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Abstract 
Climate extreme events have threatened food security and the second Sus-
tainable development goals (SDGs) “zero hunger” both directly via agricul-
tural food loss and indirectly through rising food prices. We systematically 
searched and used a combination of results from various models, which play 
a crucial role in predicting the potential impact of climate change on agricul-
tural production and food price. Therefore, we searched online databases in-
cluding EMBASE, Web of Science, Scopus, Google Scholar, and grey litera-
ture. Then observational studies were included from January 1990 to August 
2021, which reported food price proportion under climate disturbances. Re-
sults showed that 22 out of 26 studies from 615 articles, identified in the me-
ta-analysis predicted the food price ratio would be fluctuated up to 28% be-
fore 2020, while the ratio will be marked up at 31% from 2020 to 2049 and 
then will scale down during 2050-2100. The compiled ratio was estimated at 
26% in the long period between 2000 until 2100 under climatic weather events. 
Drought was a significant weather disturbance with a 32% increase in food 
prices. Consequently, the Food price increase will significantly affect food ac-
cessibility in lower-income countries, primarily until 2050. Policymakers should 
prioritize and act through redesigning food security policies according to 
climatic extremes in their settings. 
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1. Introduction 

Climate change has broad implications for agricultural food production through 
temperature-related and precipitation-related drivers. Climate drivers are clas-
sified as modal climate changes, seasonal changes, for instance, warming trends 
extending growing seasons, extreme events, and atmospheric conditions, e.g., 
Co2 concentration (Mbow et al., 2019). Climate change refers to long-term 
changes usually over 30 years and has different impacts on human life (Dell et 
al., 2014). Therefore, Researchers apply the combination of Representative Con-
centration Pathways (RCPs) to Socio-economic Pathways (SSPs) conditions for 
focusing on a specific part of the future socioeconomic condition to estimate 
climate change impacts (Hasegawa et al., 2015a). The Special Report of (Inter-
governmental Panel on Climate Change) IPCC on global warming presented 
that climate-related risks to food security are projected to increase with global 
warming of 1.5˚C and rise more with 2˚C (Mbow et al., 2019). During the last 
decades, much evidence has corroborated the relationship between extreme 
climate events such as drought, flood, storms, etc., and the direct and indirect 
adverse impacts on the food security dimension (availability, accessibility, utili-
zation, sustainability). Conceptually, climate change might have direct and indi-
rect primary effects on agriculture, leading to declined crop production. In other 
words, local weather disturbances inevitably affect food markets, resulting in in-
creased food prices. The indirect impact will be diminished food accessibility. 
This phenomenon is a growing menace of food utilization by reducing both 
quantity and quality of food consumption as well as health sanitation and safe 
water access (Nelson et al., 2010; Wheeler & Von Braun, 2013; Hallegatte, 2016). 
Overwhelming evidence shows an upward exposure of low- and middle-income 
countries to climate disturbances rising from 83 percent of the countries in 
1996-2000 to 96 percent in 2011-2016. Findings indicate that the agricultural 
sector comprising an average of 25% of the economy, has been adversely affected 
by extensive and medium-degree climate hazards, particularly in low and mid-
dle-income countries (LMICs) (WHO, 2020). A well-known example is the food 
price crisis in 2008 that led to the dramatic increase of food prices up to 130 
percent for traded wheat and 70 percent for rice compared to 2007 (Conceição & 
Mendoza, 2009). In 2006 and 2007, when the primary producers of some grains 
and oilseeds in the European Union (EU), Australia and Ukraine experienced 
the harmful impact of climate variability and declined products. Consequently, 
such food price spikes pushed 40 million people worldwide to an undernou-
rished condition and aggravated the numbers from 923 million in 2007 to 963 
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million in 2008 (Mittal, 2008). Recently the estimation of relative to median-level 
climate change shows additional hunger exposure of 20% - 36% and 11% - 33% 
population by 2050 under high and low emission scenarios, respectively (Hase-
gawa et al., 2021). Several studies attempted to explore the relationship between 
climate change and food price using different approaches, i.e., parameter choice 
harmonization or model structure (Green et al., 2013; Wheeler & Von Braun, 
2013; Delincé et al., 2015). The typical method is combining different economic, 
agricultural and climatic models to estimate the impacts of climate change on 
the economy and the behavioral prediction of scenarios.  

Researchers have used four distinguished models, each with its own merits and 
limits, to understand the future effects of climate change on food security and 
economic features: 1) Agro-economic simulation and partial equilibrium (PE), 2) 
Statistical cross-sectional or intertemporal analysis, 3) Computable general equi-
librium models (CGE), and 4) Crop simulation models (Delincé et al., 2015). 
However, there are several limitations for each one. Consequently, an excellent 
review of the results of food prices through different models will be more com-
prehensive. This article aims to overview the global food price resulting from 
climate change effects by synthesizing the outcomes from observational evidence 
taken from all continents. According to our search, no systematic review or me-
ta-analysis has compiled the food price prediction for a long future horizon with 
different models. We conducted a meta-analysis to determine the magnitude of 
the impact of climate change and the relative influence of other economic and 
agricultural uncertainties on food prices. Our findings will provide an evidence- 
informed perspective, which we envisage for policymakers and scientists in de-
signing efficient policies to attain zero hunger along the pathway towards sus-
tainable development goals (SDGs). 

2. Methods 

This is a systematic review and a meta-analysis designed in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
(Page & Moher, 2017) and the Meta-analysis of Observational Studies in Epide-
miology (MOOSE) guideline statements (Stroup et al., 2000). In this study, PICOTS 
stands for the following:  

Population: People in all regions of the globe; 
Intervention: None; 
Comparator: None; 
Outcome: The percent change in food price under climate change; 
Time: From January 1990 to August 2021; 
Type of studies: Observational studies.   

2.1. Search Strategy   

We systematically searched PubMed, Web of Science, SCOPUS, Google Scholar, 
Magiran and Iranian Scientific Information Database for observational studies 
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published from 1990 to August 2021. The searched keywords were “climate 
change”, “global warming”, “climate variability”, “greenhouse gas emissions”, 
“GHGE”, “food price”, “food price change”, “food price elasticity”, “food cost”, 
“food price index”. No limitation was imposed on language and geographic re-
gion. In addition, we manually searched relevant studies by screening the refer-
ence lists of the retrieved studies, reference lists of review articles, and the grey 
literature. We screened all articles by importing them into EndNote (version X7, 
for Windows, Thomson Reuters, Philadelphia, PA, USA). Table 1 presents the 
search strategy. 

2.2. Study Selection 

We selected relevant studies according to the following criteria: 1) Observa-
tional studies designed with case-control, cohort or cross-sectional, and 2) all 
studies that reported the percentage of food price under climate change. No 
restriction imposed on model estimation, geographical region, time period, and 
extreme weather events. Initially, two investigators (AK and RAB) indepen-
dently checked the titles and abstracts and excluded articles that did not meet 
the eligibility criteria, according to a hierarchical approach based on the study 
design, population, exposure, and outcome. We retrieved the full texts of all 
eligible articles and screened them through the second evaluation. Any disa-
greement was resolved through researchers’ discussion until consensus was ob-
tained.  

