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ABSTRACT— Agricultural sectors are among the vulnerable areas which could be affected by the projected climatic
change and associated global warming. Without adaption, climate change is commonly precarious for agriculture
production, economies and communities dependent on agriculture. However, with appropriate adaption,
vulnerabilities can be reduced and there are numerous opportunities to be realized. Therefore, it is critical to early
find and prepare for adaptation strategies for various agro-systems in order to prevent adverse effects on water, crop
production and economic conditions. In this review paper, we have summarized and compiled the effect of climatic
change on irrigation water demands (IWR), crop evapotranspiration (ET) and crop yield production. The role of
utilizing various Global Circulation Models for climate change impact studies was also included and tabulated.
Climate changes may cause crop damages, low yield, and increased production cost resulting to income losses for
farmers, grow their lower income level, and enhance their annual unemployment. Currently, the techniques to
evaluate climate change consist of the statistical method computed from the historical data as well as the GCM
simulation model. Nevertheless, various GCMs result in completely different results. Undoubtedly, there is uncertainty
in any climate change analysis, thus, it's commended that several models need to be used where possible to prevent
improper planning or adaptation responses especially in the near future.
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1 INTRODUCTION

The effect of climate change is an extremely main environmental issues being met across the planet right now, which
has triggered prevalent problem in any respect stages of authorities as well as scientific community [1]. Based on
Intergovernmental Panel on Climate Change [2] global warming can result in vast amounts of people dealing with water
and food shortages. Discovering how water demand variations in response to adaptations on the environment are a vital
element of water sources contemplating, advancement and control. Climate change may have critical implications on
agriculture and water resources. The expanding level of greenhouse gasses in the environment as a result of human
regimens, for instance, land implement alterations along with the need for fossil energizes has received in terms of a
dangerous atmospheric difference and global vitality unevenness [70]. By Fourth .Assessment Report (4AR) of the
Intergovernmental Panel on Climate Change (IPCC), at 0.74C grows in the world mean surface temperature accounted
for in the recent 100 years, particularly somewhere around 1906 and 2005. Crucial advancement could have been taken
into account during the recent Half a century, by having an increasing level of 0.3C each several years, as well as
worldwide mean surface temperature is likely to increment approximately from 1.1 to 6.4C in between the 21st century?.
Because of the expanded temperature and changing precipitation, it is natural that water availability and yield
productivity will diminish essentially later on [71]. Additionally, it is recommended that, climate change will probably
have immediate and aberrant effects on irrigation water and water requirement and yield of crop respectively.
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Agricultural products in the tropical regions are more delicate to warming since they work officially near the ideal
temperature; however, in numerous areas at a high increment in warming with adequate precipitation might have a net
positive effect [72].

Numerous parts of the world have effectively encountered a huge change in rice yield, which has been driven by
climate change [16, 36, and 38]. Different demonstrating considers have affirmed that, with the expansion of CO2
fixation and temperature, a noteworthy alteration in the efficiency of the rice has happened [38, 42, and 46]. The change
in the yield is generally anticipated that due would the movement in the development stage, photosynthesis limit and
expanding in breath and an expansion in the water requirements. In any case, different extreme climate occasions will
have extra risk to the agricultural production [71]. Moriondo et al. [73] suggested that the impact of utmost incidents
ought to be incorporated into crop modeling techniques; otherwise it is undoubtedly a probability of undervaluing crop
yield deficits, which subsequently might increase the risk for implementing inappropriate plans for dealing with climate
change. Nevertheless, Together with the escalating population and restricted water resources, the food security for
generations to come is at risk [74]. Specifically, the agricultural segment encounters the difficulty of producing extra
yield with fewer water utilize by raising crop water productivity [57].

Climate change, human population progress, and financial progression are going to impact the potential presence of
water useful agriculture various in a variety of region. As agriculture could be the major sector of water use, and the
climate change impacts will be more significant in agriculture water demand [1], it is very urgent to evaluate the climate
change impacts on irrigation water requirement for long term planning and management of water resources. Climate
change impacts research is usually performed by using GCMs to provide climate change scenarios Global Climate
Models, also referred to as General Circulation Models (GCMs), are appliances clear up the basic equations of mass,
momentum and thermodynamics to have a description of the condition of the weather, and provide much of the
meteorological variables, for example wind speed, relative humidity, rainfall, temperature and solar radiation [3]. Thus,
the use of GCMs with different scenarios will be studied. With this review paper, the impact of climate change on
irrigation water demand, crop yield, crop evapotranspiration, and water productivity is compiled comprehensively since
the available water resources has already been influenced by several factors like, quick inhabitants progress,
urbanization, farming and hydropower demand. The review also reports the current climate change scenario globally.

2 IRRIGATION WATER DEMAND

Water resources in many parts of the world are already under stress because of the population growth and economic
development. It is anticipated that climate change will take the world into a new phase of water stress and uncertainty. A
recent study reveals that climate change will alter the hydrological cycle and affect water supplies [4]. At the same time,
it will cause a sharp increase in water demand and water availability [1]. At a global scale, water demand will increase by
55% by 2050, and the increase will be more significant in agriculture compared to other sectors [5].

Anthropogenic climate change does not just influence runoff and water availability but it has also an effect to the
water demands. Long-term water and agricultural sustainability will be founded on, among different factors, on the effect
of climate change on water requirement for irrigation system [6]. Irrigated agricultural fields contain lower than one-fifth
from the aggregate cropped zone but delivers around two-fifths of the world's food [6]. It can be generally indicated that
irrigated agriculture ought to be extended out later on to have the capacity to feed the world's developing population. Liu
et al.[7] considered an assessment of climate-change impact on paddy irrigation system with the utilization of different
GCMs under A2 and B2 scenarios as presented from the Intergovernmental Panel on Climate Change. The simulation
results show that stream release in the wet season increases fundamentally, and decreases on the dry season. However, it
is truly not yet known whether there'll be sufficient water.

