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ABSTRACT

This paper has a comprehensive review of different research papers, reports, and articles
associated with the impacts of climatic parameters' variability, mainly temperature and
rainfall, on agricultural productivity and variability. Agriculture is the most vulnerable eco-
nomic field to climate change. According to the most recent projections, the farmers' ad-
aptation of farm development to climate change is imminent. The climate attributes that
most directly impact agricultural production are expected to increase temperatures, evolv-
ing precipitation frequency, intensity, and growing photosynthesis CO:2 levels. This paper
analyses climate change economic costs in the last thirty years of Indian agricultural pro-
duction and examines the impacts on policymakers and agricultural science. Results show
that adaptive activities have a significant and beneficial effect on productivity; irrigation
improvement has been the method with the highest impact on productivity. Empirical evi-
dence indicates that climate change already exists and has a significant effect on agricul-
tural production. To sustain their quality of living, farmers must adjust to the predicted
impacts of climate change. Adapting agriculture to climate change requires both crop re-
structuring and improvements in agricultural practices. Climate change adaptation is nec-
essary to maintain and encourage growth in agricultural productivity and empirical evi-
dence for site-specific policymaking. This research, therefore, analyses the effect on the
efficiency of adaptation to climate change. Empirical findings indicate the importance of
transformation to farmers' productivity to climate change and enrich discussions on adopt-
ing adaptation measures.
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RESUMEN

Este articulo tiene una revisién integral de diferentes trabajos de investigacion, informes
y articulos asociados con los impactos de la variabilidad de los parametros climaticos,
principalmente la temperatura y la lluvia, sobre la productividad y la variabilidad agricola.
La agricultura es el campo econdmico mas vulnerable al cambio climatico. Segun las pro-
yecciones mas recientes, la adaptacion de los agricultores del desarrollo agricola al cambio
climatico es inminente. Se espera que los atributos climaticos que impactan mas directa-
mente en la produccidn agricola aumenten las temperaturas, evolucionen la frecuencia e
intensidad de la precipitacion y aumenten los niveles de CO:> de la fotosintesis. Este articulo
analiza los costos econdmicos del cambio climatico en los Ultimos treinta afios de la pro-
duccidn agricola de la India y examina los impactos sobre los responsables de la formula-
cion de politicas y la ciencia agricola. Los resultados muestran que las actividades de
adaptacion tienen un efecto significativo y beneficioso sobre la productividad; La mejora
del riego ha sido el método con mayor impacto en la productividad. La evidencia empirica
indica que el cambio climatico ya existe y tiene un efecto significativo en la produccién
agricola. Para mantener su calidad de vida, los agricultores deben adaptarse a los impactos
previstos del cambio climatico. La adaptacion de la agricultura al cambio climatico requiere
tanto la reestructuracién de cultivos como mejoras en las practicas agricolas. La adapta-
cién al cambio climatico es necesaria para mantener y fomentar el crecimiento de la pro-
ductividad agricola y la evidencia empirica para la formulacién de politicas especificas del
sitio. Esta investigacion, por tanto, analiza el efecto sobre la eficiencia de la adaptacién al
cambio climatico. Los hallazgos empiricos indican la importancia de la transformacién de
la productividad de los agricultores al cambio climatico y enriquecen las discusiones sobre

la adopcién de medidas de adaptacion.

Palabras clave: productividad agricola, rendimiento de cultivos, cambio climatico, variabi-

lidad climatica.

INTRODUCTION

India is in South Asia and has over 1.2 billion people, making it the second-most populous
country globally. In the last four decades, the country has made tremendous progress in
food production and availability. However, large numbers of people are still food insecure
and malnourished. India covers several climate regions: wet, dry, or humid tropical south,
but rugged alpine mountain ranges in the Himalayan north. Today India is in terms of

agricultural production the second largest country in the world. Around 180 million hec-
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tares of land for agriculture, 60.5% of the total land area. The sector accounts for approx-
imately 14% of the real GDP and hires over 50% of its workers. While agriculture is stead-
ily decreasing in contribution to total GDP, agriculture is the largest industry in India and
plays a significant role in its socio-economic growth. About 35 percent of India's whole
agricultural land is irrigated, and the rainfall depends entirely on two-thirds of the grown
land. The country's agricultural production system is more vulnerable to severe weather
damage, contributing to increased water stress and insufficient irrigation supplies. The
increase of average temperatures, changes in rainfall patterns, rising frequency of extreme
weather events such as severe droughts and floods, and changes in farming seasons in
various agro-ecological areas of India are among the most critical factors in agricultural
productivity. Long drought spells during Kharif and higher temperatures and heavy rainfall
during the rabi season have caused a great deal of distress for farming communities in
various states.

