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Abstract: This paper gives an extensive review of previous 

research work conducted to identify the impacts of climate change 

on water availability, crop yield and food quality. The research 

investigations conducted suggests that climate models with higher 

resolution can be more helpful in generation of future climatic 

projections. Stochastic projections of more than one model are 

vital for finding vulnerabilities and also to form management 

policies. Climate change has its impacts primarily on temperature, 

precipitation, surface water and ground water so the agricultural 

practices need to be improved simultaneously. Models which 

simulate the yield are useful tools for assessing the yield response 

to change in climatic constraints. Multiple climate models 

integrated with weather generators and yield simulating models 

(like DSSAT, AquaCrop, InfoCrop, CropSyst) are very useful in 

improving the strategies to adapt with the changing climate and 

food quality. The evapo-transpiration will get changed due to 

increase in temperature; crop yield will also get reduced. Hence 

the agricultural lands needs to be expanded, studies with multiple 

climate models are to be integrated with population, crop yields so 

as to tackle the problem of water availability, crop production, 

food quality & security. 

 
Index Terms: AquaCrop, Climate change, Crop yield, DSSAT, 

Food security, Water availability.  

I. INTRODUCTION 

 Worldwide food-security debilitated by changing climate is a 

standout amongst the main critical difficulties in the 21st 

century. The problem to supply adequate nourishment for the 

expanding population of the world while dealing with the 

already stressed environment is an important challenge [1]. 

Climate change has caused critical effects on water assets, 

food security, hydropower, human wellbeing particularly for 

African nations, and in addition to the entire world [2]. The 

studies focussing on climate change and its effects are 

progressively becoming significant areas of concern for 

example, maize, wheat and rice yields [3– 9], water resources 

in the stream or catchments [10– 13], woodlands or forests 

[14], industries [15] and the local landscape [16, 17]. 

Variable nature of climate is one of the most significant 

factors influencing annual crop yields [18]. Availability of 

water is one of the restrictive constraints for production of 

crop and food-security. Fujihara et al.[19] concluded that 

scarcity of water will not occur if demand of water is hiked; 

but, if the irrigated area is expanded under present irrigation 

efficiency rates, water insufficiency will occur. This paper is 
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projected to supply useful information to scientists as well as 

policy-makers who are concerned in understanding the 

impacts of changing climate on water availability, crop yield 

and food-security so as to formulate appropriate strategies.  

II. SCENARIOS OF CLIMATE CHANGE  

A Climate-scenario is a sensible representation of the 

upcoming climate based on a variety of climatological 

interactions and supposition of radioactive forcing [20]. It can 

be envisaged by global climate models (GCMs) and regional 

climate models (RCMs), which are complex 3d numerical 

illustration to show the processes between the atmosphere, 

land surface, oceans and sea [21]. Climatic projections are to 

be considered as competent technique to put up the possible 

future situations under specified emission scenarios [22, 23]. 

Table 1 shows a synopsis of Global Circulation Models used 

for future scenario projection.  

Higher spatial determination GCMs as a rule performs 

proficiently for climate recreations and as a result they give 

climate researchers with the capacity to procure better 

understanding into the effect of climate change on agriculture 

yields [21]. Blenkinsop [24] proposed that RCMs have a few 

issues when they are utilized to mimic the observed durations 

affectability month to month precipitation sums. Climate 

models needs to be incorporated with different different 

approaches to predict the parameters such as precipitation, 

minimum-maximum temperature, radiation. Metzger et al. 

[25] introduced an A-T-E-A-M 

(Advanced-Terrestrial-Ecosystem-Analysis-and-Modelling) 

model structure to quantify the susceptibility of 

climate-change using the GCMs, HadCM3  to predict climate- 

change in year 2080. Suppiah et al. [22] employed the 

statistical techniques to pick 15 best suitable models to obtain 

the yearly and seasonal average climatic forecasts of 

precipitation and temperature in Australia. Kang [26] 

conducted a review study to find the factors contributing to 

climate change and consequently to crop yields and food 

security. It was concluded that the climate change studies are 

the trending topics for the climate scientists and policy makers. 