Due to more serious human activity, expanding population, and greenhouse-gas emissions, almost all parts over the
world are predicted to possess a substantial rise in mean annual temperature after the current century [2]. Researches of
various metrological parameters that include rainfall, cloudiness, and evaporation have demonstrated ardently varying
trends on both worldwide and regional scale [2]. This phenomenon of climate change not alone have become effecting
climatic variables but in addition serious events (e.g., droughts, and floods), although it is not widely planned [8].
Ashofteh et al. [9] explored the effect of wide variety uncertainties on water demand of irrigated crops under climate
change. Seven Global Climatic Models (GCMs) were put to use in this research under A2 scenario. Their result revealed
that, crop water needs increases along with the increase of risk from the possible future period by roughly 3% for the
25%risk, 17% for the 50%risk, and up to 33% for the 75%risk. Moreover, according to their own results other crops
(barley and wheat) are definitely more tolerant and much less sensitive to climate change.
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With raising irrigation water requirement and developing competition all around water utilizing areas, the world now
works with a hardship to convey a great deal more food with less water. This objective will be sensible only if
appropriate methodologies are found to get water savings and additionally more effective water uses in agriculture.
Rosenzweig et al. [10] assessed alterations in crop water requirement and water availability to determine the reliability of
irrigation system. As indicated by their results a lot of water rich zones investigated on, there'll be sufficient water for
agriculture for the climate change situations. However a few zones battled with the most lack of water availability for
agriculture both in the present and in the climate change projections. Over the last few decades, in conjunction with fast
population growth and commercial concentration in urban centers, affected by financial growth, power shortages had
grown to be issue particularly seaside areas, and water shortages had taken place in northern china, mainly in the Yellow
River Basin [11].

As indicated by the Intergovernmental Panel on Climate Change [2] because of the increment of greenhouse gasses
(GHG), the worldwide mean temperatures have accordingly risen around 0.74C during the last One hundred years and
can be expected to ceaselessly increase of 1.1-6.4C in this century. In fact from irrigation prospective, this climate
change has serious impact on irrigation demand, crop water requirements (ETc), reference evapotranspiration (ETo), and
irrigation water requirements. Chung and Nkomozepi [12] examined the uncertainties brought on by the difference of
paddy irrigation water requirement using thirteen GCMs under emission scenarios A2, A1B, and B1. The results
demonstrated that, crop water requirements and reference evapotranspiration will improve in the future period (2030s,
2055s, and 2090s). It had been predicted that, rainfall increases for all future scenarios. The majority of GCMs forecasted
a rise in the paddy irrigation water requirement by 2090s. However, the alterations of rainfall, runoff, infiltration, ground
water stream, evapotranspiration, and soil moisture in several areas of the globe over the past century suggests climate
change is resulting to an intensification of regional hydrological cycles and would had major impacts on water resources,
influencing surface water supply irrigation and agricultural systems [1].

Water demand differs based upon balance between rainfall and evapotranspiration as well as resultant variations in
soil moisture status; mainly because the greenhouse effect will influence temperature and precipitation patterns, will
probably be direct effects on soil moisture [13]. Tan et al. [14] investigated climate change impact on future irrigation
water demand by integrating irrigation districts and commercial irrigation blocks using four GCMs under three SRES
emission scenarios Al, ALF1, and B21 for the baseline period of 1928-1995 and future period 2020-2080. Their results
show Water need for irrigation places and commercial irrigation stops are predicted to rise by 7% and 11% in 2020s,
12% and 17% in 2050s, 13% and 18% in the 2080s respectively. Intergovernmental Panel on Climate Change (IPCC)
Assessment Report 4 (AR4) claims that worldwide averaged temperatures have apparently increased ever since the mid-
20th century, that is assumed due mainly to human activities for example fossil fuel burning and deforestation [2]. Wang
et al. [1] investigated climate change effect on regional irrigation water demand under different climate change scenarios.
The results revealed that temperature will be the dominant factor to determine irrigation water demand in the region. The
study reveals that there will be a rise in irrigation water demand as a result of temperature rise, but the impacts will be
different for different crops. Long-term alterations in water resources rely mainly about the quantity of precipitation and
evapotranspiration. It is understood that, insufficient water is generally resulted from drought that is likely worsened by
climatic change which pertains to high uncertainty and that makes it a hard work for quantifying the seriousness of
drought and water deficit, therefore the irrigational water is difficult to reallocate in the future scenarios [15]. Thus,
defining scenarios for the current and future climates for assessment climatic-change impact in most regions are
necessary.

Several works had been performed to study the impacts of climate change on irrigation water demand by using more
than one Global Circulation Models [9, 12, 15, and 18]. The calculation of agricultural water demand in the changing
environment is crucial for extended term water resources advancement and planning because climate change will affect
irrigation water need for rice via alternation in rice physiology and phenology, soil water balances evapotranspiration and
efficient precipitation [18]. Shahid [18] assessed the climate change influence on irrigation water need for dry season
Boro rice using GCMs under B2 scenarios. To calculate irrigation water demand, FAO-56 model was used [19]. The
results revealed that there won't be any appreciable variations in whole irrigation water demands as a result of climate
change. However, based on their study there'll be a rise in regular use of water for irrigation by the end of this century.