2.3. Exclusion Criteria 

We excluded review articles, animal studies, short communications, letters, books, 
grey literature (congress abstracts, dissertations, and patents), and those not pub-
lished in English or were irrelevant to the subject of our review, as well as all 
studies that reported food price under different reasons, e.g., conflicts or wars 
combined with weather extreme events.  

2.4. Data Extraction   

Two researchers (AK and RAB) independently extracted data from each eligible 
study based on a predefined structure and resolved any disagreement by discus-
sion. We extracted the first author’s name, publication date, country, area, and 
Continent; study design, study period and time horizon, the season of data ga-
thering, and effect sizes that reported the percentage of food price with 95% CI  
 

Table 1. Search strategy used in Scopus database.  

Scopus 

(TITLE-ABS-KEY (“climate change”) OR TITLE-ABS-KEY (“global warming”) OR TITLE-ABS-KEY (“green house effect”) OR 
TITLE-ABS-KEY (“climate variability”) OR TITLE-ABS-KEY (“GHGE”) AND TITLE-ABS-KEY (“food price strategy”) OR 
TITLE-ABS-KEY (“food costs”) OR TITLE-ABS-KEY (food AND price AND elasticity) OR TITLE-ABS-KEY (“food price”) OR 
TITLE-ABS-KEY (“food price change”) OR TITLE-ABS-KEY (“food price index”)) 
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under climate change with any method. All economic, agricultural, or climatic 
variables, including GDP, type of weather extreme events, climatic variables, 
food consumption, type of crop or other agricultural food products, agricultural 
situation, food import, food inflation and subsidies, and the economic situation 
of countries were extracted. To obtain the missing data, the first author (RAB) 
sent E-mails to the corresponding authors of selected studies; if there was no re-
sponse after 3 - 4 weeks, the study was excluded.  

2.5. Quality Assessment and Assessment of the Risk of Bias 

We assessed the quality of observational studies according to the indicators in-
troduced by the Joanna Briggs Institute’s (JBI), the critical appraisal tool (Check-
list for Proportion Studies). In this tool, the quality characteristics are catego-
rized in 9 items, the items which answered by Yes, took one point and if ans-
wered by No, took zero points. Items: 1) Was the sample frame appropriate to 
address the target population? 2) Were study participants sampled in an appro-
priate way? 3) Was the sample size adequate? 4) Were the study subjects and the 
setting described in detail? 5) Was the data analysis conducted with sufficient 
coverage of the identified sample? 6) Were valid methods used for the identifica-
tion of the condition? 7) Was the condition measured in a standard, reliable way 
for all participants? 8) Was there appropriate statistical analysis? 9) Was the re-
sponse rate adequate, and if not, was the low response rate managed appro-
priately? The total points will be 9 that would be allocated to the highest quality 
of studies (Joanna Briggs Institute, 2017). Accordingly, we categorized the stu-
dies into three quality groups and labeled them as “high quality” (7 - 9 points), 
“medium quality” (4 - 6 points), and “low quality” (below 3 points). Finally, 
fourteen studies were classified as high quality between (7 - 9 points) according 
to our categorization of JBI tool scores and 12 studies as medium qualities be-
tween (4 - 6 points). We excluded low-quality studies that took (below 3 points) 
points which were explained above. All discrepancies were resolved through dis-
cussion with the corresponding authors (AT, HP) and were reported in supple-
mental Table S1. 

2.6. Data Analysis 

Statistical analysis 
We applied the fixed-effects model to calculate pooled percentage (propor-

tion) estimation with 95% Confidence Intervals CIs for food price. When be-
tween-study heterogeneity was significant, DerSimonian-Laird random-effects 
model was used to take between-study variation into account. Some studies had 
a proportion under 5%; therefore, we used CI Method (exact) or the binominal 
method according to the metaprop commands (Nyaga et al., 2014). 

We conducted the Cochran Q test and I2 statistics to evaluate heterogeneity 
among the studies (Higgins et al., 2019). If the Q statistic had P < 0.1 or I2 > 50%, 
the heterogeneity was perceived as significant (DerSimonian & Laird, 1986). 
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In the analyses, where I2 > 50% was observed, we explored possible sources of 
heterogeneity by subgroup analyses based on pre-defined criteria. Those criteria 
include; the type of extreme weather events (droughts, floods, RCP scenarios, 
temperature-precipitation varieties), the type of study design (cross-sectional, co-
hort), the geographical region (in 5 continents), and multiple continents if con-
ducted in two or more continents, time horizon classified into three groups to 
predict food price (before 2020, 2020-2049, and 2050-2100), the agricultural crop 
production set at three levels (decreased production, increased production, no 
report as to increase or decrease), the GDP (decreased, increased, no-report), 
and the economic position of countries (high, middle and low-income). Many 
studies reported food prices for a couple of agricultural food products during the 
time zone, for which we estimated the mean of food price ratio. Other studies 
reported food prices for the baseline year and a long-term future. Hence, we 
calculated the food price change and included it in the meta-analysis. 

Outputs are presented in tables and forest plots, where the proportion and 
95% (CI) are figured out for every study inserted in the model and for the overall 
estimate. 

We conducted sensitivity analyses to evaluate the considerable influence of an 
individual study or a group of studies on the results. In all subgroup analyses, 
the fixed-effects model was applied. When this was the case, the data were 
re-analyzed by excluding that study. In addition, Egger’s test was conducted to 
visualize the inspection of asymmetry in funnel plots to assess the potential pub-
lication bias. 

To avoid systematic bias, studies were entered into the model of each cumula-
tive meta-analysis successively according to the data collection time and not the 
publication time. All statistical analyses for the current meta-analysis were per-
formed using STATA version 14.0 (Stata Corporation, College Station, TX). P 
values < 0.05 were considered statistically significant. 

3. Results 

We identified 615 studies in the primary systematic search and 23 grey literature. 
After removing 86 duplicates and 385 irrelevant articles, 167 full-text articles 
were assessed for eligibility. Finally, 26 articles, including eight cross-sectional 
and 18 prospective cohort articles, met the inclusion criteria for the systematic 
review, of which 22 studies with 23 effect sizes that reported food price in per-
centage were selected for analysis in the qualitative part for meta-analysis. Four 
studies did not report the outcome by percentage and described the food price 
situation with “increase” or “decrease” included in the systematic review. The 
included articles were published between 2009 to 2021. According to the model 
administration or measurement approach, different research areas were chosen: 
13 studies were conducted in a single country. 

In contrast, data for other 13 studies were gathered from 4 to 133 countries 
and regions in five continents. We categorized research areas according to data 
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gathering; therefore, studies in which the countries were selected from two 
continents were clustered as a multiple continent level, while others were classi-
fied according to one Continent’s source. The study period was chosen before 
2020 in 9 articles, whereas most of the remaining 17 studies used the time ho-
rizon to estimate food prices between 2021-2100. It was necessary to report 
data gathering for extreme climatic events, but in 8 studies, only the situation 
of (precipitation or temperature) was illustrated. Seven studies did not report 
any extreme weather events, but such conditions were directly mentioned in 
12 studies.  

