., 2020). The human activities that produce
greenhouse gases include the industrial revolution, agricultural activities, animal husbandry, explosions, etc
(Jogdand, 2020). The causes of climate change can be classified into two categories: natural and human causes
(Timpane-Padgham et al., 2017).
2.1. Natural causes
2.1.1. Volcanoes
Recent studies show that radiation energy from greenhouse gases is a major cause of global warming (Hu et
al., 2020). Greenhouse gases also play an important role in understanding the earth's climatic history
(Abdollahbeigi, 2020). According to studies, the greenhouse effect that generates heat by trapping heat plays a
key role in regulating the earth's temperature (Abdollahbeigi, 2020). Human views of volcanoes are often seen
as threatening human lives (Bassey, 2020). The dangers of volcanoes, including lava and volcanic gases, are
always considered during their active phase, and less attention is paid to the positive effects of volcanoes in
their inactive phase (Bankoff, 2021). Previous research has shown that the volcano has changed the climate of
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the region by increasing rainfall and decreasing the environmental temperature, and changing the climate has
changed other environmental parameters of soil, vegetation, surface water and human (Roufou et al., 2021).
2.1.2. Earth's axial tilt
The earth's axis is tilted 23.5 degrees from the surface of its orbit around the Sun (Doran and Martin, 2021).
The change in tilt is due to the change of seasons from summer to winter (Hart et al., 2019). The earth's axis
seems to point to a North Star (Asmuni et al., 2020). The rotation of the earth's axis is very slow and is 0.5
degrees per century (Solheim et al., 2021). About 2500 BC (2500 years ago), the axis of the earth's pole was close
to the Thubanstar (Ghosh, 2020). This gradual change in the direction of the earth's axis is one of the causes of
climate change (Taheri et al., 2021).
2.1.3. Ocean currents
In almost a few decades, climate change can also result from changes within oceanic/atmospheric systems
(Katelaris and Beggs, 2018). One of the most important climate regulators known is the ENSO (El Nino
Southern Oscillation) phenomenon, which includes the El Nino and La Nina phases (Hayashi et al., 2020). In
many regions of the world, ENSO is known as the most important cause of climate change, and this factor
greatly overshadows the climate of regions of the world (Kundzewicz et al., 2019). A key sign of El Nino is the
abnormal temperature rise along both sides of the equator in the Central and Eastern Pacific oceans (Tim et al.,
2017). This current is accompanied by a huge and unusual warming every few years (Piatt et al., 2020).
71% of the earth's surface is covered by the ocean, which has a significant impact on the climate system
(Mikhaylov et al., 2020). Ocean air currents carry huge amounts of heat and cold from one side of the earth to
the other (Melikoglu, 2018). A large amount of heat is released from the ocean as water vapor, which often
releases large amounts of greenhouse gases (Bozorgian, 2020). Undoubtedly, regions of the world are more
affected by ocean currents than anywhere else (Trenberth, 2018). Ocean currents can have a huge impact on
long-distance climates (Fraser et al., 2018). The Peruvian coast and other border areas are directly affected by
the Humboldt current that blows along the Peruvian coastline (Wintersteen, 2021).
2.2. Humancauses
Human climate change occurs much faster than other factors (Cattaneo et al., 2019); the following are some
of these factors.
2.2.1. Industrial Revolution
With the beginning of the industrial revolution in the early 19th century and the increasing growth of human
evolution, various changes have taken place in human life (Tri et al., 2021). Human needs for energy and the
consumption of fossil fuels such as coal, oil and gas have led to an increase in gases such as CO 2 in the
atmosphere (Pareek et al., 2020). As shown in Fig. 3, the concentration of CO2 in the atmosphere increased from
315.98 ppm in 1959 to 411.43 ppm in 2019, and Fig. 4 shows the increase in CO2 emissions during the years 18502020 (Malhi et al., 2021).
CO2 is a good carrier of sunlight, but it partially prevents the return of infrared radiation from earth to space
due to severe cooling of the earth overnight (Chen and Lu, 2020). The increase in carbon dioxide in the
atmosphere is exacerbated by greenhouse gases and is expected to lead to global warming. 57% of global
warming is due to CO2 (Yoro and Daramola, 2020). Methane is another important greenhouse gas in the
atmosphere that is emitted during the drilling of oil wells and coal mines (Woda et al., 2020). Exploration,
production, refining, transportation and storage of oil release methane (Sminchak et al., 2020).
Nitrogen oxides and chlorofluorocarbons are rising in alarm (Smurzyńska et al., 2018). Although
chlorofluorocarbons degrade ozone, their effects are minimal given all the factors of global warming (Abas et
al., 2018). Water vapor is another important greenhouse gas (Jalihal et al., 2019). Rising temperatures, increased
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evaporation and transpiration are other factors in increasing the rate of global warming (Kirschbaum and
McMillan, 2018).

Fig. 3. Increased concentration of CO2 in the atmosphere during the years 1959-2019 (Malhi et al., 2021).