Previous researchers [1, 10, 16, 20, and 21] have researched the impacts of climate change on irrigation water
demands using single GCMs at specific locations, either using the outcomes of climate change models directly or
applying these to local climate data sets. The agriculture sector is anticipated of being tremendously suffering from a
decrease in crop water availability plus an maximize from the possibilities of extreme weather incidents caused by the
gathered influence of enhanced CO2 concentrations and increase in surface temperatures [22]. Xiong at al. [21] regarded
a number of climatic scenarios for future water availability of china in the 2020s and 2040s with interaction of socio-
economics. Crop simulations had been medium to large increase in irrigation water demand which can be seen to be
highly responsive to the characteristics of regular precipitation in the climate scenarios. Climate change is predicted of
having significant change of world water cycle via variations in temperature and precipitation [26]. De Silva et al. [20]
predicted the effect of climate change on paddy irrigation water demand using single GCM under A2 and B2 scenarios.
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Results indicated that in the wet season, average precipitation minimizes by 17% (A2) and 9% (B2), and possible
evapotranspiration increase by 3.5% (A2) and 3% (B2). However, rice irrigation water requirement increased by 23%
(A2) and 13% (B2).

Without having adaption, climatic change is normally challenging for agriculture production, economies and
communities relying on agriculture. However, with proper adaption, vulnerabilities could be reduced and there are many
possibilities to be recognized [23]. Liu et al. [15] assessed the impact of climate change and growing water demand
towards water supply. The result revealed that the water supply system could satisfy the water demand in Touchline river
basin. But beneath stress of expanded domestic and industrial water demand, the water supply system is not going to
meet the water demand any longer. Several countries possess the historical experience of coping with climatic variability;
climate change may however increase its dimensions to away from the range of previous experience. S. Shrestha [16]
investigated the possible effect on climate change on long term water availability by utilizing Hydrologic Engineering
Centre’s Hydrologic Modeling System (HEC-HMS) under A2 and B2 SRES scenarios. Their results demonstrated that,
the availability of the foreseeable future water declines and have a tendency to increase at the end of the century for dry
season. However, for the case of wet season the future water availability develops to increase. Nevertheless, probable
adaptation techniques for agriculture to mitigate climate change have been recommended, which may be implemented by
the farmers independently [24].

Numerous regions of East Asia, particularly coastal and low-laying delta parts are extremely more probably to
climate-change impact by means of extreme events, storm surge and sea level rise [25] the climate variability found
within recent years is predicted to remain and perhaps become a little more extreme in the coming decades, posing a
massive challenge to water management in the region. Zahidul Islam et al. [17] analyzed the impact of climate change on
irrigation water requirement by considering two GCMs (HadCM3, and ECHAMS) under three SRES A2, B2 and AlB.
Results showed a reducing trend in optimum temperature for all scenarios and escalating trend for minimum temperature
for all conditions. It was predicted a reducing pattern of water demand for irrigated rice under all cases which shown that
minimal irrigation systems are desirable to satisfy the requirements. The majority of observed increases in world
temperatures since mid-century are actually likely due to an increase in anthropogenic greenhouse gas concentration [2].
Furthermore, it can be expected that future emissions of greenhouse-gases continuously rise resulting to climatic change.
Climate impacts on irrigation water demands are usually changed in various river basins. The frequency of droughts and
floods will increase under future weather conditions. Run-off and stream flow are certainly responsive to rainfall rather
than evapotranspiration. Effective water use and integrated management will likely be increasingly essential for
minimizing the impacts on water scarcity and droughts.

From above literature, it’s clear that single GCMs are still used for future climate change projection assessments
which might contribute to unsuitable forecasts or adaptation reactions to climate change. It has been figured that, several
models needs to be used where a possibility to prevent in appropriate planning or adaptation reactions especially in the
short-term. Finally, adaptation approaches are needed to mitigate the long term impact of accelerating future water
demand.

3 CROP EVAPOTRANSPIRATION

Figuring out evaporation rates is crucial for water resources, specifically in water-scare countries. Climate change due
to enhanced greenhouse gases and land use alterations will considerably influence agricultural yields, water usage, and
irrigation demands in a few ways. Such as, temperature raises accelerate phonological progression, minimize period to
maturity, and even increase transpiration levels [29. A general change in rainfall variation and air humidity affect the
crop water use and amount of water stress; elevated atmosphere CO2 concentration improves C; plant photosynthetic
rates and prevents stomatal conductance, resulting in decline in transpiration rates at leaf level [30].

Future changes in evaporation and reference evapotranspiration may have serious consequences for hydrologic
processes as well as agricultural crop efficiency. Many studies of climate change have established which the earth’s
atmosphere continues to be altered by anthropogenic and biogenic pollutants of CO,, other radioactively productive gases
and aerosol precursors for example Sulphur dioxide. This variation from the environment has coincided along with the
mean surface air temperature of the planet growing since the 1850s by about 0.5C, or about 0.04C per decade [31].
Chattopadhyay and Hulme [27] examined the change of evaporation and potential evapotranspiration by considering both
the present (baseline period) and future climate change scenario using six GCMs. The outcome revealed that the
evaporation and evapotranspiration have reduced during the past few years in India. However, future projection showed
an increase in potential evapotranspiration over India which varied differently in different regions and seasons. Harmsen
et al. 28] analyzed the effects of temporary climatic change effects on evapotranspiration, rainfall, and crop yield using
GCM under three SRES scenario A2, AL1F1, and B1. The results indicated that the rainy period is set to become wetter,
and dry period may become less wet. Furthermore, crop yield production reduced for several circumstances during
September, but elevated throughout February.
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In recent times extraordinary accentuation had been given to the conceivable effect that human actuated increments in
air carbon dioxide CO2 might have over the worldwide atmosphere amid the following 50-100 years [2, 14]. Noteworthy
changes are relied upon to happen in the air temperature, ocean surface temperature, sea level rise and also the size and
recurrence of most extreme climate occasions. Potential effects on water resources in rain-dominated catchments simply
like those situated in the Caribbean Region [2] include: higher precipitation extremes, expanding measure of stream,
occasional variability, with higher courses through the wet season and minimize streams while in the dry season; rise in
extended dry period probabilities; and potential danger of dry spells and flood. On the other hand, extended of dry
periods and also the likelihood of more evaporation will negatively affect lake levels utilized for fresh water supply [28].

