KNOWLEDGE - International Journal
Vol.47.3

THE IMPACT OF CLIMATE CHANGE IN ASIA: AN ECONOMETRICS ANALYSIS
ON AGRICULTURE SECTOR

Eern Yie Choo
School of Management & Marketing, Taylor University, Malaysia, yie793@gmail.com

Abstract: The substantial known economic effect of changing in climate is upon on every sector especially on
agriculture due to its sensitivity and size of the sector. Warming climate brings outstanding harm to agriculture in
several nations because developed countries in low latitude already encounter the hot weather. This paper reviews
numerous studies that evaluate the possible impact of warming climate to agriculture sector in Asia. There have
been numerous studies examine how expected changes in climate are likely to effect on yield productivity in Asia.
The findings in this paper is supported mainly from the fourth and fifth analysis report of Intergovernmental Panel
on Climate Change (IPCC), where the latest sixth assessment report is excluded out as it is currently preparing by
the panel. There are two specific objectives is needed to review the possible impacts of changing climate on
agricultural. Firstly, the paper will synthesize the likely impacts of climate change on China and India’s agricultural
production especially for crops C3 and C4. Secondly, this paper also review the adaptive responses to change in
climate that could potentially be made and promoted in the agricultural sector. Additionally, this paper discusses the
overview of Asian agriculture and likely outcome if climates do warm by observing several scientific evidence on
climate change. This paper done some projection by reviewing existing literatures which various research studies
have been approaches to estimate the changes. The impact of climate change in agriculture sector in two countries is
also describe. The countermeasure to be consider in response to warming climate will be the last section in this
paper.
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1. INTRODUCTION

Climate change can be explained with changes beyond an average condition of atmospheric which mainly possible
caused by many factors such as volcanic activities, revolution of earth’s orbit and somehow by artificial component
of rising in the concentration of aerosol and greenhouse gases (Venkatramanan, Shah & Prasad, 2020). One study by
Zhao, Luo and Huang (2021) indicates that global warming could turn into megatrend which might lead a significant
future global change. Concerning with worldwide impacts, the UN Intergovernmental Panel on Climate Change
(IPCC) introduced considerable scientific evidences in its fifth report on climate change. Getting proof for warming
world supported from various independent indicators of climate, from the oceans’ depths to high up in the
atmosphere. Warming world with broader evidence collected from multiple range of independent physically
consistent measurements of various interlinked elements from climate system (Bindoff et al., 2013).

However, the rising of global average surface temperature could be definite-known indicator of climate change.
Although Galloway et al (2008) found that every year is not always warmer than the previous, the temperature of
surface have warmed substantially globally since 1900. Especially, in this report, if human continues causing high
present consumption level of fossil fuels, the earth’s mean temperature will shoot up to 6.4°C by the end of the 21st
century, followed by a rising sea level around 59cm (Sovacool, 2014). In fact, since the second half of 19" century,
the world annual average surface temperature has rinsed at a rate of 0.72°C/100 years. By comparison, the next
century’s temperature is projected to increase by 0.4 to 1.8°C (RCP8.5 scenario) and 2.7 to 4.9°C (RCP2.6 scenario)
(IPCC, 2013b). Specifically, Aydinalp and Cresser (2008) stated that sea warming also dominates the rising in
energy accumulated in system of climate with exceed 90% of energy stored. The global average mean ocean surface
temperature had increasing 0.52°C per century. At the end of 21% century, an increase of 0.7°C (RCP2.6), whereas
2.0°C in scenario of RCP8.5 (Figure 1.1).

455



KNOWLEDGE - International Journal
Vol.47.3

Figure 1.1 Projected changes of global annual average surface temperature on land and wind
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Study examined the agriculture is the most vulnerable sectors to anticipate changing in climate (Wang et al., 2017).
The predicted changes in rainfall patterns and temperatures, as well as several associated effects on extreme weather
events, pests and water availability are likely possible to affect potential of agriculture mass production. Some
literature on the economics of weather suggests that warming climate which impact on agricultural production is
unlikely to be evenly distributed across regions (Mendelsohn, 2008; McKibbin & Wilcoxen, 2002). Developing
counties and low latitude are expected to suffer more from the effects, reflecting by the nation’s disadvantaged
geographic location. In contrast, on high latitude region, those crop production will conventionally benefit from
climate change. In a recent world comprehensive study, Schreurs (2010) predicted that agricultural productivity
would fall by 15.9% in the 2080s on condition that global warming continues unabated, causing developing nations
encountering disproportionately huge decline of 19.7%.

2. LITERATURE REVIEW

2.1 PROJECTION ACROSS ASIA: HOW THE CHANGING OF CLIMATE EFFECT THE

AGRICULTURE?
The sector of agriculture plays an essential role in Asia, which contribute to more than 10% of most regional
economies’ gross domestic product (Aryal et al., 2019), and also provide jobs for over one third of the working
population (Chanana-Nag & Aggarwal, 2020). However, will agriculture in Asia region nevertheless succumb to
warming in future? As acknowledge by numerous scientists, climate change is predominately driven by letting go of
greenhouse gases, where the recent annually averaged concentrations for the gases of nitrous oxide, carbon dioxide
and methane is observed with increasingly constant rate (Figure 2.1). Although there have been various studies, the
results for Asia are scattered (Mishra, 2017; Mo et al., 2017). So far, a comprehensive studies which cover every
single agriculture sector in Asian has yet to be done.