Fig. 4. Increased emissions of CO2 into the atmosphere during the years 1850-2020 (Malhi et al., 2021).
2.2.2. Agriculture Sector
Agricultural activities play an important role in the production of methane and its release into the
atmosphere (Singh et al., 2017). About 0.25 percent of methane emissions come from domestic animals such as
dairy cows, goats, pigs, buffaloes, horses, and sheep (Yu et al., 2018). Methane is also released from rice fields
that have been flooded during growing periods (Davamani et al., 2020). When the soil is flooded with water, it
becomes anaerobic; under these conditions, methane is released into the atmosphere in three different forms
(Conrad, 2020). 81% of it enters the roots and rises from the rice fields, the gas bubbles rise and spread in small
quantities (Hussain et al., 2020).
2.2.3. Transport Sector
Cars, buses, trucks and other vehicles are petrol or diesel (Breuer et al., 2020). The combustion of fossil fuels
leads to an increase in CO2 and hydrogen sulfide into the atmosphere (Liu et al., 2020).CO2 is a major
greenhouse gas, mainly man-made and distributed, rising from 280 ppm before industry growth to 380 ppm
today and is projected to reach 500 ppm by the middle of this century (Bernabeo et al., 2021).
2.2.4. Nuclear weapon
When large destructive weapons explode, a huge amount of energy is released, which immediately causes a
fire (Crutzen and Birks, 2016). The pressure of sudden destruction causes the temperature to rise and is strongly
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affected by radiation (Li et al., 2018). In a nuclear bomb, a crack that occurs in atomic bombs can instantly create
the conditions for high temperatures (Wang, 2020).
2.3. Effects of climate change
Since 1990, a group of scientists from all over the world has come together under the name of the
Intergovernmental Panel for Climate Change (IPCC); They estimated that global warming is real and is
happening today (Devès et al., 2017). Constant changes in climatic parameters lead to maximum and minimum
climates such as high temperatures, floods and drought (Ali et al., 2017). Since the late 19th century, the average
temperature of the earth has risen between 0.3˗0.6 °C and over the past 40 years between 0.2˗0.3 °C (Popov et al.,
2018). Scientists estimate that emissions of man-made greenhouse gases will soon lead to an increase in global
average temperatures of between 1.4˗5.8 °C over the next 100 years (Jogdand, 2020). Predicting global warming
may seem trivial, but it seems faster than anything in the last 10,000 years (Scher and Messori, 2018). The
impacts of climate change are many and serious, including rising sea levels, changes in accessible drinking
water, and an increased risk of severe weather such as floods, droughts, and hurricanes (Taylor, 2020).
2.4. Global warming and its effect on plants
Since the mid-19th century, temperatures have risen by 1.5 °C (Thompson et al., 2018). Increased heat has led
to increased evaporation of the water surface; this increase increases moisture storage capacity, which will
regularly affect water resources, forests, other natural ecosystems, agriculture, tourism, and health (Nowak et
al., 2020). The average global temperature anomaly is shown in Fig. 5 and shows a significant increase in global
temperature compared to the base period average temperature (1901-2000) (Malhi et al., 2021).

Fig. 5. Temperature anomalies on the surface of the earth and the oceans during the years 2000-1801(Malhi et
al., 2021).
Many studies have been done to investigate the impact of climate change on evapotranspiration, water
requirement and plant yield, and due to the different effects of this phenomenon on temperature and
precipitation in different places, different reports have been presented, so that in some of them the decrease In
others, increased yields and water requirements have been reported (Ahmadi et al., 2021). Studies have
examined the effects of climate change on Legumes production in the Maldives, and the results show that
climate change, which has increased global warming, will lead to drought during plant growth periods
(Corobov, 2002). In a study examining the process of evapotranspiration in Taiwan's paddy fields, it was
announced that by 2050, 3˗5% will be added to the evapotranspiration of rice (Yu et al., 2002). A project was
conducted to study the impact of climate change on potatoes in Northern Europe and the results showed that
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climate change will prolong the growing season of potatoes in this region (Haverkort and Verhagen, 2008).
Most Iranian studies are devoted to the impacts of climate change on wheat production (Karimi et al., 2018). As
shown in Table 1, except for chickpeas, other crops are expected to decline significantly under climate change
(Karimi et al., 2018).
Table 1. A review of climate change on crop yields in Iran (Karimi et al., 2018).
Crop
Potato

Period
2050s

Study region
Iran

Chickpea

2100s

Maize
Maize

2100s
2100s

Gonbad (Gn),
Kermanshah (Kr),
Bojnurd (Bj),
Maragheh (Mr)
Khorasan Razavi
Khorasan

Impacts on yield
Without adaptation: Yield ↓ (~48.3%)
With adaptation: Yield ↓ (~13.3%)
With CO2 effect: Yield ↑ (~11.08–49.23%)
T ↑ (2.0–6.0°C) → Yield ↑ (~12.59–59.37%)
in Gn and Kr and Yield ↓ (~2.50%) in Bj and Mr
Yield ↓ (~6.4–42.15%)
Yield ↓ (~1.0–39.0%)

2.5. Effects of global warming on agriculture
Climate is a major determinant of agricultural productivity (Haro-Monteagudo et al., 2018). Concerns about
the potential effects of long-term climate change on agriculture have sparked a wealth of research over the past
decade (Garrett et al., 2021). According to historical evidence, climate change has had a profound effect on the
earth in recent years (Abdollahbeigi, 2020). Climate change will directly affect agricultural performance and
rotation in temperature and rainfall, and indirectly on changes in soil quality, diseases and pests (Costa, 2021).
The effect of climate change on the productivity of different products estimated through different models is
shown in Table 2 (Karimi et al., 2018).
2.6. The effects of climate change on biodiversity
Decreased biodiversity and adverse effects on plant and animal species are other consequences of global
warming (Nunez et al., 2019). Animal migration and vegetation change due to drought and water scarcity cause
changes in the food chain and adverse effects on the ecosystem of the region (Upadhyay, 2020). This problem
also leads to changes in the biodiversity of the aquatic ecosystem in the seas (Mannino et al., 2017). Climate
change also has direct and indirect effects on the lives of birds, which can severely disrupt their life cycle
(Spence and Tingley, 2020). On the other hand, due to global warming, the time of flowering and growth of
plant species has changed compared to the past (Rosbakh et al., 2021). Many animal and plant species are now
extinct due to climate change, and many species of animals are forced to migrate, disrupting the entire
ecosystem of the planet (Upadhyay, 2020). More than half of all living things have been extinct several times in
the history of the planet, but it has taken hundreds of thousands of years to recover (Ceballos et al., 2020).
2.7. Adaptation of plants to climate change
Adaptation of plants to climate change, at different levels in agriculture within the temperature range of
field levels, with changes in planting and harvest days, plowing and rotation of crops or species suitable for
climate change, increasing fertility and use of pesticides and improving irrigation And drainage systems have
been developed (Rivera-ferre et al., 2021).
2.8. Plant breeding for adaptation to climate change
Understanding the impacts of climate change on crops and their impact on crop yield, as well as identifying
adaptation strategies in the agricultural sector in terms of water consumption, production and food security is
important (Nhamo et al., 2019; Schneider and Asch, 2020). Among the methods of adaptation to climate change,
changes in crop type and cultivation pattern and production of cultivars tolerant to environmental stresses play
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an important role (Hussain et al., 2020). Oilseeds are so important among crops that they are the second-largest
food source in the world after cereals (Friedt et al., 2018). Camelina (Camelina sativa L.) is a plant that has been
cultivated in recent years as an oilseed in Iran (Piravi-vanak et al., 2021). Although vegetable oil is mostly
obtained from the processing of oilseeds such as soybean, sunflower, cottonseed, peanut and rapeseed, these
plants have a high water requirement and their cultivation is limited in various aspects such as cultivation
conditions and climatic conditions (Adeleke and Babalola, 2020). The most important advantages of the
camelina oil plant, which is one of the plants that have attracted a lot of attention in recent years, Ability to
plant in autumn and harvest in late April, low water requirements, better adaptation to climate change and
excellent resistance to drought and spring cold (Rahimi et al., 2021).
Table 2. The effects of climate change on the productivity of various crops (Karimi et al., 2018).
Crops