A persistent rise in carbon dioxide in the atmosphere that may be due to industrialization, deforestation, was recorded
after the 1950s. This increased trend may cause alterations in global and regional climate features, for example average
temperature and precipitation [32]. A change in climatic strategies might influence agricultural water availabilities, on the
grounds that evapotranspiration from paddy fields may be experiencing a change in meteorological variables (e.g.,
temperature, sun shine, wind speed and relative humidity). Helfer et al. [33] determined the evaporation rate from large
water supply reservoir under current and future projection scenarios using from the outputs of nine GCMs. The found
that due to higher increase in future temperature, the evaporation rates from reservoir raises ahead when compared to the
baseline (1990-2010). according to Yu et al. [32] since changes in the other meteorological elements, for example,
relative humidity and sun shine duration still assume critical parts from the evaluation of evapotranspiration with climate
changes, the simultaneous thought of the consequences of meteorological variables like temperature, relative humidity,
and sun shine duration over the evapotranspiration estimation with climate change is vital. It can be broadly recognized
that considering the effects of climate change on crop yields is basic for supportability of nourishment creation and
security of water resources [35], and climate models are utilized as a part of such an investigation.

Mo et al. [29] studied the impacts of climate change on crop evapotranspiration using six Global Circulation Models
(GCMs) under A2 and B scenarios. They predicted that these changes of evapotranspiration during progress period of
wheat and maize are diverse spatially on the plain with decrease in period of crop growth period and reduce in ET,. Yu et
al. [32] reviewed the impact of climate change on evapotranspiration from paddy fields using both historical data analysis
and four Global Circulation Models. Recently, significant works had been focused on the study of the possible impact of
climate change on the water resource system. These studies exhibited that the prerequisite for irrigation water is
particularly receptive to a change in precipitation, temperature and additionally the concentration of carbon dioxide [34].
Thus, it is vital to help us know the effect of climate change on water resources and propose suitable systems expected to
confront the effect of climate change.

The two of free surface evaporation and conceivable evapotranspiration assume key parts in studies connected with
hydrology, and water accessibility for crops. While evapotranspiration, two procedures occur together: dissipation from
soil and transpiration from leaf surface. In this manner, potential evapotranspiration may be described like a system for
mass transport; where in the rate of the dissipation is dealt with as a diffusive procedure driven by vapor weight
inclination [13]. Since the reference Evapotranspiration ET, is computed from the radiation, humidity, windiness and
temperature, any adjustments in these variables as an aftereffect of climate change might change the estimation of ET,,.
Since countries around the world develop, the requirement for water will increase while water supply gets to be much
less certain, and it is often insufficient to satisfy demand. Climate change is probably going to worsen the present
demand and supply stresses, especially when more consistent and serious droughts and floods together with rising sea
level are increasingly becoming more evident. In tropical regions, rainfall is forecasted to become similar or greater
regarding annual average volumes, more intense and serve storms and periodic droughts [2].

4 YIELD CROP PRODUCTION

Agriculture is crucial for the economic development, poverty reduction, and food security for the developing
countries, and so these countries are significantly vulnerable to the impact of climate change, since they lack the social,
technological, and financial resources to allow them to adapt to these changes. Food production will be confronted with
more challenges as agricultural crop yields are influenced by changing climate as a result of associated changes in the
temperature and rainfall cycles combined with changes in soil quality, pests, and diseases [36]. For irrigated rice, the
principle concerns are yield, irrigation water demands, and water productivity. Much higher daily temperature may
maximize daily reference evapotranspiration and thereby increase irrigation requirements; however, rapid crop growth
and maturation in a warmer climate might not only lower rice yield but even decrease seasonal evapotranspiration and
thus irrigation demand [42].

Global climatic variations and increase climatic variability are likely to further exert pressure on agricultural systems
and alter the balance between the key determining factors of crop growth and yield; thus, efforts to evaluate the impacts,
adaptation measures and vulnerability to climate change in this changing globe scenario have to be heightened [43].
About 80% of the world’s agricultural land is rain-fed which often brings about no less than two-thirds of world food
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production. Regardless of much higher dangers in rain fed agriculture, particularly in drought-prone areas, there's really
no alternative but a majority of this food is obtained from rain-fed agriculture [44].