Groves [27] invented a fresh logical scheme based on 

Robust-Decision-Making to compute the SRES scenarios 

developed by the scenario axes technique.  

Valipour et al. [28] conducted a study including the regions 

arid, semi-arid, Medi-terranean, and very humid. The 

objective of the research was to select the best model to 

calculate the potential evapo-transpiration due to climate 

change. It was concluded that the Blaney Criddle and Abtew 

models were the most efficient models for arid and 

semi-arid-areas.     
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Table 1 Global circulation models (GCMs) employed for 

projections under different scenarios [22] 

Model 

 
Horizontal- 

Resolution 

Modeled data 

availability 

 

  

  

BCC CM1  1.9  X 1.9 

1871 

to 

2100 

 

BCCR BCM2.0  1.9  X 1.9 

1850 

to 

2099 

 

CCSM3 

 

1.4  X 1.4 

1870 

to 

2099 

 

  

CCCM3.1-(T 47) 2.8 X 2.8 

1850 

to 

2100 

 

 

CCCM3.1-(T 63) 1.9  X 1.9 

1850 

to 

2100 

 

 

CNRM-CM3 

 

1.9  X 1.9 

1860 

to 

2090 

 

  

CSIRO Mk-3.0 

 

1.9  X 1.9 

1871 

to 

2100 

 

  

MPI OM 1.9  X 1.9 

1860 

to 

2100 

 

ECHO G 

 

3.9  X 3.9 

1860 

to 

2100 

 

  

  

  

FGOALS g1.0  2.8 X 2.8 

1850 

to 

2099 

 

GFDL CM2.0 
 

2.0 X 2.5 

1861 

to 

2100 

 

  

GFDL CM2.1  2.0 X2.5 

1861 

to 

2100 

 

GISS AOM 

 
 

3.0 X 4.0 

1850 

to 

2100 

 

  

GISS EH  4.0 X 5.0 

1880 

to 

2099 

 

GISS ER  4.0 X 5.0 

1880 

to 

2100 

 

INM CM3.0  4.0 X 5.0 

1871 

to 

2100 

 

IPSL CM4  2.5X 3.75 

1860 

to 

2100 

 

MIROC3.2 1.12X1.12 

1900 

to 

2100 

 

MIROC3.2 2.8X 2.8 

1850 

to 

2100 

 

MRI CGCM-2.3.2 2.8 X 2.8 

1851 

to 

2100 

 

PCM  2.8 X 2.8 

1890 

to 

2099 

 

 
2.5 X 3.75 

1860 

to 

2099 

 

UKMO- HadCM3   

UKMO-HadGEM1 1.25X  1.9 

1860 

to 

2098 

 

Xu et al. [29] employed the P.R.E.C.I.S. model to forecast 

average rainfall and temperature in China for year 2080 for 

B2 climate scenarios. It was concluded that the average 

precipitation and temperature would hike. GCMs have been 

used to forecast climatic scenarios and assess climate change 

effects by employing downscaling techniques [30]. GCM data 

on average have a low resolution of several degrees thus lacks 

in the spatial and temporal accuracy required for thorough 

small scale researches [31-33]. 

III. CLIMATE CHANGE EFFECT ON 

AVAILABILITY OF WATER  

Water-resources assume an imperative part in human 

flourishing and yield efficiency [34]. The water accessibility 

problems incorporate, to what extent water can be occupied 

from the accessible water to what extent water be able to put 

away in surface stores. Environmental variation is one of the 

peak weights in water cycle alongside populace development, 

contamination [35, 36]. Guo et al.[37] considered the impact 

of climate change on the overflow and water assets with the 

geographic data framework & G.C.M.s in China and 

proposed that overland flow is less sensitive to temperature 

increment in comparison to rainfall increase. Ma et al. [38] 