The Intergovernmental Panel on Climate Change (IPCC, 2007) reveals it discloses
the cause of Climate change or any changes in climate over the years, environmental and
ecological deviations due to anthropogenic actions or by any natural disaster. Climate
change is due to the rise in the level of greenhouse gasses in the atmosphere; accordingly,
the effects of greenhouse gasses give rise to temperature, air pollutions, etc. (Matthew et
al. 2015; Yu et al. 2018). Climate change and agriculture are associated worldwide and
regional (Alexandrov and Hoogenboom 2000; Adejuwon 2005). Eventually, this intercon-
nection connection between climate change and agriculture impacts agricultural produc-
tivity and food grain production worldwide and regionally through ever-increasing climate
change (Kang et al. 2009).

Another main agricultural challenge is increasing agricultural yield and decreasing ag-
ricultural greenhouse gas (Headey et al. 2010). With the increase in the population glob-
ally, the agricultural system needs to raise its production capacity (Isik and Devadoss
2006; Khordadi et al. 2019). These subsequent pusses the excessive use of pesticides and
fertilizers, and other resources to increase agricultural greenhouse gas emissions (Molua
2009; Yu et al. 2018). It is an utter need to quantify sustainable agriculture practice to
increase agricultural production without harming environmental stability (Marshall et al.
2015; Ochieng et al. 2017).

The assessments of the effects of climate change on agricultural change and land use
patterns are based on climate change evaluations' impact on agriculture's spatial design
(Rowan et al. 2011; Banerjee et al. 2014; Asseng et al. 2015). Worldwide, individual crop
production declines by 10- 38% under these climate change scenarios, with considerable
uncertainty in spatial patterns determined by climate estimates' fate and impact models'
choice (Chen et al. 2004a; Babushkina et al. 2018a). Uncertainty about the effects of
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climate on plant productivity must be considered in economic assessments of climate
change (Kang et al. 2014; Rolim et al. 2017).

The climate variability and its effects and outcomes on an agriculture growth trend
and variability will be further dangerous for the nations with greater initial temperature
and the areas with degraded lands even small or large (Rowhani et al. 2011; Loua et al.
2019). The effect will be exponential for the underdeveloped and developing countries with
inadequate adaption capacity (Salim and Islam 2010; Miiller and Robertson 2014). On the
contrary, some studies stated that current agricultural practice and its associated actions
are the leading cause of greenhouse gasses that produces poorer climate condition (Cai et
al. 2015; Iizumi and Ramankutty 2016). Several investigation reports approximated that
the change in rainfall, temperature and uncertain happening of weather conditions are
predicted to diminish agricultural production in several countries, regions of the underde-
veloped and developing world, mostly Africa and parts of Asia (Gbetibouo et al. 2010;
Joshi et al. 2011; Egbebiyi et al. 2019).

The abruptly changing climate impacts the agricultural system throughout the world,
so as India (Praveen and Sharma 2019). The occurrence of extreme events, e.g., floods,
droughts, heatwaves, and dry days, had increased in India over the recent past, resulting
in decreased agricultural productivity (Goyal and Kumar 2013). The production of wheat
in India's northern parts will reduce drastically due to increasing temperature and heat
haves (Suman et al. 2018). Also, in the Indo-Gangetic regions, almost 50% of the land
will not be suitable for wheat cultivation by 2050 due to heat haves and raised temperature
(Dinar et al. 2007; Aryal et al. 2018). The need is to increase the sustainable and climate-
resilient agricultural practices to adopt the climatic uncertainties and reduce climate
change and uphold the agricultural requirements (Kumar et al. 2004).