On the other side, precipitation represents to an unsafe part for agriculture. Alam et al. [37] mentioned that, an
excessive amount of precipitation prompts flood that makes enormous issues to crops and land fertility, likewise a lot of
precipitation before the end of the yield cycle prompts problems to crops and economic misfortunes towards the
agriculturists. Toriman et al. [45] concentrated on the real impacts of climate change to the rice cultivation rate more than
28 years in Selangor, Malaysia. The outcomes revealed that the dominant part of precipitation recorded was 1,765mm
which has likenesses to the national precipitation pattern. In the meantime, the daily humidity changing from 94-96%
(8AM) and around 70% (2.0PM) despite the fact that the sun shine hours differed between 2.3-9.5hours. Sun shine hours
and temperature mean their significance to the production of the yield. As it is frequently pertinence for the sustenance
and livelihood of human frameworks, the studies to the effects that future climate conditions may have on agricultural
production turns into a key some portion of information for agrarian analysts and policy makers [42]. Reported by Meza
et al. [42] Maize yield could be experiencing climate change, with yield reduction somewhere around 10% and 30%,
subject to climate change situation and additionally the kind of half and half utilized.

The unmanageable natures of climate variables are changing with time influencing farming, economic, social and
ecological manageability of a nation. The overall effect of climate change on agricultural production is little to direct,
where provincial impacts are critical for a lot of territories, because that local varieties in advantages and misfortunes can
lead to a slight general change in world cereal grain efficiency. The effects of climate change on agricultural production
differ from monetary states of nation to nation, district to locale and time to time[37]. Wang et al. [41] analyzed the
impact of climate change on rice yield by considering two climatic situations A2 and B2. To assess the changes of rice
yield the rice crop model ORYZA2000 with downscaling climatic change from HadCM3 were utilized. The outcomes
demonstrated a critical decrease in rice yield by 49.3kg/ha, 32.0kg/ha, and 45.8kg/ha respectively in the previous 50
years.

Climate changes causes crop annihilation, minimal yield, and excessive production cost creating income misfortunes
for farmers, develop their destitution arrange, and raise their occasional unemployment [37, 41] simply because, the
farmers are dependent on agriculture. A research investigated that as a result of climate change, southern Africa will
miss above 30% of its fundamental crop, maize, by 2030 and Asia, especially south Asia and south east Asia will
positively loss major 10% of numerous regional staples, for example, rice, millet, and maize [46]. Krishnan et al. [38]
evaluated the impact of elevated CO, and temperature on rice yield from 10 an assortment of destinations in eastern India
through the utilization of ORYZA1 and INFOCROP rice models. According to their results, each 1C lowering in
temperature ORYZAL and INFOCROP rice models anticipated by on average yield and large yield keeps running of -
7.20 and - 6.66% correspondingly from the present level of CO2 (380PPM).But increment in the CO2 focus as much as
700PPM achieved the normal yield increment of around 30.78% by ORYZAL and 56.37% by INFOCROP rice.

The water issues are harming the manageability of the irrigated rice system and sustenance assurance in the globe
especially Asian region; so our challenge could be to grow new innovations and production frameworks that empower
rice production being kept up or expanded with declining water availability [40]. Parry et al. [47] examined the impact of
climate change on worldwide food security using Global Circulation Model HadCM3 under three ScenariosAlF1, A2,
B1, and B2. For A1F1 situations, a significant ascent in worldwide temperatures was anticipated, and minimizes both of
those globally and locally in yields especially through the 2080s. Under A2 situations, the contrast between yield
alteration in developing and developed nations were the greatest. Under B1 and B2 situations both developed and
developing nations indicate less difference in crop yield changes using the B2 future crop yield changes being somewhat
greater compared with those of the B1 situations. This present and future food security of Asia is constructing to a great
extent with respect to the irrigated rice production system. Above 75% of the rice supply is acquired from 79 million ha
of inundated area [40]. To create 1 kg of grain, farmers should put Two or three times more water in rice fields compared
with those growing different cereals, and in addition in Asia, the amount of water utilized to flood rice fields accounts
around half of most redirected water [48].

A few crop simulation models, like CERES-Wheat, CERES-Rice, AquanCrop Model, ORYAZALl Rice model,
INFOCROP Rice model, and CANAERO model have really been commonly used to inspect the potential impacts of
climate variety for crop development, especially to assess crop yield climate vulnerability under different climate
situations. Table 1 demonstrates a listing of the crop growth models utilized to research climate change consequences for
crop yields in recent studies. Knox et al. [49] dissected the effect of climate change on yield for sugar cane with the use
of HadCM3 general Circulation model under chosen scenarios of A2 and B2 for the base period of 1980-1997 and future
period 2040-2069. To figure out future water requirement and future net yearly, the CANEGRO model implanted with
the DSSAT system was utilized. It was anticipated that the future irrigation water needs will increment by around 20-
22% and crop yield increase by 9%. Babel et al. [36] examined the impact of future climate change on rice yield utilizing
ECHAM4 General Circulation Model under A2 situation. Future climate situation was anticipated for the time of 2020-
2029, 2050-2059, and 2080-2089. CERES-rice model was utilized to ascertain rice yield. The outcomes demonstrated a
decrease later on rice yield compared with the normal yield during the benchmark period. Likewise, S. Shrestha [16]
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evaluated the result of future climate change on rice yield by using HadCM3 GCM under A2 and B2 scenario. Future
climate change situations for timeframes during the 2020s, 2050s, and 2080s were assessed in this study. AquanCrop
model was used to figure the impact of future climates on rice yield. The result demonstrated the minimum and
maximum temperature from the region is anticipated to go up by 0.35-1.72C and 0.93-3.69C respectively in the future.
The climate change effect on agriculture and crop yield had been taken more seriously in recent times.