Studies in which food price was reported in more than two countries from 
different economic situations were categorized in one level. The characteristics 
of data extraction are presented in Tables 2-4.  

 
Table 2. Descriptive summary of 26 studies included on the effects of climate change on food price for systematic review and me-
ta-analysis, during 1990-2021. 

Author/ 
Country 

Year of 
publication 

Research Area/Continent Study Design Model/Measurement approach 
Study period/ 
Time Horizon 

food consumption 

Batisani, N. 
Botswana 

2012 Botswana AFRICA Cross Sectional 
Spatial-Temporal Agricultural drought 
Dynamics, SPI McKee 

2008-2009 
Rainfall data 
(1975-2005) 

NR 

Bandara, J. S. 
Australia 

2014 
Bangladesh, India, Nepal,  
Pakistan, Sri Lanka, ASIA 

Prospective- 
cohort 

Dynamic GTAP (Global Trade Analysis 
Project) Model known as Gdyn 

2007-2010 
2007-2030 

overall to 2030 =  
0.5% - 5% decline 

Brizmohun, R. 
USA 

2019 Mauritius AFRICA Cross Sectional Equilibrium Displacement Model 2007-2014 5% increase 

Brown, M. E. 
USA 

2015 
51 countries, Afghanistan, Kenya, 
Senegal, Mali 

Cross Sectional State Space Models 2008-2012 NR 

Cai, Y. 
Australia 

2016 

Bangladesh, India, Nepal,  
Pakistan, Sri Lanka, South  
Asia (Bhutan, Maldives and 
Afghanistan) ASIA 

Prospective- 
cohort 

Integrated Assessment Modelling (IAM), 
Computable General Equilibrium (CGE) 
Model GTEM-C, the GTEM-C model is 
calibrated to the GTAP 9 economic 
database. RCP8.5 Coupled Model  
Inter-comparison Project Phase 5 
(CMIP5) database 

2015-2040 
1961-2010, 
2000-2008, 

Baseline = 2015 
RICE = 2040 = −1.1 

wheat = 2040 = −1.04 
average = −1.07% 

Calzadilla, A. 
Germany, UK 
Netherlands 

2013 
The United States, the Middle 
East, North Africa and South 
Asia (Multiple Continents) 

Prospective- 
cohort 

GTAP-W model, multi-region world 
CGE model, IPCC SRES A1B and A2 
Scenarios, Hadley Centre Global  
Environmental Model version 1  
(HadGEM1) 

1961-1990 
2006-2030 = mean 
2020, 2036-2065 = 

mean 2050 

NR 

Chen, B. USA 2019 
27 countries, Africa, Asia, and 
Latin America (Multiple  
Continents) 

Prospective- 
cohort 

Models included in the GGCMI-AgMIP 
archive, panel structure with 76 
sub-national markets (denoted by k) in 
27 countries (denoted by i) observed 
during the 2000-2015 marketing years, 
estimate regression 

2006-2050 
2000-2015 

NR 

Calzadilla, A. 
Germany, UK 
Netherlands, 
USA 

2013 Sub-Saharan Africa AFRICA 
Prospective- 

cohort 

Partial Equilibrium Model (IMPACT 
MODEL), GTAP-W General Equilibrium 
Model. Model has16 regions, 22 sectors, 7 
FOOD. agriculture SRES B2 scenario 

1961-2014 
2011-2015 
2000-2050 

malnutrition  
(<5 years’ child) 

increase 32% 

Chung, U. 
Mexico, USA, 
KENYA, South 
Korea 

2014 USA, developing country 
Prospective- 

cohort 

Geo-Spatial Crop Modeling, crop model 
(DSSAT CSM-CERES-Maize v4.5). Trend 
Analysis. CSIRO-Mk3.0 and MIROC 3.2 
global climate models. Emission scena-
rios (A1B and B1) 

2000-2050 
5% decrease  

consumption maize  
in USA2012 
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Continued 

Delince, J. 
Spain, Germany 

2015 

73 countries, EU-27 Norway, 
Turkey, China, Western Balkans. 
Canada, USA, Brazil, South and 
Central America, former Soviet 
Union, Middle-East, North 
Africa, sub-Saharan Africa, India, 
South-East Asia, Australia, New 
Zealand (Multiple Continents) 

Prospective- 
cohort 

AgMIP approach, horizontal model inter 
comparison from 11 economic models 
(six are CGE models (AIM, ENVISAGE, 
EPPA, FARM, GTEM, MAGNET),  
whereas the rest (GCAM, GLOBIOM, 
IMPACT, MAgPIE), including CAPRI, 
are PE multimarket models 

2000-2050, 
(1980-2012) 
climate data 

lower consumption 
levels dropping on 

average between 0.6% 
and 2.8% in China. 

Gohar, A. A. 
Barbados 

2016 
island of Barbados NORTH 
AMERICA 

Cross Sectional 
Mathematical Programming Techniques, 
Nonlinear Dynamic Framework 

1989-2012 
Sugarcane  

consumption drop 5% 

Gohar, A. A. 
Barbados 

2018 
island of Barbados NORTH 
AMERICA 

Prospective- 
cohort 

Representative Concentration 
2018-2100 

(1995-2100) 
NR 

Lee, H. L. 
Taiwan 

2009 

18 agro-ecological zones of all 
countries/regions in the 
world-OECD countries, China, 
Africa, Middle-east, North Latin 
America, the Caribbean, REF = 
Central, Eastern Europe, Newly 
independent states of the former 
Soviet Union Sub-Saharan  
Africa (Multiple Continents) 

Prospective- 
cohort 

GTAP Model, Land use change  
Modeling, Multi-sector CGE Model, 
SRES scenario A2 using the 
above-introduced model 

2005-2020 NR 

Lee, H. L. 
Taiwan 

2018 
133 countries in 5 continents 
(Multiple Continents) 

Prospective- 
cohort 

Multi-Regional CGE Model, GTAP Land 
use (GTAP-LU) Model 

2000-2030 
2011-2030 

NR 

Sassi, M.  
Italy, Sudan 

2013 Sudan AFRICA 
Prospective- 

cohort 
Stochastic Model, Parametric Model 

2010-2060 
2002-2010 

53% Kilocalorie Per 
capita Per day 

Skjeflo, S. 
Norway 

2013 Malawi AFRICA 
Prospective- 

cohort 
Computable General Equilibrium Model 2000-2030 NR 

Sulser, T. B. 
USA 

2011 

14 countries, Arab region, Egypt, 
Syria, Mauritania, Qatar,  
Morocco, Bahrain, Djibouti, 
Jordan, Libya, Saudi Arabia, 
Yemen, United Arab Emirates 
(Multiple Continents) 

Prospective- 
cohort 

IMPACT Simulation Model. Partial 
Equilibrium Model, General Circulation 
Model (GCM) The SRES A2 scenario 
foresees moderate climate change 2 
scenarios (2025, 2050) 