For India, state-wise statistical analysis, it has been established that the drought and
extreme rainfall had affected the rice yield adversely, mainly in the rain-field regions in
the past decades (Kumar et al. 2004; Mall et al. 2006). It was noticed that the droughts
had larger effects than extreme rainfall. Although due to the enhanced farming and use of
fertilizer and pesticides in the past decades, there had been a sufficient increase in agri-
cultural productivity (Kumar et al. 2004; Jain 2018). The pattern of pesticide use in India
is different from that of the rest of the world. About 76% of India's pesticide is an insecti-
cide, compared to 44% globally (Mathur, 1999). Herbicides and fungicides are also less
heavy to use. The most considerable use of pesticides in India is cotton (45 percent),
followed by paddy and wheat. The main advantages are the benefits of pesticides - the
immediate gains that their use anticipates. For example, killing caterpillars on the crop
benefits most from higher yields and better quality of chocolate. The three main effects
contribute to 26 main advantages, ranging from leisure site safety to life-saving. The sec-

ondary benefits result from the primary advantages are less immediate or less evident.
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They can be subtle, less intuitive, or long-term. It is also harder to assess cause and effect
for secondary benefits, but they can justify pesticides. For example, higher cold yields may
lead to increased revenues for education and medical care for children contributing to a
healthier, better-educated population. Several secondary benefits, from suitable people to
preserved biodiversity, are listed.

At first glance, there are good reasons to expect that the costs of climate change will
not be borne equally by developing countries in rural areas by developing countries (Rani
et al. 2011; Jacoby et al. 2015). Finally, ownership of the most climate-sensitive property,
the agricultural land, generally focuses on the least impoverished rural population. If the
decline in agricultural productivity is global, climate change will increase world food prices,
which, given the openness of trade, can benefit farmers (Shruthi et al. 2017; Kakumanu
et al. 2019).

The use of pesticides in forestry, public health and domestic industries, and agricul-
ture, which largely depends on the Indian economy, has brought tremendous benefits.
Foodgrain production, which amounted to only 50 million tonnes in 1948-49, increased
almost four-fold from the approximate 169 million hectares of the permanently cultivated
field to 198 million tonnes by the end of 1996-97. This was done using high-yield seeds,
advanced irrigation technologies, and agrochemicals. Improved efficiency was attributed
to various factors, including fertilizer use, improved varieties, and machinery use. Pesti-
cides have become an essential part of the operation by reducing weed, disease, and insect
pest losses, reducing harvest volumes. Most pesticides are often photochemically trans-
formed in the atmosphere to create metabolites relatively nontoxic to humans and the
environment.

The main factors of climate change affecting agricultural productivity are rising tem-
perature, extreme rainfall, greenhouse gases, mainly atmospheric carbon dioxide content,
and sea-level rise (Rawat 2012). The agricultural productivity and security of food are the
most threatened by Climate change in the twenty-first century, mostly for the poor of
developing nations and in the coastal regions based countries based on agriculture, moun-
tainous agriculture-based countries (Anjum and Madhulika 2018). With the growing pop-
ulation, the agricultural productivity required increased more (Panda and Sahu 2019). The
impacts of extreme dry days and excessive rainfall with droughts and floods caused by
climate change have to be met to meet future requirements (Patel et al., 2019).

The maximum amount of water is used in the agriculture sector regionally as well as
globally. Climate change initially affects water resource availability, so as the agricultural
productivity is getting affected afterward, the other interdependent industries that rely
upon agriculture are subsequently affected (Das et al. 2009; Nimbrayan et al. 2019; Patel

et al. 2019). For potential assessments and projections, the global combined effects of
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climate change on waters, agriculture, ecosystem, ecology, and other interconnected sec-
tors should be considered (Dinar et al. 2007; Kanga et al. 2017).

MATERIAL AND METHODS

India accounts for 16% of the world's population but just 4% of global water supplies.
Agriculture is directly dependent on the climate since crop growth's key factors are tem-
perature, sunlight, and water. While certain aspects of climate change such as longer
growing seasons and warmer temperatures will bring advantages to plant growth and de-
velopment, there will also be several adverse repercussions as water is less available and
severe weather conditions become more common. In India, the rising population is a sig-
nificant problem, and water availability needs to be understood to increase population
growth. Rainfall in India has a direct relationship with the Indian and Arab Monsoons. A
more warm climate would speed up the hydrology cycle, shift precipitation, magnitude,
and runoff timing. Warm air retains more moisture, which contributes to an increase in
surface moisture evaporation. Thus, climate change will affect soil moisture, groundwater
recharge, flooding or drought frequency, and soil water level in different areas. Climate
change effects would have an impact on the water cycle.