Various researches have been performed many different regions, e.g. in India, Krishnan et al. [11] in Vietnam, S.
Shrestha [16] in Thailand, Babel et al. [36] in China, Wang et al. [41] in Swaziland, Knox et al. [49] and; in Korea, Ko et
al. [50]. Lai et al. [39] investigated the susceptibility of rice and wheat crops to future climate change by using CERES
wheat and rice models. The experiment of the models revealed higher yields both for wheat and rice under elevated CO,
levels. It is forecasted that, the rice yield will decline about 20% due to elevated CO, and temperature. Global climate
changes as a result of increased atmospheric concentrations of carbon dioxide (CO,) and other greenhouse gases will
alter habits of water yield. Rise in CO, have an effect on water yield through alterations in temperature, precipitation,
runoff, and evapotranspiration [20]. However, it is understood that increased CO, will also affect crop yields. The crop
yield in several of countries of Asia has decreased in the past decade, especially due to rising temperature and extreme
climate situations [51]. Especially rice cultivation that is major agricultural activities and food source in many Southeast
Asian countries mostly relies on climate conditions, water availability, soil as well as other environmental factors.

Climate change effects on harvest yield are not the same in diverse ranges, in a couple of regions it will expand [38,
39 and 50] and additionally in others will decrease [16, 36 and 41] which may be identified with the scope in the area and
irrigation system application. Agriculture is amongst the vulnerable segment to climate conditions, with both climate
variability and climate change. For instance, seasonal climate possesses a major effect for crop developing conditions and
crop yields. Especially rain-water rate and precipitation supply structure, air temperature, soil radiation, air humidity,
wind and so on are vital components for farming cultivation. The positive impacts of climate change on agriculture are
included with the CO, concentration increase, crop progress period brings up in top latitude and Montana situations; the
symptoms incorporate the developing event of insects and diseases, and soil deterioration because of temperature change.
Nevertheless, the instabilities of climate change are an imperative marker for crop yield variety in future climate
scenarios. The effects of climate change on rural production differ from economic states of country to country, area to
area and time to time [37].

There was unmistakably an extensive lessening in precipitation and whole availability of water resources for
irrigation system in the locale during the 1980s, farmers kept on being skilled to enhance the aggregate crop yield by
around 16% on the decade [37, 45] with instabilities on economic development and climate variety, giving more rice has
transformed into a constant challenge to the government and paddy farmers. The affectability of this paddy crop toward
the environment which straight impacts its yield rate makes the entire variables governing its surroundings extremely
vital in the efforts to raise the production rate from the nearby storage facilities [45].

Table 1: Summary of Crop Models used for the study of climate change impacts

Crop model Crop Predicted impacts Country References
ORYAZA2000 Rice Climate change on | China 41
rice yield
CANEGRO Sugar cane Annual net Swaziland 49
CERES Rice Climate change on | Thailand 36
rice yield
ORYAZA1 Rice Elevated CO2 | India 38
concentration
INFOCROP Rice Elevated CO2 | India 38
concentration
AquanCrop Rice Climate change on | Vietnam 16
rice yield
CERES Wheat Climate India 39
vulnerability
CERES-Rice 4.0 Rice Climate change on | Korea 50
rice yield

5 WATER PRODUCTIVITY

Delivering adequate food and making enough income from the developing world to improve feeding poor and
minimizing the number of those struggling will turn into a great challenge. This issue is most likely going to uplift
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having a worldwide population which is evaluated to bring to 7.8 Billion up in 2025, having much pressure on world
food security, particularly in developing countries, by which more than 80% of population increment is expected to
happen [54]. Bettering food generation for that expanding global human population is among the key difficulties for
mankind. Water is easily becoming scare in west Asia and North Africa (WANA) and also the competition for the usage
is increasing more serious. Through these regions, water is definitely the issue that restricts agricultural production [55].
Additional irrigation using a limited quantity of water, if utilized on rain-fed crops during essential stages, may lead to
considerable advancement in yield and water productivity.

Phengphaengsy and Okudaira [56] evaluated water efficiency in paddy fields at the lower Mekong River Basin.
Water production was examined by using a water balance method. The outcome indicated that, decreased water
productivity was seen at preliminary schemes in regions of single farming and better productivity in locations where
numerous agricultural routines were applied. Implementation of water to meet lower than the whole water need for crops
was found to enhance water productivity and conserve water for irrigation new lands. Integrated water and land
management at the watershed scale is the vital to increasing water productivity and allowing sustainable water resource
management [57] major possibilities to improve water productivity are found in water management practices along the
continuum from rain fed to slightly and fully irrigate farming systems. Ximang and Rosegrant [58] assessed water
efficiency at worldwide and nearby levels utilizing IMPACT-WATER incorporated water and sustenance model
developed at the International Food Policy Research Institute (IFPRI). It is found that the water profitability of rice ran
from 0.15 to 0.60 kg/m3, in spite of the fact that that of other grain crops extended from 0.2 to 2.4 kg/m3 in 1995.

In several conditions there exists pressure in order to spare water, to improve water productivity or even to do both of
those. The challenges for producers, irrigation system overseers, and water resource policy makers are going to recognize
and actualize water strategies and practice which can be suitable for the area and time, furthermore to verify that
institutional climate is in a way that these may change when the need changes. Moreover, there are variable impacts from
government policies regularly influenced by worldwide guide and administrative offices. Oweis et al. [55] researched
water productivity of mandate crops in dry regions of West Asia and North Africa. It truly is shown that, the
development of water productivity is only able to be made through incorporating farm resources management. It really
has been figured that, when water is scarce, high farm incomes is likely to be received by increasing water productivity
compared to maximizing land productivity. According to Tuong et al. [40] even while raising the productivity of
irrigated rice with occurred water might require breakthroughs in reproducing, numerous current advances reduces water
inputs at the field level, while expanding field level water efficiency in regards to irrigation and total water inputs.