2000—2025-2050 

Per capita food 
2025 = 18.2%,  

2050 = 27% 
Food demand cereal 

2025 = 33.2%,  
2050 = 49.5% 

Tigchelaar, M. 
USA 

2018 
Argentina, Brazil, China, France, 
Ukraine, and United States 
(Multiple Continents) 

Prospective- 
cohort 

Empirical Crop Models, Regression 
Models to the future climate data,  
temperature projections for all CMIP5 
models in three emission scenarios 
(RCP4.5, RCP6.0, and RCP8.5). For all 
time-varying quantities9variablees are 
calculated, Global maize production 
(GMP), 2008 = maize production 

Crop (190I-2061) 
Climate 

(1901-2014) 
(1989-2008) 

GMP (2012-2017) 

NR 

Wiebelt, M. 
Germany, USA 

2013 Yemen ASIA 
Prospective- 

cohort 

IMPACT Model, Dynamic Computable 
General Equilibrium (DCGE) Model, 
Global Climate Models, Crop Simulation 
Model, Decision Support System for 
Agrotechnology Transfer (DSSAT) Crop 
Modeling Framework 

2000 and 2050. 
2010, 2050 

Calorie deficiency = 
32.1% of people 

Wong, K. K.S. 
Malaysia 

2019 Malaysia ASIA Cross Sectional 

Engle-Granger Co-integration test  
(hereafter EG) and Error Correction 
Mechanism (ECM) Regression-Time 
Series Data 

2010-2017, 
1980-2017 

NR 

Wossen, T. 
Nigeria,  
Germany 

2018 Ethiopia, Ghana AFRICA Cross Sectional 
Agent-Based Decision Modelling (ABM) 
Historical CPIs 

E (1980-2010) 
G (1989-2009) 

CPIs (2000-2014) 

Household food  
expenditure =  

Ethiopia = 35%  
Ghana = 70% 

Yaffa, S.  
Gambia 

2013 Gambia AFRICA Cross Sectional 

Qualitative Methods, Quantitative  
Method-Questionnaire Survey, FGD, 
Interview Annual rainfall in Banjul 
(1886) & Kerewan (1931) 

2003-2012, 
B (1886-2003) 
K (1931-2011) 

64% decrease food 
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Continued 

Zidouemba, P. 
R. Burkina Fao 

2017 Burkina Faso AFRICA 
Prospective- 

cohort 

CGE Model identifies 66 production 
sectors, 27 of which are in agriculture and 
25 in industry 

2013-2050 

Rural poor = −8.9, 
Nonpoor = −9.2,  

Urban Poor = −9.2, 
Non-poor = −8.3 

Alvi, Sh. 2021 
South Asia (Bangladesh, India, 
Pakistan, and Sri-Lanka) 

Prospective- 
cohort 

Integrated assessment model (IAM), 
climate models (CMIP5), (GTAP) model, 
empirical model, CGE modeling for 
future 

1991 to 2015 
climatic and 
non-climatic  

variables 
2011-2050 

Decrease = India = −5%, 
Pakistan = −19%,  

Bangladesh = −31%,  
Sri Lanka = −11% 

Sam, A.G. 2021 Swaziland 
Prospective- 

cohort 

Almost Ideal Demand System (AIDS) 
model, Household and Income Survey 
data 

2000-2001 survey, 
2009-2010 survey/ 

2010-2050 
decrease 

Putra, A.W. 2021 Indonesian Cross Sectional 

Volatility model, augmented Dickey-Fuller 
(ADF) test, ARCH-GARCH model, 
(autoregressive conditional  
heteroscedasticity ARCH or generalized 
autoregressive conditional  
heteroscedasticity (GARCH), Box-Jenkins 
model. ARIMA forecasting method 

2009-2018 food shortage increase 

 
Table 3. Descriptive summary of 26 studies included on the effects of climate change on food price for systematic review and me-
ta-analysis, during 1990-2021. 

Author Season Extreme Events Climatic Variable 
Setting/ 
Location 

crop type Agriculture+/− 

Batisani, N. 4 Drought Precipitation cities/villages Maize, Sorghum Decrease (cultivation area) 

Bandara, J. S. 4 Temperature 
Temperature,  
precipitation 

farm land 
Rice, Wheat,  
Cereal Grains 

2030 = rice = −4%-wheat = −11, cereal = 
−7% 

Brizmohun R. 4 
sea level rise, 

flooding 
Temperature urban/rural 

Basmati Rice,  
Ration Rice 

decrease 

Brown, M. E. winter NR Precipitation urban/rural Maize, Wheat, Rice 

20% of local market prices were affected 
by domestic weather disturbances in the 
short run, 9% by international price 
changes and 4% by both domestic 
weather disturbances and international 
price changes 

Cai Y. 4 Flood 
Precipitation,  

Temperature, CRP8.5 
NR Rice, Wheat decrease 

Calzadilla, A. NR NR 
Temperature 
Precipitation 

river flow, CO2 
NR 

Rice, Wheat, 
Cereal grains,  

Sugarcane, Oil seeds, 
Vegetables-Fruits 

2020s = increasing global rain fed  
production 2050s = rain fed crop  
production declines due to heat stress, 
irrigated production declines in both 
periods. 2.3% decrease food production 
globally in 2050 scenario 

Chen, B. NR NR 
temperature,  
precipitation 

76 retail 
wholesale 
markets 

Maize NR 

Calzadilla, A. 4 NR 

temperature,  
precipitation,  

CO2 fertilization,  
surface water 

Rural 
Rice, Wheat,  

Sugarcane 
−1.55% Decline 

Chung, U. May-August 
heat wave, 
Drought 

Precipitation,  
temperature 

NR Maize 
Corn 2012 = 29% decrease Simulated 
scenarios 2050 = B1 = −38% A1B = −57% 

https://doi.org/10.4236/ajcc.2022.112006


R. Allipour Birgani et al. 
 

 

DOI: 10.4236/ajcc.2022.112006 112 American Journal of Climate Change 
 

Continued 

Delince, J. NR NR 
Precipitation,  
Temperature 

NR 
Wheat Grains, 

Coarse Grains, Rice 

climate change will cause a decrease in 
the agricultural productivity between 
−2% and −15% by 2050. Mean = −8.5% 

Gohar, A. A 4 flood, Drought Precipitation farm land 

pumpkin, sweet 
potato, sweet pepper, 
pigeon peas, cabbage, 

sugar cane 

Decrease 4%in rainfed production 

Gohar, A. A 4 
3 RCP scenario 

CO2, CH4 

seasonal, spatial, 
temporal 

Precipitation,  
Temperature 

RCP 2.6, RCP 4.5, 
RCP 8.5 

farm land 

pumpkin, sweet 
potato, sweet  

pepper, pigeon peas 
cabbage, sugarcane, 

Onion Cassava, 
Cucumber, Squash 

decrease-8%, 9%, and 13% for climate 
scenarios RCP 2.6, RCP 4.5, and RCP 8.5 
respectively = Average for 3 scenarios = 
−10% 