Moreover, the rise in sea levels would increase the risk of permanent or seasonal infiltra-
tion of salt into groundwater and rivers, affecting water quality and future domestic, agri-
cultural, and industrial uses. The impact of climate change on agriculture will be multiple.
Higher temperatures and changing precipitation trends would have a significant effect on
crop production patterns. The increased carbon dioxide in the environment would also
impact agricultural production. All these reforms will make the landless and the poor more
vulnerable. Several recent analyses have suggested that the higher temperatures pre-
dicted in the coming years would impact agriculture in the lower latitudes of the planet,

where most of the worlds poor live disproportionately.

Predictions of Climate Change at the India Level

The predictions of upcoming climate change trends are constructed on a computer-based
model that will integrate various significant aspects and progressions of the atmosphere
and the oceans and the probable progression in greenhouse gases from socio-economic
situations for the upcoming periods. The IPCC had examined the outcomes of numerous
models, and based on those indications, the projections by 2100 as follows.

1. The world-wide mean surface temperature, i.e., surface air temperature change,

will rise from 1.1 to 6.4 °C.
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2. The mean sea level is supposed to increase by 18cm to 59cm, and the oceans'
water will be more acidic.
3. The probability of extreme heat waves and heavy rainfall will increase, which will
be more regular.
4. It was assessed that the rainfall would increase at the high latitudes and high alti-

tudes, and a decrease in most of the subtropical region.

The mean surface temperature in India had increased by 0.4 °C in the past 100 years.
A warming trend was observed in the western coast, central and northern-eastern parts
of India and cooling effects had been noticed in the northwestern and southern parts of
India. Over the past 100 years, there had not been much change in the monsoon rainfall
trends nationally in totality, but the regional monsoon rainfall had shown a significant
variability. On the western coast, northern parts of Andhra Pradesh and northwestern parts
of India, increasing trends of 10% to 12% from average rainfall had been observed during
the last 100 years whereas, in the eastern part of Madhya Pradesh, north-eastern parts of
India, and some parts of Gujarat and Kerala, a decreasing trends of 6% to 8% from the
average rainfall had been observed during the last 100 years (Auffhammer et al. 2011).
From the analysis of coastal tide gauge data in the Indian Ocean of more than 40 years,
the scientists projected a rise of 1.06 mm to 1.75 mm rise in mean sea level per year. The
sea-level rise rate is relatable with the 1 to 2 mm global sea-level height per year approx-
imated by IPCC. The intensity of monsoon rainfall is projected to increase by 10% by 2100.
The research and forecast carried out by the Indian Institute of Tropical Meteorology
(IITM), Pune, had projected the yearly mean surface temperature would increase by 3 to
5 °C by the end of 2100. The study also expected that the increase would occur mostly
in the northern part of India.

From 1891 to 2009, India endured 23 significant droughts, and the frequency of
droughts is rising. Climate change poses a considerable challenge to agriculture and food
safety. Water is India's most important agricultural input, with no irrigation facility in 55%
of the cultivated areas. We are actually in a position to protect food supplies under these
various conditions. All climate models forecast that more severe weather conditions will
occur, with more droughts, heavy precipitation, and storms in agricultural production re-
gions. Such extreme weather events can affect the location and the time of diseases,
thereby posing serious risks and possible crop failure. Climate change is an additional
burden in developing countries such as India, given that ecological and socio-economic
structures already face rapid population, industrialization, and economic development. In-
dia's climate could warmer under increased carbon dioxide in the atmosphere. To meet
this rising population's food demand, farmers in the country must produce 50 percent

more grain by 2020. The overall gross irrigated surface area has more than quadrupled
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between 1950-51 and 2011-2012 from 22,6 million ha to 99,1 million ha. Though agricul-
ture accounts for 14% of India's GDP, 64% of the population are dependent on agriculture
for livelihood. Over the years, water demand has risen due to urbanization, population
growth, rapid industrialization, and other development initiatives. Changes in crop and
land-use patterns, overuse of groundwater, irrigation, and drainage changes have also
changed the hydrological cycle in many of India's climate regions and river basins. The
most significant factor in agricultural production is the availability of water. Water quality
and quantity in most parts of India are severe constraints on agriculture.