Additionally, a large portion of them come to the detriment of decreased yield. The reasons for high water efficiency
by utilizing water compelling irrigation system regime are that the irrigation water necessity is minimized astoundingly,
and the rice yield is increased [51]. Wokker et al. [53] studied on water productivity of rice irrigation system. They
revealed that rice production with respect to water inputs was 0.057 and 0.069 for wet season production and 0.125 in dry
seasons respectively. Loeve et al. [52] assessed water productivity within the Zhanghe irrigation district (ZID) in the
Yangtze River Basin, china. Based on their research, the crop of water availability for irrigation led to adaption of water
saving techniques and policies that resulted in an important grow in water productivity per unit of irrigation water. Water
saving, in our opinion, must be seen through the planned of growing the efficiency of water (WP). In any case, to figure
out the amount of water may occupied to utilize instead of the exact crop being grown, it's fundamental to recognize the
water which is spared in the farm or framework level from that which is saved from the watershed or basin level.

To raise water output we should use much less water, however, this concept may end up a decrease in yield.
However, Getting more rice with less irrigation program (less water inputs) is achievable but systems strategies are
required to know the cross-scale impact, and also to minimize the negative impacts of reducing water inputs to rice fields
[40]. There exists a concern to raise the water productivity and crop yield by using less water inputs, however, this isn't
always symbolic of saving water because in locations where water has already been scare, farmers have to be designed
with technologies to cultivate rice with less water, not to ever save water while there is no water to avoid wasting, but
merely because there's insufficient water to cultivate rice in the conventional way [40, 55]. However, Long term
investigation on water productivity index using GCMs may lead to less water consumption and more crop production.

6 CLIMATE SCENARIOS AND MODELS

Regular climate change predictions to the current century for each region can be acquired from general circulation
models. General Circulation Models, also referred to as Global Climate Models (GCMs), are models that deal with the
ancient equations of mass, energy and thermodynamics to create an information of the condition of the environment, and
create many of the meteorological parameters, like wind speed, relative humidity, rainfall, temperature and solar
radiation [33]. The GCMs are generally utilized mutually, like a multi-model assessment, where long-term sequence in to
the future and other Green House Gas (GHG) emissions scenario widely-used to generate climatic data [59]. This
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technique allows a primary look at the like capability of future climate changes that is usually categorized as global
warming attire projection or climate change cover [3, 33].

Studies on climate-change effects are primarily dependent upon the outcome of GCMs. The GCMs are world-wide
scale simulations with doubtful applicability for local scale application. For impact analysis, the estimations of GCMs
could merely be employed to develop climatic change scenarios, and also to produce input data for evaluation model
using the weather generator [15]. Kim et al. [60] studied climate change effect using AGCM20 which was developed by
the Japan Meteorological Agency (JMA). They predicted that the future water resources condition at the Basin may not
be very different to the current condition. Nevertheless, the accessibility of data, dependability on outcomes along with
their resolution causes it to be crucial to perform some assessment before utilize the GCM output for research. It is
usually unlikely to rely on the output of a GCM with rough resolution which represents the long run climate of any
region with a great agreement [61]. Even though the projected scenarios are sensible for the regional to countrywide scale
studies, they're less ideal for basin level analyses due to their course spatial resolution.

GCMs are crucial devices that are utilized to estimate future climate change. In any case, current GCMs typically run
for a size of 200-500 km, that is certainly too harsh for applications at local or regional sizes of 10-50 km [62]. The
capacity of GCMs is greatly poor for variables that depend very on regional topography like precipitation, surface wind
and temperature. Kusunoki et al. [63] assessed the instability of anticipated environmental change by utilizing two
Atmospheric Ocean General Circulation Models (CGCM 2.3.2, and MIROC) under A1B Emission Scenario. Reproduced
future atmosphere results demonstrate that, the precipitation and its intensity strengthen across Yangtze River Valley of
china and western Japan. The Intergovernmental Panel on Climate Change (IPCC) delivered future emission scenarios in
1990 and 1992. Such situations have been as often as possible utilized as a part of the investigation of conceivable
climate change, its effects, and alternatives to minimize environmental change. Forecasting the future precisely is really
testing, for the most part if the outcome or the forecasts themselves can establish information and changes in human
habit. Accordingly, assessment of the probable impacts of environmental change on water resources uses scenarios or
"storylines" of potential future changes, which basically require a great part of the assortment of conceivable prospects.

The emissions rely on upon those delivered by the IPCC Nakivenovic et al. [64] and referred to as SRES (Special
Report on Emission Scenarios). As reported by the fourth assessment report by Intergovernmental Panel on Climate
Change (IPCC), four scenarios have been examined specifically Al, A2, B1, and B2, that may be produced in accordance
with the different socio-economic and environmental aspect. Al is further split into A1FI, ALT, and A1B that represent
the future are regularly more fossil extreme, non-fossil vitality usage and sensible around all sources respectively [2]. In
the IPCC report, the Al scenario recognizes a quick economic development, world populace and quick arrival of new
and more useful technologies. The A2 situation represents to that the overall populace is developing, and financial
improvement by and large emerges from regional growth. The per-capita economic development and innovative change
have a tendency to be more divided and slower than in other scenarios. The B1 scenario portrays a concurrent world
utilizing the same world populace that levels in mid-century and brings down later on, like the Al scenarios, however,
with rapid changes in economic structures towards a service and information economy. The B2 scenario relates to mainly
the outcome of the regional overall economy, society, and maintainability. The world populace is developing, yet less
rapidly than in the A2 scenario. Despite the fact that the scenario is headed to ecological scope and social value, it
concentrates on regional and local levels.