Lee, H. L. NR 
Increase  

temperature 
scenario RCP8.5 

Precipitation,  
Temperature 

Rural 

Rice, Wheat, Other 
cereal grains,  

Vegetable and fruits, 
Oilseeds, Sugar  
cane and beets,  

Other crops 

Average for crop production in all  
regions under scenario A2 by 2020 = 
−1.92% 

Lee, H. L NR 
temperature 
anomalies 

Precipitation,  
Temperature, RCP.6 

NR Crop 6.4% increase world 

Sassi, M. 4 
extreme rainfall 

events 
Precipitation Rural Sorghum NR 

Skjeflo, S. 4 flood, drought NR Rural/Urban Maize 
3 scenario, high productivity = 2%  
increase, medium productivity = 10% 
decrease, low productivity = 22% decrease 

Sulser, T. B. 4 NR 
Temperature,  

Precipitation, CO2 
NR Maize-rice-wheat 

Cereal production 2025 = 40.5%, 2050 = 
40.3% 

Tigchelaar, M. NR 

Increase  
temperature 

scenario  
RCP, 2, 4 

2C scenario- 
4C scenario 

NR Maize 

United States, China, Brazil, Argentina 
(the top four producing countries), 
mean total production is projected to 
decline by 18% (17.4 - 18.3), 10%  
(10.1 - 10.7), 8% (7.6 - 8.1), 12%  
(11.3 - 11.9), respectively, under 2˚C of 
global warming and by 46% (45.4 - 47.5), 
27% (26.7 - 28.0), 19% (19.0 - 19.9), and 
29% (27.9 - 29.0) with 4˚C of warming 
(mean and 90% confidence intervals) 

Wiebelt, M. 
Spring  

summer 
march July 

Drought Flood 
Precipitation,  
Temperature 

Rural 
Maize, Millet, 

Sorghum, Wheat, 
Potatoes, Tomatoes 

The annual agricultural growth rates 
across zones under the MIROC and 
CSIRO scenario vary between (−0.06) 
percentage points and 1.2 percentage. 

Wong, K. K.S. NR NR Co2, Temperature NR Crop Decrease 

Wossen, T. 

October,  
January  

February,  
May June, 
September 

Rainfall events Precipitation NR Maize, Wheat 

average agent income declined by about 
5% in Ethiopia and 20% in Ghana = 
most of farmers are buyer because food 
insecurity increase and income decline 
after production decrease 

Yaffa, S. June-July Drought NR Rural Millet, Maize 
production decrease from 2010 in millet 
(64.2%), maize (44.8%) and groundnut 
(39.1%), Rice paddy (48.8%) 
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Zidouemba, PR NR 
Extreme  

weather events 
NR Urban/Rural 

Rice-Corn,  
Sorghum, Millet 

NR 

Alvi Sh. NR RCP6 RCP6 NR Cereal 

Cereals production can be decreased up 
to 31.49 (Bangladesh) 24.19 (Pakistan), 
25.74 (Sri-Lanka), 6.4 (India) percent in 
the mid of this century-2050 

Sam A.G. 4 
Temperature, 
precipitation 

Temperature,  
precipitation 

rural Rice, Wheat, Maize decrease 

Putra, A.W. 4 
Indian Ocean 

dipole, Nino 3.4 
Rainfall urban/rural Rice decrease 

 
Table 4. Descriptive summary of 26 studies included on the effects of climate change on food price for systematic review and me-
ta-analysis, during 1990-2021. 

Author 
Food Inflation/ 

Subsidies 
GDP Food Import Food Price % 

Country 
Income 

Classification 

Study Quality 
Score (max:  

9 points) 

Batisani, N. 25%increase 22%decrease 90% increase 25% 
middle  
income 

8 

Bandara, J. S. 

2030 Bangladesh = 6%, 
India = 5.5%, Nepal = 
29%, Pakistan = 4%,  

Sri Lanka = % 

2030 = −0.5% - −3% NR 
overall increase price 2030 = rice = 10%, 
wheat = 25%, cereal = 45%, Mean crop = 
26.6% 

low income 7 

Brizmohun R. 
28.8% increase/ 
25% total cost 

decrease 92% 35% increase low income 6 

Brown, M. E. NR NR NR 

Asia = Afghanistan = 12% increase in local 
rice prices Africa = Senegal = 6% decrease in 
price for millet in Kaolack Kenya = 9% 
decrease in price of maize, mean = 7.5% 

world 5 

Cai Y. NR 
losing 0.15% - 0.6%  

of GDP = 2040 
increase 

Baseline = 2015 RICE = 2040 = 5.6%,  
Wheat = 2040 = 4.4%, Mean = 5% 

low or middle- 
income 

6 

Calzadilla, A. NR 0.29% decrease global increase 6 food prices % increase global Mean = 34.5% world 4 

Chen, B. NR NR 
10% of total  

consumption 
increases to 10% 

Low or middle 
income 

6 

Calzadilla, A. NR decrease 0.20% NR increase 7% low income 7 

Chung, U. NR NR NR USA maize price 2012 = 25% world 8 

Delince, J. NR NR NR Increase 1.3% & 56% = mean = 29% world 9 

Gohar, A. A increase decrease NR 

Increase Sugarcane = 22.8%, Cabbage = 
10.4%, Cassava = 6.4%, Cucumber = 6.4%, 
Okra = 2.8%, Onion = 4.3%, Pigeon peas = 
12.9%, Pumpkin = 22.8%, Squash = 5%, 
Sweet pepper = 5.8, Sweet potato = 8%, 
Tomato = 4%, average = 9.3% 

high income 5 

Gohar, A. A 
Increase/50%  

of the total cost 
NR 

average annual  
increases 47%, 57%, 

82% for RCP2.6, RCP 
4.5, RCP 8.5, base 
climate scenario = 

average = 62% 

Increase-average total food prices will  
increase by 8%, 9%, and 12% for climate 
scenario RCP 2.6, RCP 4.5, and RCP 8.5 
respectively Average 3 Scenario = 10% 

high income 5 

Lee, H. L. NR 
GDP 2020 = OECD = 20.8 

REF = 4.2 ASIA = 14.3 
ALM = 11.2 base = 2000 y 

Average = 9.21%  
increase 

2.3% increase world 9 
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Lee, H. L NR NR NR 4.9% world world 8 

Sassi, M. NR NR NR Model 2 wet scenario = 12.35% increase low income 7 

Skjeflo, S. NR 
Low productivity  
scenario = −2.8% 

−1% 54% increase low income 5 

Sulser, T. B. NR 
Max = 18%, Min = 3%, 

Average = 10.5% 

2000 baseline Import 
cereal 2025 = 16.3%, 

2050 = 49% 

2025 = Maize = 40%, wheat = 45%, Rice = 
33% 2050 = maize = 59%, wheat = 63%,  
Rice = 48% 

high income 9 

Tigchelaar, M. NR NR 
virtually zero today  
but jumps to 69% 

under 4˚C warming 
increase high income 8 

Wiebelt, M. increase 

Agriculture 10% GDP. 
MIROC scenario  

(Scenario 1a), GDP  
growth 0.3%/year, CSIRO  
scenario higher 0.2%/year 

increase 
From IFPRI report of this research 
2000-2050 = price increase 63% for maize  
& 39% for wheat = average = 51% 

low income 8 

Wong, K. K.S. increase 
1% increase in real GDP = 

0.78 increase food price 
NR 28.6% increase compare to 2010 

upper-middle 
income 

5 

Wossen, T. 
NR/25% fertilizer  
subsidy (only in  

Ethiopia) 
NR NR 

Household food expenditure = Ethiopia  
= 35%, Ghana = 70%. household income 
decreases about 5% in Ethiopia and 20% in 
Ghana 

low income 6 

Yaffa, S. 
Increased in 48%  

of households 
NR NR increase low income 5 

Zidouemba,  
P. R. 