Figure 2.1 Observed annually averaged CO, concentrations (parts per million)
Notes: CO, concentrations (dark blue line), whereas projected range of concentrations (shading).
Sources: IPCC (2013a)
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Concentration of CO,, soil moisture, temperature and rainfall are all essential variables to discover the productivity
of agriculture, and their correlation are simply not linear. Current analysis from major research validates the present
of thresholds for above climate variables which plunged the crop yield. For instance, the recent IPCC reports with
modelling studies indicate that the slightly rising in average temperature, along with related changes in rainfall, are
expected to advantage the crop yields in regions of temperate. However, for the opposite, region of low-latitude are
likely to obtain negative impact for major cereals yield. At last, more than 4°C of average warming would bring
negative impacts in all regions (Figure 2.2). For period 2030-2049, around 10% of projections indicates yield gains
exceed than 10%, as well as compared with late 20" century, around 10% of projections indicates yield losses of
exceed than 25%. In the end, the impact of risking getting more severe after 2050.

Figure 2.2 Percentage changes in crop yields projection due to changing in climate
Notes: The figure shows projections for different scenario of emission, which for temperature and tropical regions.
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Mirroring economies studies demonstrate that increasing in atmospheric CO, concentration could obtain a benefit
impact on crops yields by reducing plant’s water loss and stimulating photosynthesis (Mulla et al., 2020). The
fertilization effect of carbon is strong mainly for C3 crops which have lower photosynthetic efficiency rate, such as
legumes, fine grains, soybeans, wheat and rice. However, for C4 crops like sugarcane, sorghum, millet and also
maize are much smaller effects. Pan et al (2020) also argue some application of nitrogen also could impact on
elevated CO, of yield production. Recent research by Hunt and Wu (2017) suggests that method of free air
concentration enrichment provide a little or no stimulation of CO, fertilization effect for C4 yield and a much
smaller effect for C3 crops. Likewise, the IPCC (2014b) reports that the yield of maize and wheat in tropics begin to
fall from 1 to 2°C of local warming. Yield of temperature maize and rice in tropical area are lesser clearly to be
affected, yet it significantly affected during warming of 3 to 5°C. Hence, the following data confirm that even a
slight of climate warming will decline yields in region of low-latitude. The rice-based systems are more adaptable
than maize, which projected advantages of adaptation are substantial for temperate crops then tropical.

2.2 PROSPECTIVE IMPACTS OF CLIMATE CHANGE ON THE AGRICULTURAL SECTOR

2.2.1 CLIMATE CHANGE IMPACTS ON AGRICULTURAL SECTOR IN CHINA
Changing in climate bring huge impact on Chinese agriculture has been widely study in many literature,
nevertheless the negative effects tend to dominate (Mo et al., 2017; Gurgu, 2010). Since China is a large producing
and international trading country, it is generally accepted that impact of changing in climate will likely also affect
the rest of the world. Similarity, the IPCC assessment concluded that over the next 20-80 years, the expected effects
of precipitation decreases and temperature increases could lead to a drop between 20 to 36% in China’s rain fed
yields of maize, wheat and rice. By contrast, Xie et al (2018) predicted that China’s cotton yields may well increase
due to climate change. However, these figures in yield changes may overestimate, as results do not account for the
policy changes or new adoption of technologies in response to changing in climate.
Evidence from Chen, Chen and Xu (2016) study confirm the effect on damage of elevated tropospheric ozone (O3)
and stimulatory effects of CO, in most cases of crop yields. Based on the study, a medium confidence that the trends
in climate have badly affected maize and wheat production for China, where there is also a medium reliance for
negative effects on world aggregate production of maize and wheat. In particular, IPCC results also support and
argued by Mahato (2014) states the effects on soybean and rice yields are smaller in major production regions as
well as globally. Scientific proven of results shows high confidence that climate warming could benefited crop
production in regions of high-latitude, such as China in northeast (IPCC, 2014a). To be specific, the discussed done
by those studies indicate that climate warming brings significant impacts on world yield trends of some crops.
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According to the Organisation for Economic Cooperation and Development (OECD) indicates that the magnitudes
of the yield impacts in 2050 on China’s three food crops ranged from +25.1% (irrigated wheat), and -22.8%
(irrigated maize). Kim (2008) claim that the estimation of the climate impact on crop yields differ widely depending
on assumptions on fertilization effect of CO,. In some studies, accounting for the advantages of CO, fertilization
could decreases the negative effects of climate on yields production or even projected opposite of the results (Yu et
al., 2018). For instance, all analysed crop yields are projected to decline without the CO, fertilization effect.
Throughout the study, the results summarize that wheat yields is generally benefit the most with CO, fertilization,
while for the rice yields and rain-fed maize are adversely affected without fertilization effect. Overall, irrigated
crops are projected slightly severely affected from climate change than rain-fed crops.
2.2.2 CLIMATE CHANGE IMPACTS ON AGRICULTURAL SECTOR IN INDIA