Agriculture must adapt by tapping water supplies and designing better water management
methods to adjust climatic conditions. Around the same time, technologies and policies
need to be developed and enforced to minimize greenhouse gas emissions. The assess-
ment of the availability of water supplies is therefore of future national requirements and
the anticipated climate change effects, and their variability is crucial for national and re-
gional long-term sustainable development strategy

Agriculture is an economic field that is important to climate change research. It is
located at the interface between ecosystems and society and is heavily influenced by en-
vironmental conditions changes. Food prices, food security, land use, and rising vulnera-
bility for crop managers are affected by climate change. The magnitude of climate change's
effect depends on the degree of farm adaptation, farmers' investment decisions, and policy
decisions, and they are connected. Therefore, it is essential to consider the impact of
limitations on natural resources on agriculture to improve climate change resilience at the
farm level.

On the other hand, as natural resources are increasingly restricted for food pro-
duction, crop productivity is crucial to promoting agriculture growth and prosperity. To
improve these restrictions, farmers have been adapting their practice for decades to meet
climate variability; however, climate change now poses a rising threat to their livelihoods,
including regular and intense weather extremes such as droughts, floods, and frost. In
this research, we study whether adaptive practices will increase productivity based on
India's annual crops in various agricultural systems. Farm systems' effective adaptation
practices include soil conservation, effective water use, planting trees, change in planting
dates, and improved varieties. Farmers who have become more knowledgeable and better
prepared for climate change are expected to use their energy more efficiently and cope
with any adversities. This study offers useful knowledge for agricultural policy design as
proof of the effects of alternative climate change adaptation strategies. Also, the farmers

and farming systems' characteristics are related to productivity to inform agricultural pol-

icy.

RESULTS AND DISCUSSION
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Climate Change in Agriculture

Climate change and weather is directly impacting agricultural production. Possible varia-
tions in rainfall, temperature, and CO2 concentration level are estimated to affect crop
growth and yield expressively. The global influence of climate change on crop vyield is
restrained from being small to medium with effective adaptation and suitable irrigation
practices (IPCC 2006). Worldwide agricultural productions may increase due to the dou-
bling up of COZ2 fertilization outcome. The agrarian shows will also be affected indirectly
by climate changes causing the impact on the available water resources. Ultimately, India
had even begun to experience seasonal deviation of temperature more by experiencing
warmer winters and summers. From 1891 to 2009, India had experienced 23 massive
droughts, and the regularity of droughts occurrence is rising. These Climate change
tendencies are a significant risk to agricultural productions and their security. Water re-
sources are the utmost dangerous agricultural input in India that needs to be taken care
of, as 55% of the overall cultivated areas do not have proper irrigation facilities.

Agriculture production has been affected by various factors; the climatic factor is one
of the most important and influencing factors. The increasing trend of temperature in India
in the previous 100 years, from 1901 to 2007 had been Due to climate change, and agri-
cultural production will decay by 4.5- 9% shortly from 2010 to 2030 and by 25% in the
long-run from 2070 to 2099 in the absence of farmers' variation.

Studies carried out by the Indian Agricultural Research Institute (IARI) and other re-
searchers predicted a more considerable loss in the Rabi crops; for each 1°C increase in
temperature, the productivity of wheat would decrease by 4- 5 Million Tonnes. Hence, a
little change in temperature and rainfall will substantially affect the quality and the number
of crops, grains, fruits, vegetables, etc.

According to IPCC 2006; 2001 the yield of rice and wheat possibly will decrease with
climate change. The vulnerability of agricultural productions to climate change is also af-
fected by the system of crop production, flood, and droughts, the adaption of farmers
towards modern farming tools and techniques. For a 2°C to 3.5 °C rises in temperature,
the projected loss in the net revenue at ground level will differ from 9% to 25%. The
researchers also projected that for a 2 °C increase in mean yearly temperature and a 7%
increase in mean annual rainfall, the net revenue would decrease by 12.3% for the entire
country. Gujarat, Karnataka, and Maharashtra will have maximum negative impacts. Pun-
jab, Haryana, and Uttar Pradesh will have moderately adverse effects. Andhra Pradesh,
Odisha, and West Bengal will positively impact productivity due to the increasing temper-

ature.

Trend, Growth, and Variability of Agricultural Productivity
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A climatically driven investigation on yield variability of major crops in Khakassia, South
Siberia, considered wheat, barley, and oats of spring and compared the northern, central,
and southern zone. Multifactor linear regression analysis had been used for the variability
analysis of the yield of crops. They concluded the possibility of a yield decrease in the
product at least by 2- 11% in the next decade because of the increasing temperature in
the region (Babushkina et al. 2018, b).