Yield Variation

Cause

Model Used

Location

Yield increase up to 29–32 °C
Corn, soybean,

–30–46% by 2100

Slowest warming scenario

cotton

–63–82% by 2100

Rapid warming scenario

Cotton,

–2–9% by 2050

Medium-high and low GHG

sunflower, wheat

Hadley III model

America
DAYCENT

emissions

Wheat

–6%

Rice

–3.5%

United States of
California’s
Central Valley

Each degree Celsius increase in

Global grid-based, local

Multiple sites of

world’s mean temperature

point-based, statistical

the world

regression and field
warming experiments
Maize

–7.4%

Soybean

–3.1% by 2100

Rainfed corn

–23–34% by 2055

Wheat

–2.1%

Barley

–9.1%

Increasing temperature and

Probability-based

precipitation variability

approach

Central Illinois

Eastern and
northern
Europe

Maize

–24.5%

Maize

–5.8%

Increasing annual temperature

Multi method analysis
with statistical regression

Sugarcane

–3.9%

Sub-Saharan
Africa

Drought-tolerant

+0.7%

Sub-Saharan

sorghum

Africa

Cassava

+1.7%

Wheat

–9%

Rice

–3.7%

Oceania
1°C increase in mean growing

Regression, Kendall-tau

season temperature

statistic, Pearson

China

correlation
Wheat

–10.2%
–10–22%

2.9. Climate change and food security
Climatic elements and factors as well as climate change affect food security in various ways (Zavaleta et al.,
2018). This effect may manifest itself through changes in temperature, precipitation patterns, and
overestimation of climates, ocean warming and acidification, or even diversion in wind patterns that can alter
the transport of pollutants (Pettersson et al., 2020). Rising temperatures and changes in precipitation patterns
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have a direct effect on the activities of bacteria, viruses, parasites, fungi, etc., which in turn will cause specific
diseases in society (Braide et al., 2020). Climate change can also lead to floods and droughts (Watanabe et al.,
2018). Both of these phenomena can destroy the food reserves of an area (Leeson and Harris, 2018). Scientists
predict rising temperatures and unstable rainfall could reduce agricultural productivity in many vulnerable
areas (Martinez-Feria and Basso, 2020). In developing countries, this can deprive millions of people of the
ability to produce or buy enough food (Matemilola, 2017).
3. Conclusion
Population growth has put a lot of pressure on agriculture to ensure the world's food and nutrition security,
which is getting worse with climate change. Despite uncertainties about the future climate scenario and its
possible effects, various studies report that climate change will reduce agricultural productivity in the coming
years. Key climate factors, namely temperature, precipitation, and greenhouse gases, significantly inhibit pest
infestation, soil fertility, irrigation resources, physiology, and plant metabolic activities. The future of climate
change and its effects are highly unpredictable, complicating planning for mitigation and adaptation. This
requires the development of climate-resistant technologies that include an interdisciplinary approach to the
region. Appropriate varieties must be developed that can adapt to climate change, along with planned crop
management and crop pest control. Farmers need to be trained in various smart climate technologies and
trained to facilitate their use at the field level.
References
Abas, N., Kalair, A.R., Khan, N., Haider, A., Saleem, Z., Saleem, M.S., 2018. Natural and synthetic refrigerants,
global warming: A review. Renew. Sust. Energ. Rev., 90, 557-569. https://doi.org/10.1016/j.rser.2018.03.099
Abdollahbeigi, M., 2020. Non-climatic factors causing climate change. J. Chem. Rev., 2(4), 292-308.
https://doi.org/10.22034/jcr.2020.249615.1087
Adeleke, B.S., Babalola, O.O., 2020. Oilseed crop sunflower (Helianthus annuus) as a source of food: Nutritional
and health benefits. Food Sci. Nutr., 8(9), 4666-4684. https://doi.org/10.1002/fsn3.1783
Aggarwal, P., Vyas, S., Thornton, P., Campbell, B.M., Kropff, M., 2019. Importance of considering technology
growth

in

impact

assessments

of

climate

change

on

agriculture. Glob.

Food

Sec., 23,

41-48.

https://doi.org/10.1016/j.gfs.2019.04.002
Ahmadi, M., Etedali, H.R., Elbeltagi, A., 2021. Evaluation of the effect of climate change on maize water
footprint

under

RCPs

scenarios

in

Qazvin

plain,

Iran. Agric.