NR 

share of agriculture in the 
total GDP decreases from 
35.8% in 2013 to 31.1% in 
2050., decrease = −12.3% 

Rainfed corn = −12.2, 
Rainfed rice = −13.8 

NR NR low income 4 

Author 
Food Inflation/ 

Subsidies 
GDP Food Import Food Price% 

Country 
Income 

Classification 

Study Quality 
Score (max:  

9 points) 

Alvi Sh. NR 

loss GDP is 6.4, 24.19, 
31.49, and 25.74 percent  

in India, Pakistan,  
Bangladesh, and  

Sri-Lanka respectively. 

increase = India = 49%, 
Pakistan = 151%, 

Bangladesh = 230%,  
Sri Lanka = 90% 

prices will increase due to climate change 
and the highest increase is in Bangladesh and 
Pakistan which are 97.19, and 60.25 percent, 
respectively. While this increase in India is 
21.64, and 47.33 in Sri-Lanka. MEAN = 57% 

Lower middle 
income 

9 

Sam A.G. NR NR NR 

cereal prices (wheat-maize-rice) are expected 
to rise by 70.14%, 53.85%, and 82.1%,  
respectively in the baseline (most likely), 
optimistic and pessimistic cases by 2050, 
relative to 2010 baseline prices = 68% mean 
of optimist-pessimist 

low income 8 

Putra, A.W. 
8 provinces affected by 

inflation, /energy  
subsidies 

NR 
don not have  

considerable effect in 
price during this period 

increase from 5800 rupiah per kg in 2009 
to 11,800 rupiah in 2018 averagely = 100% 

Lower middle 
income 

6 

 
Reviewers came to a consensus for including the final eligible articles. Detailed 

reasons for excluding and including the papers are addressed in the PRISMA 
flow diagram (Moher et al., 2009) in Figure 1. 

3.1. Findings of the Systematic Review 

The systematic search found 18 different models and techniques for food price 
estimation. Food consumption situation, which was investigated in 16 studies  
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Figure 1. Prizma flow diagram of: The effect of climate change on food pricing. A systematic review 
and meta-analysis. 

 
(Calzadilla et al., 2013; Sassi, 2013; Wiebelt et al., 2013; Yaffa, 2013; Bandara & 
Cai, 2014; Chung et al., 2014; Delincé et al., 2015; Cai et al., 2016; Gohar & 
Cashman, 2016; Zidouemba, 2017; Wossen et al., 2018; Brizmohun, 2019; Alvi et 
al., 2021; Putra et al., 2021; Sam et al., 2021). Results demonstrated the reduction 
in this variable in 15 studies (10, 19 - 32). In one study (Sulser et al., 2011), food 
consumption was intensified despite the increased food price. Some general 
characteristics included in all studies are presented in Table 2. Weather extreme 
events, climatic variables, agricultural crop production, and crop types in each 
study are provided in Table 3. Findings from agricultural crop production show 
that three studies (Sassi, 2013; Brown & Kshirsagar, 2015; Chen & Villoria, 2019) 
did not report the amount of crop production. In contrast, crop production was 
decreased in most of the 17 studies (Lee, 2009; Sulser et al., 2011; Batisani, 2012; 
Calzadilla et al., 2013; Calzadilla et al., 2013; Wiebelt et al., 2013; Bandara & Cai, 
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2014; Chung et al., 2014; Brown & Kshirsagar, 2015; Delincé et al., 2015; Cai et 
al., 2016; Gohar & Cashman, 2016; Brizmohun, 2019; Chen & Villoria, 2019; Alvi 
et al., 2021; Putra et al., 2021; Sam et al., 2021). Crop production showed an in-
crease under climate change only in two studies (Sulser et al., 2011; Lee et al., 
2018). Food price situation in different seasons under climate change and other 
economic indicators consists of food import, GDP, food inflation, subsidies, and 
income classification of countries in each study, presented in Table 4. Finally, 
the results reported on food prices from 22 studies were included in the me-
ta-analysis. 

3.2. Findings of the Meta-Analysis 

The analysis of 23 effect sizes from 22 observational studies (Lee, 2009; Sulser 
et al., 2011; Batisani, 2012; Calzadilla et al., 2013; Calzadilla et al., 2013; Sassi, 
2013; Skjeflo, 2013; Wiebelt et al., 2013; Bandara & Cai, 2014; Chung et al., 
2014; Brown & Kshirsagar, 2015; Delincé et al., 2015; Cai et al., 2016; Gohar & 
Cashman, 2016; Gohar & Cashman, 2018; Lee et al., 2018; Brizmohun, 2019; 
Chen & Villoria, 2019; Wong et al., 2019; Alvi et al., 2021; Putra et al., 2021; 
Sam et al., 2021), ranked as medium to high quality. It estimated that the 
pooled proportion of food prices was 26% (95% CI: 14, 41). According to the 
heterogeneity of included studies, further sub-group analysis was conducted 
using the study characteristics, which was presented in Table 5. The subgroup 
analysis indicated that heterogeneity between groups was significant in stu-
dies at extreme weather events and agricultural crop productions. However, 
our estimate did not show any evidence of statistical heterogeneity between 
groups of studies at the level of Continent Figure 2, weather extreme events 
Figure 3, agricultural crop production Figure 4, economic situation of countries 
(country income) Figure 5, study design Figure S1, study period /time hori-
zon Figure S2, GDP Figure S3, and quality scores of the studies (high and 
medium) Figure S4. The results of each analysis are presented below in forest 
plots in Figures 2-5, Supplemental Figures S1-S4, and Subgroup Analysis of 
22 Studies on the effect of climate change on food pricing from 1990 to 2021 
Table 5. 

3.2.1. Extreme Weather Events 
The forest plot of food price proportion according to the classification of ex-
treme events is shown in Figure 3. Significant heterogeneity was observed among 
groups (p = 0.001). Weighted pool proportion of food price showed that 
Drought was the frequent event, which was responsible for food price ratio of 
32% [95% CI: 15% - 52%] as reported in 5 studies (Batisani, 2012; Skjeflo, 
2013; Wiebelt et al., 2013; Chung et al., 2014; Gohar & Cashman, 2016); the ra-
tio of 8% [95% CI: 6% - 10%] was due to flood as presented in 2 studies (Cai et 
al., 2016; Brizmohun, 2019); different RCP scenarios with a ratio of 17% [95% 
CI: 6% - 30%] as reported in 8 studies (Lee, 2009; Sassi, 2013; Bandara & Cai, 
2014; Delincé et al., 2015; Gohar & Cashman, 2018; Lee et al., 2018; Chen &  
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Figure 2. Forest plot of proportion, with 95% confidence intervals (CIs) of global food 
price variation under climate change., stratified according to Continent. The midpoint of 
each line illustrates the proportion estimated in each study. The diamond design shows 
the proportion throughout the studies. 
 