Various studies have used Global Circulation Models (GCMs) to predict the effects of environmental change on
water resources considering future climate projections [60, 63, 65, and 66]. Gummadi et al. [66] investigated the climate
change effects and variability on agricultural water resources using HadRM3 Global Circulation Model (GCM) under A2
and B2 situations. The general results demonstrated that, the mean yearly stream on the waterway system will increment
by 8% in A2 and 4% in B2 while, rise in evapotranspiration losses set up together around 10% in A2 and 12% in B2.
Climate change impact analysis is generally done utilizing GCMs to produce climate change scenarios. GCMs produce a
spatial determination of 400km by 500km. outcome from GCMs may be used as input data to regional climate models
(RegCMs) with more important resolutions of 50 km by 50 km to display all the more explaining parameterization of
local meteorological and hydrological forms. Climate change output may consolidate into hydrological models look at
effects on water resources. Hong et al. [65] considered climate change impacts by using Regional Circulation Model
(RCM) taking into account the Representative Concentration Pathway (RCP) 8.5 situations. SLURP Hydrological model
was adopted to decide the outflow. They exhibited that, runoff attributes could change and discharge tends to decrease
while water flow can increase. On the other hand, the mean normal minimal water flow expanded as the normal wet and
average overflow decreased within the climatic change situation.

On the other hand, the fifth report of IPCC set Representative Concentration Pathway (RCP) scenario, which shows
the currently changing patterns of greenhouse gas concentration and up graded the resolution to fit the recent model. The
present greenhouse gas situation simply incorporated the pressure from just the impact of greenhouse gasses and aerosol
among the unnatural components causing climate change, as the RCP scenario includes the effect through the change in
land use. The concentration of the four agent greenhouse gasses presented in the RCP situation is 2.6, 4.5, 6.0, and 8.5.
RCP 2.6 is the circumstance of practical self-recuperation of the planet from the impact of human exercises. RCP 4.5 is
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the situation in which approaches to minimize greenhouse gasses are applied generally. RCP 6.0 is the situation when
strategies to lower greenhouse are performed to a little degree. Whereas RCP 8.5 happens when greenhouse gases are
released like now.

Direct output from an individual GCM is susceptible to the level of sensitivity and pushing throughout the specific
GCM scenario, without any further amount of probability attached. If a particular scenario is utilized to simulate a certain
impact, the outcome could be relatively precise yet are depending on that single scenario, and therefore are impossible to
be related other possible futures [67]. However, the GCM scenarios don't produce information regarding alterations in
inter-annual variability or inter-monthly variability. The quantification of climate change uncertainty comprising the
variety of the global warming effects and local climate variation remains to be a research challenge. GCMs have
uncertainties in projecting future climate data, as they can provide an acceptable precision about huge scale
characteristics and various other changes caused by climate forcing [68]. Due to the fact every climate model have their-
own uncertainty, several climate model will improve to help with the precise projection obstacle [69]. Thus, additional
study on GCMs will probably be focused on how to improve the awareness of GCMs and to contemplate feedback of the
variables imparting climate model projection results.

Table 2: Summary of Global Circulation Models used for the study of climate change impacts

Number of GCMs Scenarios Objective of the odel References

7 A2 Uncertainty analysis 9

13 A2, AlB, B1 Uncertainty analysis 12

2 A2 and B2 Climate change impacts 7

4 AlF1, and B21 Climate change impacts 17

1 B2 Climate change impacts 18

2 A2, B2, and A1B Climate change impacts 16

1 A2 and B2 Climate change impacts 20

1 A2 and B2 Climate change impacts 16

2 AlB Uncertainty analysis 63

1 A2 and B2 Climate change impacts 66

Table 3: List of GCMs and their sponsored countries
GCMs Organizations/Sources

HadCM3 Hadley Centre in the United Kingdom

SCIRO Queensland Climate Change Centre of Excellence,
Australia

ECHAMS5 Max Planck Institute for Meteorology, Germany

MIROC Center for Climate System Research, University of
Tokyo, Japan

GFDL NOAA Geophysical Fluid Dynamics Laboratory, United
States

AGCM3 Canadian Centre for Climate Change Modelling and
Analysis, Canada

GISS- AOM National Aeronautics and Space Administration NASSA
/ Goddard Institute for Space Studies GISS, United
States

MEDRES National Institute for Environmental Studies and Frontier
Research Centre for Global Change, Japan

CCSM4 National Centre for Atmospheric Research, USA
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7 CONCLUSIONS

This review is isolated into three sections: in the first section, estimating the future climate changes effects on
irrigation system water requirements; second, crop efficiency, third, crop evaporation and evapotranspiration, fourth,
crop yield and fifth, evaluating utilization of Global Circulation Models. While analyzing the potential effects of climate
change with wide agro-natural variety, it is vital to represent spatial variability. Strategy producers and farmers will pick
adaptation procedures. To adapt to climate change, water administrators may execute local adjustment methodologies
that ordinary measures for determining water stress. On the other hand, extending irrigation demand would build the
operation cost of irrigation system plans, especially to pump irrigation systems. It would likewise have effect on the
irrigation system that depends on supplies. For the food security consideration, enhancing irrigation productivity and
lessening transport costs in the irrigation canals might have a higher need.
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