Water

Manag., 254,

106969.

https://doi.org/10.1016/j.agwat.2021.106969
Ali, S., Liu, Y., Ishaq, M., Shah, T., Ilyas, A., Din, I.U., 2017. Climate change and its impact on the yield of major
food crops: Evidence from Pakistan. Foods, 6(6), 39. https://doi.org/10.3390/foods6060039
Alkolibi, F.M., 2002. Possible effects of global warming on agriculture and water resources in Saudi Arabia:
impacts and responses. Clim. Change., 54(1), 225-245.https://doi.org/10.1023/A:1015777403153
Asmuni, A., Matsum, H., Muttaqin, I., 2020. The true north urgency of the earth in determining the direction of
the

Qibla

according

to

Fiqh

and

Falak

science.

Human.

Soc.

Sci., 3(4),

3353-3358.

https://doi.org/10.33258/birci.v3i4.1369
Bankoff, G., 2021. Talking about volcanoes: Institutional narratives, the nature of risk, and Mount Mayon in the
Philippines. Disasters.https://doi.org/10.1111/disa.12499
Bassey, S.A., 2020. Technology, environmental sustainability and the ethics of anthropoholism1. Soc. Space J., 85110.
Bernabeo, R.A., Paleologos, E.K., Mohamed, A.M.O., 2021. Tropospheric air pollution-aviation industry's case.
Pollut. Assess. Sustain. Pract. Applied Sci. Eng., 583-637. https://doi.org/10.1016/B978-0-12-809582-9.00011-6
Bozorgian, A., 2020. Investigation of the history of formation of gas hydrates. J. Eng. Ind. Res., 1(1), 1-19.
https://doi.org/10.22034/JEIRES.2020.260854.1000
192

Mirzaei et al.,

Cent Asian J Environ Sci Technol Innov 5 (2021) 184-197

Braide, W., Justice-Alucho, C.H., Ohabughiro, N., Adeleye, S.A., 2020. Global climate change and changes in
disease

distribution:

a

review

in

retrospect. Int.

J.

Adv.

Res.

Biol.

Sci., 7(2),

32-46.

http://dx.doi.org/10.22192/ijarbs.2020.07.02.004
Breuer, J.L., Samsun, R.C., Peters, R., Stolten, D., 2020. The impact of diesel vehicles on NOx and PM10
emissions from road transport in urban morphological zones: A case study in North Rhine-Westphalia,
Germany. Sci. Total Environ., 727, 138583.https://doi.org/10.1016/j.scitotenv.2020.138583
Brown, R.A., Rosenberg, N.J., 1999. Climate change impacts on the potential productivity of corn and winter
wheat

in

their

primary

United

States

growing

regions. Clim.

Change., 41(1),

73-107.

https://doi.org/10.1023/A:1005449132633
Cattaneo, C., Beine, M., Fröhlich, C.J., Kniveton, D., Martinez-Zarzoso, I., Mastrorillo, M., Millock, K., Piguet, E.,
Schraven, B., 2019. Human migration in the era of climate change. Rev. Environ. Econ. Policy., 13(2), 189-206.
https://doi.org/10.1093/reep/rez008
Ceballos, G., Ehrlich, P.R., Raven, P.H., 2020. Vertebrates on the brink as indicators of biological annihilation
and

the

sixth

mass

extinction. Proc.

Natl.

Acad.

Sci., 117(24),

13596-13602.

https://doi.org/10.1073/pnas.1922686117
Chen, J., Lu, L., 2020. Development of radiative cooling and its integration with buildings: A comprehensive
review. Sol. Energy., 212, 125-151.https://doi.org/10.1016/j.solener.2020.10.013
Chmielewski, F.M., Köhn, W., 2000. Impact of weather on yield components of winter rye over 30 years. Agric.
For. Meteorol., 102(4), 253-261.https://doi.org/10.1016/S0168-1923(00)00125-8
Chmielewski, F.M., Müller, A., Bruns, E., 2004. Climate changes and trends in phenology of fruit trees and field
crops in Germany, 1961–2000. Agric. For. Meteorol., 121(1-2), 69-78.https://doi.org/10.1016/S0168-1923(03)00161-8
Conrad, R., 2020. Methane production in soil environments—Anaerobic biogeochemistry and microbial life
between flooding and desiccation. Microorganisms, 8(6), 881.https://doi.org/10.3390/microorganisms8060881
Corobov, R., 2002. Estimations of climate change impacts on crop production in the Republic of
Moldova. GeoJournal, 57(3), 195-202.https://doi.org/10.1023/B:GEJO.0000003612.11530.bf
Costa, A., 2021. Adapting cropping systems to climate change-a literature review.
Crutzen, P.J., Birks, J.W., 2016. The atmosphere after a nuclear war: Twilight at noon. Paul J. Crutzen: A Pioneer
Atmosphere. Chem. Climate Change Anthropocene, 125-152. https://doi.org/10.1007/978-3-319-27460-7_5
Davamani, V., Parameswari, E., Arulmani, S., 2020. Mitigation of methane gas emissions in flooded paddy soil
through

the

utilization

of

methanotrophs. Sci.

Total

Environ., 726,

138570.

https://doi.org/10.1016/j.scitotenv.2020.138570
De Pauw, E., Göbel, W., Adam, H., 2000. Agrometeorological aspects of agriculture and forestry in the arid
zones. Agric. For. Meteorol., 103(1-2), 43-58.https://doi.org/10.1016/S0168-1923(00)00118-0
Devès, M.H., Lang, M., Bourrelier, P.H., Valérian, F., 2017. Why the IPCC should evolve in response to the
UNFCCC bottom-up strategy adopted in Paris? An opinion from the French Association for Disaster Risk
Reduction. Environ. Sci. Policy., 78, 142-148.https://doi.org/10.1016/j.envsci.2017.10.001
Doran, Y.J., Martin, J.R., 2021. Field relations: Understanding scientific explanations. Teach. Sci.,, 105-133. ISBN:
9781351129282 https://doi.org/10.4324/9781351129282-7
El-Shaer, M.H., Eid, H.M., Rosenzweig, C., Iglesias, A., Hillel, D., 1996. Agricultural adaptation to climate
change in Egypt. Adapt. Climate Change, 109-127. https://doi.org/10.1007/978-1-4613-8471-7_11
Erda, L., 1996. Agricultural vulnerability and adaptation to global warming in China. Water Air Soil
Pollut., 92(1), 63-73.https://doi.org/10.1007/BF00175553
Ewert, F., Rounsevell, M.D.A., Reginster, I., Metzger, M.J., Leemans, R., 2005. Future scenarios of European
agricultural land use: I. Estimating changes in crop productivity. Agric. Ecosys. Environ., 107(2-3), 101-116.
https://doi.org/10.1016/j.agee.2004.12.003