 
Figure 3. Forest plot of proportion, with 95% confidence intervals (CIs) of global food 
price variation under climate change, stratified according to Weather extreme events. The 
midpoint of each line illustrates the proportion estimated in each study. The diamond de-
sign shows the proportion throughout the studies. 

https://doi.org/10.4236/ajcc.2022.112006


R. Allipour Birgani et al. 
 

 

DOI: 10.4236/ajcc.2022.112006 118 American Journal of Climate Change 
 

 
Figure 4. Forest plot of proportion, with 95% confidence intervals (CIs) of global food 
price variation under climate change, stratified according to Agricultural crop production. 
The midpoint of each line illustrates the proportion estimated in each study. The diamond 
design shows the proportion throughout the studies. 
 

 
Figure 5. Forest plot of proportion, with 95% confidence intervals (CIs) of global food 
price variation under climate change, stratified according to Economic situation of coun-
tries (country income). The midpoint of each line illustrates the proportion estimated in 
each study. The diamond design shows the proportion throughout the studies. 
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Table 5. Subgroup analysis of 22 Studies according to subgroups of main variables that shows the effect of climate change on food 
pricing from 1990 to 2021. 

Variable Subgroup 
Studies 

(effect size) 
(n) 

Food Price 
proportion  
(95% CI) 

I2 
(%) 

Heterogeneity  
between Groups 

P-value 

Continent 

Asia 
Africa 

America 
Multiple Countries 

7 
7 
3 
6 

23 (13 - 65) 
28 (9 - 52) 
14 (6 - 25) 
20 (6 - 39) 

99.84 
99.47 
0.0 

99.73 

0.322 

Country level  
classification  

by Income 

High Income Country 
Middle Income Country 

Low Income Country 
Multiple Countries/Regions 

4 
6 
7 
6 

23 (6 - 47) 
34 (4 - 75) 
35 (19 - 53) 
13 (5 - 24) 

99.69 
99.93 
99.49 
98.65 

0.130 

Time Horizon  
of studies 

Before 2020 
2020-2049 
2050-2100 

8 
6 
9 

28 (4 - 63) 
31 (8 - 62) 
22 (9 - 38) 

99.85 
99.89 
99.63 

0.811 

Study Design 
Cross sectional (before 2020) 

Prospective Cohort (2020-2100) 
6 
17 

35 (5 - 76) 
23 (12 - 37) 

99.88 
99.78 

0.553 

Weather 
Extreme Events 

Drought 
Flood 

RCP scenario 
Precipitation-Temperature 

5 
2 
8 
8 

32 (15 - 52) 
8 (6 - 10) 

17 (6 - 30) 
36 (16 - 59) 

99.44 
0.0 

99.64 
99.77 

0.001 

Agricultural Crop 
Production 

Increase Production 
Decrease Production 

Not Report 

2 
17 
4 

20 (19 - 21) 
31 (15 - 49) 
10 (9 - 11) 

0.00 
99.84 
0.00 

0.001 

GDP 
Decrease GDP 
Increase GDP 

Non report GDP 

7 
4 
12 

28 (12 - 47) 
31 (5 - 66) 
24 (6 - 48) 

99.40 
99.83 
99.90 

0.933 

Quality score of  
Studies (JBI Checklist) 

Medium Quality 
High quality 

12 
11 

27 (8 - 52) 
25 (10 - 44) 

99.88 
99.80 

0.897 

 
Villoria, 2019; Alvi et al., 2021), and the remaining 8 effect sizes showed fluctua-
tion in temperature and precipitation with 36% [95% CI: 16% - 59%], which was 
reported in 7 studies (Sulser et al., 2011; Calzadilla et al., 2013; Calzadilla et al., 
2013; Brown & Kshirsagar, 2015; Wong et al., 2019; Putra et al., 2021; Sam et al., 
2021). 

3.2.2. Agricultural Crop Production 
There was high and significant (p < 0.001) heterogeneity among groups in agri-
cultural crop production subgroup analysis, as shown in forest plots in Figure 4. 
Weighted pooled proportion (percentage) of food price was higher in studies 
(Lee, 2009; Batisani, 2012; Calzadilla et al., 2013; Calzadilla et al., 2013; Skjeflo, 
2013; Wiebelt et al., 2013; Bandara & Cai, 2014; Chung et al., 2014; Delincé et al., 
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2015; Cai et al., 2016; Gohar & Cashman, 2016; Gohar & Cashman, 2018; Briz-
mohun, 2019; Wong et al., 2019; Alvi et al., 2021; Putra et al., 2021; Sam et al., 
2021) in which crop production showed reduction under climate change (31% 
[95% CI: 15% - 49%]) compared to studies (Sulser et al., 2011; Lee et al., 2018) 
which accounted crop production increment (20% [95% CI: 19% - 21%]). 

3.3. Publication Bias and Sensitivity Analysis 

The funnel plot revealed no existence of asymmetry and publication bias (Sup-
plemental Figure S5), and the Egger’s test (p = 0.161) suggested no small-study 
effects (Supplemental Figure S6). Besides, we conducted trim-and-fill analysis 
and observed no publication bias (Supplemental Figure S7) (Egger et al., 2008). 

The leave-one-out sensitivity analysis found no outlier study significantly shifted 
the primary pooled estimate. Based on the JBI scale, nine criteria were used to as-
sess the quality of the included studies. All studies accounted for significant for 
subgroups. The results are summarized in Supplemental Table S1.  

4. Discussion 

We included 26 observational studies in this systematic review and meta-analysis. 
First hand, this is a research of its type to feature food accessibility under climate 
change by comparing critical drivers and over 18 economic, agricultural and cli-
matic models using advanced analyses to enhance food policy insights. Our re-
sults revealed the following: 1) the meta-analysis predicted the global pooled 
food price growth will be 26% under climate extreme events in the time horizon 
until 2100 with substantial heterogeneity between the studies, 2) the sub-group 
analysis indicated that climate anomalies and agricultural crop production had 
significant heterogeneity between groups. Hence, drought was responsible for an 
increase of 32% in food prices compared to other weather disturbances. There-
fore, a decline in agricultural crop production was another remarkable reason 
for some 31% increase in food price compared to other crop production catego-
ries, 3) another considerable effect size was presented by GDP status. Despite a 
decrease in some areas and an increase in other regions, it shows a 28% rise in 
food price due to decreased GDP in some countries and 31% through gained 
GDP in other areas, 4) findings of countries’ economic situation pooled analysis 
revealed the highest food price increased 35% in low-income countries compared 
to 23% in high-income countries, and 5) our pooled analysis has revealed the 
higher food price increase in Africa (28%) and Asia (37%) as compared to North 
America (14%). There is some scientific evidence that might explain this situa-
tion, and the current study is an attempt in this regard. 

Consequently, all four components of food security will be threatened by cli-
mate change. Eventually, regular access to safe, nutritious, and sufficient food in 
2019 was in danger for two billion people globally. Cost estimates show that the 
international poverty line (established at USD 1.90 purchasing power parity (PPP) 
per person per day is not enough to provide a healthy diet at all. The increased 
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food expenditure for 57 percent of the population in the LMICs has made a 
healthy diet for their households unaffordable (WHO, 2020). 