investigated about atmosphere changeability effects on yearly 

stream-flow by the k-test and p-test in the Shiyang River, 

China, the outcomes show that environmental variation can 

lessen 64 % of mean yearly stream-flow inferable from 

diminished precipitation. Wurbs et al.[39] built up Water 

Accessibility Displaying (WAM) framework to survey the 

water supply capacities and investigate atmosphere effects on 

water accessibility for water clients who rely upon water of 

the Brazos River Basin, Texas, and the key outcome is that 

future atmosphere may diminish the mean stream-flow, and its 

consequences for water accessibility are different in various 

districts of the waterway bowl. Quinn et al. [40] researched on 

an incorporated framework to examine the effects of 

atmosphere inconstancy on water resources in the San 

Joaquin Basin of California, it was presumed that the strategy 

can give suggestions to successful administration systems to 

evaluate atmosphere uncertainties.  Qin et al. [41] clarified the 

multi-criteria choice master framework to break down water 

accessibility under climatic change conditions in the Georgia 

Basin in Canada. The outcome demonstrates that it is vital to 

survey environmental variation impact on financial and 

natural perspectives. 

 

IV. CLIMATE CHANGE IMPACTS ON CROP YIELD 

AND FOOD SECURITY 

 

The effects of climatic change on yield can be estimated by 

models which simulate the yield of agriculture crops. Various 

harvest models example CERES Maize & Wheat (Crop 

Environment Resource Synthesis), InFoCrop, 

AquaCrop-FAO and SWAP (Soil– Water– Atmosphere– 

Plant) [6], have been utilized across the globe in simulation of 

yield of crops and estimating the fluctuations in agricultural 

outputs.  
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Table 2 demonstrates list of various models employed to 

showcase the yields and change in agricultural outputs due to 

climate variability. 

 

 
Eitzinger et al. [42] employed the C-E-R-E-S Wheat Model to 

evaluate the impact of environmental variation on wheat 

yield. Multiple climate scenarios were considered in this 

research study. It was concluded that that the increase in CO2 

increases the yield of crop. Luo et al. [43] employed the 

D.S.S.A.T. 3.5 (Decision Support System for 

Agro-innovation Transfer) CERES-Wheat models to assess 

the climatic change consequences on wheat yields Southern 

Australian region was taken as research area considering all 

CO2 levels. It was concluded that wheat yield will increment 

till 2080's under all CO2 levels. Foster et al. [44] presented an 

open-source software FAO AquaCrop model.  It was 

concluded that Aquacrop model is effective in simulating the 

water limited crop yield growing in dissimilar environmental 

and agronomic conditions.  

V. CONCLUSIONS 

This paper gives an exhaustive review on the various climate 

models, multiple climatic scenarios and crop yield simulating 

models. The major impacts of climate change were found 

primarily pointing towards water availability, crop yield and 

food security. For the prediction of climate change impacts, 

various climate models were developed by the researchers, 

research organisations and climate scientists all over the 

world. But the models which integrate with higher spatial 

resolution were found quite helpful in estimating and 

prediction of future climate scenarios. The projections of 

future climate illustrates that temperature will be hiked but the 

precipitation may hike or drop depending on the location of 

the study-area. Further, it was observed that Global warming 

will create hike in temperature and extreme rainfall events to 

occur frequently. Thus, Crop yield will be affected directly 

due to this climate change. However, the impacts on crop 

production can be reduced if proper studies including 

multiple climate models and multiple weather generators are 

employed to get more accurate forecasts for the future 

projections. Models which simulate the yield are useful tools 

for assessing the yield response to change in climatic 

constraints. Multiple climate models integrated with weather 

generators and yield simulating models like DSSAT, 

InfoCrop, AquaCrop, CropSyst are very useful tools.  The 

adaptive measures for climate change can be formed by 

conduct of studies which ensembles multiple climate models 

integrated with constraints like population, yield and hence 

the ill effects of climate change may be encountered. 
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