The instability of crop area is least in the green revolution. The growth trend was
decreasing in the pre-green process in Haryana and India. The production in Haryana had
decreasing trends during the green course. The yield growth rate had been increasing in
India and Haryana, (Nimbrayan et al. 2019). The crop area, production, and productivity
of rice, wheat, and maize from 1990- 91 to 2012- 13 in India, compound to annual growth
rate, and the coefficient of variance were used to see the period's trend pattern and insta-
bility. They concluded from the analysis that rice and wheat, the crop area, production,
and productivity had increased, and the growth trends during the period had also in-
creased. Mainly maize showed an increase in crop area, display, and yield since 2000 due
to its high demand for industrial usage (Handral et al. 2017).

The model had been developed using 30 years of data from 1985- 2015 for ground-
nuts, paddy, and maize of Kharif season and wheat and mustard of rabi season. The model
results showed up to 90% variation in the yield of groundnuts, 93% variation in the prod-
uct of paddy, up to 87% variation in maize yield, up to 90% variation in the development
of wheat and mustard. The model predicted the product with less than 10% deviation;
conclude that this model can be used for yield forecasting (Yadav et al. 2018).

The yield of bajra, jowar, moth, urad, moong, seasame, cotton, and guar had high
growth and instability. The productivity data of 20 years from 1995- 96 to 2014- 15 for
almost all the crops; the yield of arhar had low growth and high instability. The Paddy
product, soybean, gram, cumin, and the chili had low growth and instability. Finally, the
yield of maize, wheat, barley groundnut, rapeseed & mustard, linseed, castor, sugarcane,
and garlic had high growth and low instability. The product of coriander and fenugreek had
negative growth and intense instability (Suman et al. 2018). The crop area, production,
and yield for sugarcane in Uttar Pradesh as Uttar Pradesh are the top sugarcane producing
state. They used compound growth rate analysis for the time series data of 1950-2015.
The study revealed that there had been an increase in the crop area, production, and yield
of sugarcane during the last 65 years. The crop area had increased by 2.25%, and sugar-
cane had risen by 1.96% during this period (Rai and Arti 2017).

The trends of crop area, production, and the Bengal gram's productivity in Andhra
Pradesh from 1987 to 2007, the movements had been projected by the semi-log trend
equation, and groundnut component growth analysis model had been used. They found

that the trend of crop area, production, and productivity had increased significantly during
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this period. The analysis also showed that the output had changed because of the change
in the area (Sitarambabu et al., 2014).

Impact of Temperature and Rainfall Variability on Agricultural Productivity

A climate change research by the Ricardian method in Cameroon, which a 7% decline in
rainfall would cause net profits from crops to decrease US$2.86 billion, and a 14% decline
in rainfall, would generate net profits from crops to reduce US$3.48 billion. Increases in
precipitation would have the opposite effect on net revenues. For a 2.5 °C warming, net
profits would decrease by US$0.79 billion, and a 5 °C warming would cause net profits to
fall US$1.94 billion (Molua 2009). Empirical models and analysis had done the effects of
the projected climate change on agriculture. The results concluded that the average yields
of the crop would be slightly influenced by climate change. Still, there will considerably
decrease the variance and covariance for most of the crops considered (Isik and Devadoss
2006).

Year-wise yield variability had been computed from the maximum likelihood panel
data of the crops. The results specified that the temperature and precipitation are directly
proportional to the yield and variability for sorghum, but for corn, the effects were opposite
(Chen et al. 2004b). In the yield response regression model to assess the climate change
impact on 60 crops, results showed that the temperature and precipitation had a signifi-
cant but inconsistent influence on crop yield (Chang 2002). The rainfall and temperature
data from 1978- 2008 were analyzed using the regression model and yield data for the
crops. The growth rate of crop yield for all the produce was positive. They found that the
temperature trend had increased by 0.7 °C, but the rainfall had not changed considerably
(Joshi et al. 2011).