Since period of ancient, any changes in trend of monsoon drastically affects the Indian agriculture (Swami, Dave &
Parthasarathy, 2018). Studies on warming’s effect in India reported that rising in temperature is the biggest impact
on the Indian agriculture (Arif et al., 2020). In view of the climate matter, it is known that there are less and limited
data for observing impacts of changing in climate on globally food production systems, which is a true issue for
Asia. Aryal et al (2019) observed that weather influence of global warming was projected to decline sorghum grain
yield 2 to 14% by 2030, and the issue might worst in the next 20 years. In the Indo-Gangetic Plain, the pre-
monsoon’s changes will essentially affect the wheat crop (Porter et al., 2014), possible projected huge reduction
unless adopted appropriate crop management practices. It is observed by innumerable studies that the production of
rice losses during severe droughts with an estimated amount of $800 million in the states of Chhattisgarh, Odisha
and Jharkhand (Kumar & Gautam, 2014; Manuta & Lebel, 2005). The IPCC (2014b) also projected that an increase
mean temperature of 5°C in time slice of 2010-2039 (Figure 2.3). Based on the analysis, wheat yields are predicted
to decline by 6-10% with 1°C increase, as well as the overall crop yields might fall down to 29% in South Asia by
the mid of 21% century (Hijioka et al., 2014). However, the rising in temperatures will definitely affecting the wheat
growing regions, which could possible placing millions of mankind on the edge of hunger.

Figure 2.3 Projected annual mean temperature and precipitation (land areas) of South Asia
Notes: Various estimates from observational measurements (black lines), climate model simulation’s range
percentile driven with natural drivers and anthropogenic (shading)
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Nevertheless, an increase of 1°C in temperature might as well decreasing the yields of wheat, mustard, soybean,
potato and groundnut by 3 to 7%. There are many researchers, who studied the Indian agriculture, many of them
argued that most of the crops’ productivity will decrease 15 to 45% by 2100 due to decrease irrigation water and
variability of rainfall (Xenarios et al., 2019; Kameyama et al., 2008). One recent study by Dubash et al (2018) also
states temperature arise by 0.5°C during winter temperature is expected to lessen India’s rain-fed wheat yield by
0.45 tonnes per hectare. Agriculture sector will be worst affected at the coastal region of India, especially
Maharashtra and Gujarat, as the area of fertile are vulnerable to salinization as well as inundation. Many researchers
remain busy in previous decades to give theoretical answer of this issue, and therefore the best answer was the
alarmist report from the IPCC assessment. If any significant effect on the country’s food security, scenario will
getting worsen might therefore pushed Indian agriculture into crisis.

2.3 COUNTERMEASURE FOR AGRICULTURAL SECTOR TO AGAINST CLIMATE CHANGE
Generally, it has been known that the changing of globally climatic system has resulted from the disruption of
energy balance caused by the rising of aerosol and greenhouse gases in the atmosphere, as well as solar radiation
and land covering. Principally, the climate issue done by deep analyses of scientific results indicates that global
warming is very foreseeable to have prompt from activities of mankind (Kashyap & Agarwal, 2020). Actions taken
to counteract on danger of sector in agricultural could consider in the face of challenges and risks of global
warming, are predominately divide into mitigation approach that lessen the rate and scale of changing in climate by
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absorbing emission of greenhouse gas and the adaptation approach that acknowledge the inevitability of gradual
increase of earth temperature, recognize the impacts of warming climate, and as well cut down the harm it could
cause.

During global warming, some components of the climate system are initially affected by climate change and strive
to adapt themselves. Still, if the impact of changing in climate is huge, the weather system could not handle the
consequences just by voluntary adaptation. Hence, special measures for planned adaptation should be attempted.
Even so the planned adaptation is effect, yet there is still an impact on climate system, it is presume that there is
some remaining impact. As strenuous effort for systems to adjust the climate change, efforts have concentrated on
bringing down the scale of changing in climate through mitigation plain such as reduction of greenhouse gas. The
measurement do contributes by reducing, avoiding and postponing countless impacts of changing in climate. As
climate change adaptation and mitigation are closely interrelated with each one, thus mitigation can also regarded as
belonging to adaptation actions in a long-term perspective. Consequently, adaptation to warming climate is not
discretionary but preferable as a compulsory countermeasure against global climate change.

For this report, measure of mitigation for agricultural sector including the advance of cultivation methods by
improving fertilization and irrigation control on arable sector to suppress some greenhouse gases and carbon fixing
for soil from farmland. In relation to the countermeasures against climate change for agricultural, adaptation and
mitigation to changing in climate depend on availability to quality seeds, water management for crop productivity,
efficient resource on crop cultivation practices, and empowering the local farmers through training and awareness.
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