193

Cent Asian J Environ Sci Technol Innov 5 (2021) 184-197

Mirzaei et al.,

Fraser, C.I., Morrison, AK., Hogg, A.M., Macaya, E.C., van Sebille, E., Ryan, P.G., Padovan, A., Jac, C., Valdivia,
N., Waters, J.M., 2018. Antarctica’s ecological isolation will be broken by storm-driven dispersal and
warming. Nat. clim. chang., 8(8), 704-708.https://doi.org/10.1038/s41558-018-0209-7
Friedt, W., Tu, J., Fu, T., 2018. Academic and economic importance of Brassica napus rapeseed. Brassica Napus
Genome,1-20. https://doi.org/10.1007/978-3-319-43694-4_1
Garrett, K.A., Nita, M., De Wolf, E.D., Esker, P.D., Gomez-Montano, L., Sparks, A.H., 2021. Plant pathogens as
indicators of climate change. Climate Change, 499-513. https://doi.org/10.1016/B978-0-12-821575-3.00024-4
Gentilal, N., Miranda, P.C., 2020. Heat transfer during TTFields treatment: Influence of the uncertainty of the
electric and thermal parameters on the predicted temperature distribution. Comput. Methods Programs
Biomed., 196, 105706.https://doi.org/10.1016/j.cmpb.2020.105706
Ghosh, A., 2020. Rudiments of Positional Astronomy and Archaeoastronomy. Descriptive Archaeoastronomy
Ancient Indian Chronology, 11-41. https://doi.org/10.1007/978-981-15-6903-6_2
Haro-Monteagudo, D., Daccache, A., Knox, J., 2018. Exploring the utility of drought indicators to assess climate
risks

to

agricultural

productivity

in

a

humid

climate. Hydrol.

Res., 49(2),

539-551.

https://doi.org/10.2166/nh.2017.010
Hart, J.K., Martinez, K., Basford, P.J., Clayton, A.I., Robson, B.A., Young, D.S., 2019. Surface melt driven
summer diurnal and winter multi-day stick-slip motion and till sedimentology. Nat. Commun., 10(1), 1-11.
https://doi.org/10.1038/s41467-019-09547-6
Hatab, A.A., Cavinato, M.E.R., Lagerkvist, C.J., 2019. Urbanization, livestock systems and food security in
developing

countries:

A

systematic

review

of

the

literature. Food

Sec., 11(2),

279-299.

https://doi.org/10.1007/s12571-019-00906-1
Haverkort, A.J., Verhagen, A., 2008. Climate change and its repercussions for the potato supply chain. Potato
Res., 51(3), 223-237.https://doi.org/10.1007/s11540-008-9107-0
Hayashi, M., Jin, F.F., Stuecker, M.F., 2020. Dynamics for El Niño-La Niña asymmetry constrain equatorialPacific warming pattern. Nat. Commun., 11(1), 1-10.https://doi.org/10.1038/s41467-020-17983-y
Hill, H.S., Butler, D., Fuller, S.W., Hammer, G., Holzworth, D., Love, H.A., Meinke, H., Mjelde, J.W., Park, J.,
Rosenthal, W., 2001. Effects of seasonal climate variability and the use of climate forecasts on wheat supply in
the

United

States,

Australia,

and

Canada. Impacts

El-Nino

Climate

Variable.

Agric., 63,

101-123.

https://doi.org/10.2134/asaspecpub63.ch7
Holden, N.M., Brereton, A.J., Fealy, R., Sweeney, J., 2003. Possible change in Irish climate and its impact on
barley and potato yields. Agric. For. Meteorol., 116(3-4), 181-196.https://doi.org/10.1016/S0168-1923(03)00002-9
Hu, X., Fan, H., Cai, M., Sejas, S.A., Taylor, P., Yang, S., 2020. A less cloudy picture of the inter-model spread in
future global warming projections. Nat. Commun., 11(1), 1-11.https://doi.org/10.1038/s41467-020-18227-9
Hussain, S., Huang, J., Huang, J., Ahmad, S., Nanda, S., Anwar, S., Shakoor, A., Zhu, Ch., Zhu, L., Cao, X., Jin,
Q., Zhang, J., 2020. Rice production under climate change: Adaptations and mitigating strategies. Environ.
Climate Plant Veget. Growth, 659-686. https://doi.org/10.1007/978-3-030-49732-3_26
Jalihal, C., Srinivasan, J., Chakraborty, A., 2019. Modulation of Indian monsoon by water vapor and cloud
feedback over the past 22,000 years. Nat. Commun., 10(1), 1-8.https://doi.org/10.1038/s41467-019-13754-6
Jogdand, O.K., 2020. Study on the Effect of Global Warming and Greenhouse Gases on Environmental System.
Green Chem. Sustain. Technol., 275-306. https://doi.org/10.1201/9780367808310-12
Karimi, V., Karami, E., Keshavarz, M., 2018. Climate change and agriculture: Impacts and adaptive responses in
Iran. J. Integr. Agric., 17(1), 1-15. https://doi.org/10.1016/S2095-3119(17)61794-5
Katelaris, C.H., Beggs, P.J., 2018. Climate change: allergens and allergic diseases. Intern. Med. J., 48(2), 129-134.
https://doi.org/10.1111/imj.13699
Kirschbaum, M.U., McMillan, A.M., 2018. Warming and Elevated CO2 Have Opposing Influences on
Transpiration. Which is more Important? Curr. forestry rep., 4(2), 51-71. https://doi.org/10.1007/s40725-018-0073-8

194

Mirzaei et al.,

Cent Asian J Environ Sci Technol Innov 5 (2021) 184-197

Kundzewicz, Z.W., Szwed, M., Pińskwar, I., 2019. Climate variability and floods-A global review. Water, 11(7),
1-24.https://doi.org/10.3390/w11071399
Leeson,

P.T.,

Harris,

C.,

2018.