Climate change remains connected with agriculture, and its impacts are currently
seen throughout the globe. There have been strong relationships and dependency on ag-
riculture in underdeveloped and developing countries of Africa and Asia. A large number
of populations are dependent on the livelihood and employment of agricultural practices
in these countries. All the farming practices are mostly reliant on the hanging on natural
climatic situations in these countries. The developing and underdeveloped countries will
impact most due to climate change and its effects on agricultural productivity and food
security. Climate change creates interruption for improving the condition of any state or
region. Hence, it is essential to spread awareness, modern tools, and farming practices for
a reliable and sustainable environment. The most damaging impact of climate change will
be on the farmers and the workers associated with the agriculture and food sector in low-
income countries. Thus, appropriate mitigation and adaptation implementing activities
must be comprehensively made in practice used in this field. There are numerous convec-
tions and global contracts considering climate change, agriculture, and food security to

create extensive awareness globally.
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The findings of the current study indicate that climate change is already taking place
and the adaptation of Greek agriculture is thus of utmost importance. The degree to which
climate change adapts is based on the seriousness and ability to mitigate negative impacts
through funding from institutes for agricultural research, agricultural expansion pro-
grammes, education, farmers' networks as well as national and European policies. The
adaptation efforts would differentiate between regions in terms of their rates of growth
and living standards. Policy makers should encourage policies that can improve land use
and crops as well as crop techniques. Sustainable development should also be taken into
account in these policies.

Moreover, India's economic growth would significantly affect farmers' capacity to ben-
efit from additional sources of revenue through the diversity of the rural sector "more
crops per drop" rainwater collection, aquifer recharge, reactivation of water bodies, and
conservation technology should be a priority. The central government has tried in the last
ten years to resolve the problem utilizing a variety of initiatives, such as subsidies for
micro-irrigation, the national watershed creation of rain-fed zones and the artificial re-
charge to groundwater by dug pools in hard-rock areas, as well as a program to increase
rural water supply in the catchment area The results of the economic climate change pro-
jections generally suggest that the global climate change impact on farming is minimal.
However, the significant financial loss will occur at the regional level, especially in India.
As adaptation is slow, most estimates say that viable farm companies will adapt faster

with the right investment by changing crops and cultivation practices.

Conclusion

Agriculture is generally the primary sector that depends mostly on climate change. The
choice of the optimally grown crops and the selection of optimum planting and harvest
times depend directly on each region's prevailing weather conditions. This means that the
impending climate change due to greenhouse gas increases would directly impact agricul-
tural production and productivity and, therefore, on farmers' incomes. The results of eco-
nomic climate change estimate generally conclude that the global impact of climate change
on agriculture is small. However, the significant economic damage will occur at the regional
level, particularly in countries like India. Given the slow pace of adaptation, most estimates
suggest that viable farming companies can adapt more quickly with the right investments
by changing their cultivation and cultivation practices. This study shows that climate
change is already taking place, and thus the adaptation of Indian agriculture is essential.
The degree of adaptation depends on the seriousness of the climate change and the ability,
through aid from institutes for agricultural research, agricultural extension services, edu-
cation, farmers' networks, and national and European policies, to mitigate negative con-

sequences. Adaptation initiatives can distinguish between regions in terms of their rates
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of growth and living standards. Climate change has a significant impact on the availability
of various resources on the earth, mostly water that supports life on the planet. Biosphere
transitions, biodiversity, and natural resources have a detrimental effect on human health

and quality of life.

Throughout the 21st century, India will experience global warming. India would also un-
dergo more seasonal temperature variations with more temperatures during winter than
summers. In recent years, the longevity of the heat waves throughout India has increased
with warmer night temperatures and hotter days, and that trend is expected to continue.
The average temperature change is estimated to range from 2.33°C to 4.78°C, with CO2
doubling. Those heatwaves will lead to increased variability in summer monsoon precipi-
tation, resulting in dramatic impacts on the Indian agriculture sector. Climate models ex-
pect a progressive increase in the concentration and temperature of carbon dioxide (CO2)
worldwide. However, these models are not entirely reliable to forecast potential changes
in local weather conditions. In conjunction with local plant varieties, cultivating systems,
and soil conditions, local weather conditions, such as rain, temperature, sunshine, and
wind, can increase food production as long as plant disease can be managed. Policymakers
should promote actions to help change the use of soil and crops and crop techniques.
Furthermore, Indian economic development will significantly impact farmers' ability to
benefit from additional income sources through the rural sector's diversity. Finally, policy-
makers should consider the importance of sustainable agricultural development through
its three pillars: economic development, conservation of the environment, and social eq-

uity.
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