Wealth-destroying

private

property

rights. World

Dev., 107,

1-9.

https://doi.org/10.1016/j.worlddev.2018.02.013
Li, Z., Yin, S., Niu, Y., Cheng, F., Liu, S., Kong, Y., Sun, Y., Wei, Y., 2018. Experimental study on the infrared
thermal imaging of a coal fracture under the coupled effects of stress and gas. J. Nat. Gas Sci.Eng., 55, 444-451.
https://doi.org/10.1016/j.jngse.2018.05.019
Liu, D., Li, B., Wu, J., Liu, Y., 2020. Sorbents for hydrogen sulfide capture from biogas at low temperature: a
review. Environ. Chem. Lett., 18(1), 113-128.https://doi.org/10.1007/s10311-019-00925-6
Malhi, G.S., Kaur, M., Kaushik, P., 2021. Impact of climate change on agriculture and its mitigation strategies: A
review. Sustainability, 13(3), 1318.https://doi.org/10.3390/su13031318
Mannino, A.M., Balistreri, P., Deidun, A., 2017. The marine biodiversity of the Mediterranean Sea in a changing
climate: the impact of biological invasions. Mediterrane. Ident. Environ. Soc. Cult., 101-127.
https://dx.doi.org/10.5772/intechopen.69214
Martinez-Feria, R.A., Basso, B., 2020. Unstable crop yields reveal opportunities for site-specific adaptations to
climate variability. Sci. rep., 10(1), 1-10.https://doi.org/10.1038/s41598-020-59494-2
Matarira, C.H., Mwamuka, F.C., Makadho, J.M., 1996. Adaptive Measures for Zimbabwe’s Agricultural Sector.
Adapt. Climate Change, 128-147. https://doi.org/10.1007/978-1-4613-8471-7_12
Matemilola, S., 2017. The challenges of food security in Nigeria. Open Access Library Journal, 4(12), 1.
https://doi.org/10.4236/oalib.1104185
Melikoglu, M., 2018. Current status and future of ocean energy sources: A global review. Ocean Eng., 148, 563573.https://doi.org/10.1016/j.oceaneng.2017.11.045
Mikhaylov, A., Moiseev, N., Aleshin, K., Burkhardt, T., 2020. Global climate change and greenhouse
effect. Entrepreneurship Sustain. Issues, 7(4), 2897.https://doi.org/10.9770/jesi.2020.7.4(21)
Mizina, S.V., Eserkepova, I.B., Pilifosova, O.V., Dolgih, S.A., Gossen, E.F., 1996. Model-based climate change
vulnerability and adaptation assessment for wheat yields in Kazakhstan. Adapt. Climate Change, 148-163.
https://doi.org/10.1007/978-1-4613-8471-7_13
Moonen, A.C., Ercoli, L., Mariotti, M., Masoni, A., 2002. Climate change in Italy indicated by agrometeorological
indices over 122 years. Agric.For. Meteorol., 111(1), 13-27.
https://doi.org/10.1016/S0168-1923(02)00012-6
Nhamo, L., Matchaya, G., Mabhaudhi, T., Nhlengethwa, S., Nhemachena, C., Mpandeli, S., 2019. Cereal
production trends under climate change: Impacts and adaptation strategies in southern Africa. Agriculture, 9(2),
30. https://doi.org/10.3390/agriculture9020030
Nowak, D.J., Coville, R., Endreny, T., Abdi, R., Van Stan II, J.T., 2020. Valuing Urban Tree Impacts on
Precipitation Partitioning. Precipitation Partitioning by Vegetation, 253-268. https://doi.org/10.1007/978-3-03029702-2_15
Nunez, S., Arets, E., Alkemade, R., Verwer, C., Leemans, R., 2019. Assessing the impacts of climate change on
biodiversity: is below 2° C enough? Clim. Change., 154(3), 351-365.https://doi.org/10.1007/s10584-019-02420-x
O’Neill, B.C., Carter, T.R., Ebi, K., Harrison, P.A., Kemp-Benedict, E., Kok, K., Kriegler, E., Preston, B.L., Riahi,
K., Sillmann, J., van Ruijven, B.J., van Vuuren, D., Carlisle, D., Conde, C., Fuglestvedt, J., Green, C., Hasegawa,
T., Leininger, J., Monteith, S., Pichs-Madruga, R., 2020. Achievements and needs for the climate change scenario
framework. Nat. Clim. Change., 10(12), 1074-1084. https://doi.org/10.1038/s41558-020-00952-0
Pareek, A., Dom, R., Gupta, J., Chandran, J., Adepu, V., Borse, P.H., 2020. Insights into renewable hydrogen
energy:
Recent
advances
and
prospects. Mat.
Sci.
Energy
Technolog., 3,
319-327.
https://doi.org/10.1016/j.mset.2019.12.002
Pettersson, L.H., Kjelaas, A.G., Kovalevsky, D.V., Hasselmann, K., 2020. Climate change impact on the arctic
economy. Sea Ice Arctic,465-506. https://doi.org/10.1007/978-3-030-21301-5_11
Piatt, J.F., Parrish, J.K., Renner, H.M., Schoen, S.K., Jones, T.T., Arimitsu, M.L., Kuletz, K.J., Bodenstein,
B.,García-Reyes, M., Duerr, R.S., Corcoran, R.M., Kaler, R.S.A., McChesney, G.J., Golightly, R.T., Coletti, H.A.,
Suryan, R.M., Burgess, H.K., Lindsey, J., Lindquist, K., Warzybok, P.M., Jahncke, J., Roletto, J., Sydeman, W.J.,
2020. Extreme mortality and reproductive failure of common murres resulting from the northeast Pacific marine
heatwave of 2014-2016. PLoS One., 15(1), e0226087.https://doi.org/10.1371/journal.pone.0226087

195

Cent Asian J Environ Sci Technol Innov 5 (2021) 184-197

Mirzaei et al.,

Piravi-vanak, Z., Azadmard-Damirchi, S., Kahrizi, D., Mooraki, N., Ercisli, S., Savage, G.P., Rostami
Ahmadvandi, H., Martinez, F., 2021. Physicochemical properties of oil extracted from camelina (Camelina
sativa) seeds as a new source of vegetable oil in different regions of Iran. J. Mol. Liq., 117043.
https://doi.org/10.1016/j.molliq.2021.117043
Popov, T., Gnjato, S., Trbić, G., Ivanišević, M., 2018. Recent trends in extreme temperature indices in Bosnia and
Herzegovina. Carpathian J. Earth Environ. Sci., 13(1), 211-224. https://doi.org/10.26471/cjees/2018/013/019
Qin, P., Xu, H., Liu, M., Xiao, C., Forrest, K.E., Samuelsen, S., Tarroja, B., 2020. Assessing concurrent effects of
climate change on hydropower supply, electricity demand, and greenhouse gas emissions in the Upper Yangtze
River Basin of China. Appl. Energy., 279, 115694.https://doi.org/10.1016/j.apenergy.2020.115694
Rae, J.W., Zhang, Y.G., Liu, X., Foster, G.L., Stoll, H.M., Whiteford, R.D., 2021. Atmospheric CO2 over the Past
66
Million
Years
from
Marine
Archives. Annu.
Rev.
Earth
Planet.
Sci., 49,
609-641.
https://doi.org/10.1146/annurev-earth-082420-063026
Rahimi, T., Kahrizi, D., Feyzi, M., Ahmadvandi, H.R., Mostafaei, M., 2021. Catalytic performance of
MgO/Fe2O3-SiO2 core-shell magnetic nanocatalyst for biodiesel production of Camelina sativa seed oil:
Optimization by RSM-CCD method. Ind. Crops Prod., 159, 113065.https://doi.org/10.1016/j.indcrop.2020.113065
Rivera-ferre, M.G., Di Masso, M., Vara, I., Cuellar, M., López-i-Gelats, F., Bhatta, G.D., Gallar, D., 2021.
Traditional agricultural knowledge in land management: the potential contributions of ethnographic research to
climate change adaptation in India, Bangladesh, Nepal, and Pakistan. Clim. Dev., 1-18.
https://doi.org/10.1080/17565529.2020.1848780
Rizal, A., Anna, Z., 2019. Climate change and its possible food security implications toward Indonesian marine
and fisheries. World News Nat. Sci., 22, 119-128.
Rosbakh, S., Hartig, F., Sandanov, D.V., Bukharova, E.V., Miller, T.K., Primack, R.B., 2021. Siberian plants shift
their
phenology
in
response
to
climate
change. Glob.
Chang.
Biol.,
27(18),
44354448.https://doi.org/10.1111/gcb.15744
Roufou, S., Griffin, S., Katsini, L., Polańska, M., Van Impe, J.F., Valdramidis, V.P., 2021. The (potential) impact of
seasonality and climate change on the physicochemical and microbial properties of dairy waste and its
management. Trends Food Sci. Technol., 116, 1-10. https://doi.org/10.1016/j.tifs.2021.07.008
Scher, S., Messori, G., 2018. Predicting weather forecast uncertainty with machine learning. Q. J. R. Meteorol.
Soc., 144(717), 2830-2841. https://doi.org/10.1002/qj.3410
Schneider, P., Asch, F., 2020. Rice production and food security in Asian Mega deltas-A review on
characteristics, vulnerabilities and agricultural adaptation options to cope with climate change. J. Agron. Crop
Sci., 206(4), 491-503. https://doi.org/10.1111/jac.12415
Singh, C., Tiwari, S., Boudh, S., Singh, J.S., 2017. Biochar application in management of paddy crop production
and methane mitigation. Agro-Environ. Sustain., 123-145. https://doi.org/10.1007/978-3-319-49727-3_7
Sithara, S., Pramada, S.K., Thampi, S.G., 2020. Impact of projected climate change on seawater intrusion on a
regional coastal aquifer. J. Earth Syst. Sci., 129(1), 1-15.https://doi.org/10.1007/s12040-020-01485-y
Sminchak, J.R., Mawalkar, S., Gupta, N., 2020. Large CO2 Storage volumes result in net negative emissions for
greenhouse gas life cycle analysis based on records from 22 Years of CO2-Enhanced Oil Recovery
operations. Energy Fuels, 34(3), 3566-3577.https://doi.org/10.1021/acs.energyfuels.9b04540
Smurzyńska, A., Czekała, W., Hektus, P., Marks, S., Mazurkiewicz, J., Brzoski, M., Chełkowski, D., Kozłowski,
K., 2018. Poznań air pollution analysis for 2015–2017. J. Ecol. Eng., 19(6).https://doi.org/10.12911/22998993/91878
Solheim, J.E., Falk-Petersen, S., Humlum, O., Mö, N.A., 2021. Changes in Barents Sea Ice Edge Positions in the
Last 442 Years. Part 2: Sun, Moon and Planets. Int. J. Astron. Astrophys., 11(2), 279-341.
https://doi.org/10.4236/ijaa.2021.112015
Spence, A.R., Tingley, M.W., 2020. The challenge of novel abiotic conditions for species undergoing climate‐
induced range shifts. Ecography, 43(11), 1571-1590. https://doi.org/10.1111/ecog.05170
Taheri, S., Naimi, B., Rahbek, C., Araújo, M.B., 2021. Improvements in reports of species redistribution under
climate change are required. Sci. Adv., 7(15), eabe1110.https://doi.org/10.1126/SCIADV.ABE1110
Taylor, S., 2020. Anxiety disorders, climate change, and the challenges ahead: Introduction to the special issue. J.
Anxiety Disord., 76, 102313.https://doi.org/10.1016/j.janxdis.2020.102313
Thompson, L.G., Yao, T., Davis, M.E., Mosley-Thompson, E., Wu, G., Porter, S.E., Xu, B., Lin, P.N., Wang, N.,
Beaudon, E., Duan, K., Sierra-Hernández, M.R., Kenny, D.V., 2018. Ice core records of climate variability on the
Third Pole with emphasis on the Guliya ice cap, western Kunlun Mountains. Quat. Sci. Rev., 188, 1-14.
https://doi.org/10.1016/j.quascirev.2018.03.003
196

Mirzaei et al.,

Cent Asian J Environ Sci Technol Innov 5 (2021) 184-197

Tim, L., Bin, W., Bo, W.U., Tianjun, Z.H.O.U., Chang, C.P., Zhang, R., 2017. Theories on formation of an
anomalous anticyclone in western North Pacific during El Niño: A review. J. Meteor. Res., 31(6), 987-1006.
https://doi.org/10.1007/s13351-017-7147-6
Timpane-Padgham, B.L., Beechie, T., Klinger, T., 2017. A systematic review of ecological attributes that confer
resilience
to
climate
change
in
environmental
restoration. PLoS
One., 12(3),
e0173812.
https://doi.org/10.1371/journal.pone.0173812
Trenberth, K.E., 2018. Climate change caused by human activities is happening and it already has major
consequences. J. Energy Nat. Resour. Law., 36(4), 463-481. https://doi.org/10.1080/02646811.2018.1450895
Tri, N M., Hoang, P.D., Dung, N.T., 2021. Impact of the industrial revolution 4.0 on higher education in
Vietnam: challenges and opportunities. Ling. Cu. Re., 5(S3), 1-15. https://doi.org/10.37028/lingcure.v5nS3.1350
Upadhyay, R.K., 2020. Markers for global climate change and its impact on social, biological and ecological
systems: A review. Am. J. Climate. Change., 9(03), 159-203.https://doi.org/10.4236/ajcc.2020.93012
Wang, J.A., 2020. Solving the Mystery of the Tunguska Explosion. J. Mod. Phys., 11(6), 779-787.
https://doi.org/10.4236/jmp.2020.116050
Watanabe, T., Cullmann, J., Pathak, C.S., Turunen, M., Emami, K., Ghinassi, G., Siddiqi, Y., 2018. Management
of climatic extremes with focus on floods and droughts in agriculture. Irrig. Drain., 67(1), 29-42.
https://doi.org/10.1002/ird.2204
Wecking, A.R., 2021. Paddock scale nitrous oxide emissions from intensively grazed pasture: Quantification and
mitigation. University of Waikato.
Wintersteen, K.A., 2021. 4. The Golden Anchoveta: The Making of the World’s Largest Single-Species Fishery in
Chimbote, Peru. Fishmeal Revolution, 59-75. https://doi.org/10.1525/9780520976825-008
Woda, J., Wen, T., Lemon, J., Marcon, V., Keeports, C.M., Zelt, F., Steffy, L.Y., Brantley, S.L., 2020. Methane
concentrations in streams reveal gas leak discharges in regions of oil, gas, and coal development. Sci. Total
Environ., 737, 140105.https://doi.org/10.1016/j.scitotenv.2020.140105
Yates, D.N., Strzepek, K.M., 1998. An assessment of integrated climate change impacts on the agricultural
economy of Egypt. Clim. Change., 38(3), 261-287.https://doi.org/10.1023/A:1005364515266
Yoro, K.O., Daramola, M.O., 2020. CO2 emission sources, greenhouse gases, and the global warming effect.
In Advances in carbon capture. Woodhead Publishing,3-28. https://doi.org/10.1016/B978-0-12-819657-1.00001-3
Yu, J., Peng, S., Chang, J., Ciais, P., Dumas, P., Lin, X., Piao, S., 2018. Inventory of methane emissions from
livestock in China from 1980 to 2013. Atmos. Environ., 184, 69-76.https://doi.org/10.1016/j.atmosenv.2018.04.029
Yu, P.S., Yang, T.C., Chou, C.C., 2002. Effects of climate change on evapotranspiration from paddy fields in
southern Taiwan. Clim. Change, 54(1), 165-179. https://doi.org/10.1023/A:1015764831165
Zavaleta, C., Berrang-Ford, L., Ford, J., Llanos-Cuentas, A., Carcamo, C., Ross, N.A., Lancha, G.,Sherman, M.,
Harper, Sh.L., Indigenous Health and Adaption to Climate Change Research Group., 2018. Multiple nonclimatic drivers of food insecurity reinforce climate change maladaptation trajectories among Peruvian
Indigenous Shawi in the Amazon. PloS One., 13(10), e0205714.https://doi.org/10.1371/journal.pone.0205714
Zhang, P., Guo, Z., Ullah, S., Melagraki, G., Afantitis, A., Lynch, I., 2021. Nanotechnology and artificial
intelligence to enable sustainable and precision agriculture. Nat. Plants., 1-13.https://doi.org/10.1038/s41477-02100946-6
Zubaidi, S.L., Ortega-Martorell, S., Al-Bugharbee, H., Olier, I., Hashim, K.S., Gharghan, S.K., Kot, P., AlKhaddar, R., 2020. Urban water demand prediction for a city that suffers from climate change and population
growth: Gauteng province case study. Water, 12(7), 1885.https://doi.org/10.3390/w12071885
© 2020 by the authors. Submitted for possible open access publication under the terms
and

conditions

of

the

Creative

Commons

Attribution

(CC

BY)

license

(https://creativecommons.org/licenses/by/4.0/).
How to cite this paper:
Sepideh Mirzaei, S., Kahrizi, D., Hassan, S.S., 2021. Climate change impacts on agriculture and food security;
a global overview. Cent. Asian J. Environ. Sci. Technol. Innov., 2(5), 184-197.

197