The general coping mechanism is that people will cut down on the consump-
tion of these crops and may change their dietary patterns to scale down their 
foods both in quantity and quality. This meta-analysis discovered the global 26% 
increase in food price under climate change. The included studies showed a de-
crease in crop production that increased food prices by around 31% in some 
areas. As expected, food consumption showed a reduction in these regions and 
countries. Another systematic review (Green et al., 2013) is in line with our 
findings in predicting that an increase of all foods prices in developing countries 
would result in more significant reductions in food consumption. Every 1% in-
crease in the price of cereals results in a diminishing of 0.61% and 0.43% in food 
consumption in low and high-income countries, respectively. A similar study 
(Haile et al., 2017) estimated the future climate effects on global crop production 
for maize, wheat, rice, and soybeans by general circulation models (GCMs) which 
is a type of climate model provided by the Coupled Model Inter-comparison 
Project Phase 5 (CIMP5). Projections showed that climate change could reduce 
global crop production by 9% in the 2030s and 23% in the 2050s, leading to in-
creased food prices and adversely impacting production and intake, particularly 
among poor consumers. Others compared nine economic models that captured 
the general effects of climate change on food price and showed that the produc-
er’s increase of 20% in food price would slightly affect the consumption res-
ponses (Nelson et al., 2014). This percentage of food price is the same as our re-
sult. 

Nevertheless, our review displayed that food consumption will be decreased in 
most countries that experience weather extremes events and inevitable agricul-
tural production loss. The meta-analysis indicated that food prices would be in-
creased one and a half-fold in low-income countries as much as about 35% 
compared to high-income countries, where a 23% rise is predicted. This feature 
of food prices is a normal response to the dramatic decrease in agricultural pro-
duction. The analysis results in most of these countries showed that their GDP 
would be reduced, and they will suffer from a 28% increase in food prices. The 
research also predicted a 32% growth in food price as a continuous impact of 
Drought for many years starting from 2006 and a 36% increase in food price due 
to precipitation and temperature anomalies in many settings. 

Our meta-analysis revealed that Africa and Asia might experience a higher 
food price of around 28% and 23%, respectively, as compared to North America, 
with a 14% increase during the years to come. Several reasons might contribute 
to this diversity. First, the review showed that some countries with increased 
production are located in North America; therefore, the harmful impact of cli-
mate change on agricultural production in this part of the world is lower than in 
other countries. The less detrimental effect in North America might be due to 
better fundamental conditions and adaptation policies against extreme climatic 
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events there. Consequently, these producers will increase the amount of produc-
tion and the price of these crops. Our meta-analysis also revealed a 31% future 
growth in food prices in the countries that experience GDP growth.  

One study that simulated food price under climate change scenario through 
IMPACT model in the Arab region revealed that from 2050, the population and 
income would grow due to demand for high nutritional value food, e.g., meat 
and fruits. Moreover, the other consequence was the need for livestock feed and 
calorie per capita (Sulser et al., 2011). Agricultural production will increase but 
not sufficiently provide food needs; therefore, food prices will rise to around 
57%. Another study applied 12 climate models and one economic and demo-
graphic scenario to predict the period leading to 2050 and reported that the im-
pact of climate change on food consumption depends more strongly on income 
than on food price (Hasegawa et al., 2015b).  

Food prices intensification warns us against inequality between supply and 
demand. It also signals the lack of resources due to demand drivers consisting of 
population growth and income, including reducing agricultural productivity due 
to climate change on the supply side (WHO, 2018). 

4.1. Strengths and Limitations of the Study 

Our study has some strengths. First, we could show the association between cli-
mate change’s power threatening food accessibility through food price fluctua-
tions by estimating all climatic, economic, and agricultural different models in 
over 170 regions and countries. Second, our findings displayed potential eco-
nomic drivers such as GDP, food import, subsides, food inflation, countries’ fi-
nancial and food consumption, food production details, and climatic conditions, 
including the seasons and extreme events. Third, we could show the percentage 
changes of food price under climate change for the five upcoming decades, with 
a cumulative ratio of high-quality studies conducted during the last two decades 
to alarm this risk for food security through prediction.  

Our review had some limitations. Due to the low number of researches that 
reported food consumption, import, inflation, and subsidies, an appropriate de-
scription of various combinations of these variables and the impact on food 
price under climate change were complex.  

4.2. Suggestions for the Future Direction 

It may be helpful to leave room for future research by identifying and applying 
economic variables which are substantial to draw comprehensive features of food 
price under climate change. As well as put these variables into models simulta-
neously, e.g., GDP, food consumption, household food purchasing, food infla-
tion, and subsides either to farmers or households. Researchers analyze only one 
or two of these economic drivers in most articles. However, this is a more pre-
cise method to evaluate food prices and accessibility in different parts of the food 
system. Subgroup analysis according to those economic variables would create a 
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broader perspective. In addition, research conducted in other countries and 
compared food price policies under the same climatic extreme events were rarely 
designed despite their helpful resolution to raise food affordability. 

5. Conclusion 

This paper has assessed the impact of extreme climatic events on food price pre-
diction by applying meta-analysis and compiling food price results from differ-
ent climatic or economic models with disparate drivers. Moreover, our estimates 
presented the remarkable role of some climatic anomalies, e.g., Drought, which 
threatened food affordability by multiplying food prices in vulnerable regions. 
This research has three crucial implications: first, Food prices rise under climate 
change in low-income countries much more than in high-income countries and 
threaten food accessibility in the 2050-2100 period. 

Second, Drought is the most common climatic anomaly, 32%, responsible for 
higher global food prices until 2100. 

Third: GDP growth will happen in LMICs simultaneously with the food price 
increase, but it is not guaranteed food accessibility in the future because other 
factors play a significant role in this situation like population growth, economic 
drivers, and climatic adaptation policies. 

Finally, decision-makers should redesign food policies towards improving the 
fundamental macro and microeconomic elements of such policies to support the 
main stakeholders of the food system. Indeed, decision-makers should pay more 
attention to a successful experience for food security policy formulation, e.g., 
farmer subsidies support, food inflation control, and tax incentives under global 
warming and climate change shocks. These different experiences are crucial steps 
to increase adaptation strategies of food production on the supply-side and food 
accessibility on the demand side in the future.  
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Appendix A. Supplementary Data 

Supplementary material related to this article: Table S1, Figures S1-S7. 
 

 
Figure S1. Forest plot of proportion, with 95% confidence intervals (CIs) of global food 
price variation under climate change, stratified according to Study Design. The midpoint 
of each line illustrates the proportion estimated in each study. The diamond design shows 
the proportion throughout the studies. 
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Figure S2. Forest plot of proportion, with 95% confidence intervals (CIs) of global food 
price variation under climate change, stratified according to Time Horizon. The midpoint 
of each line illustrates the proportion estimated in each study. The diamond design shows 
the proportion throughout the studies. 
 

 
Figure S3. Forest plot of proportion, with 95% confidence intervals (CIs) of global food 
price variation under climate change, stratified according to GDP. The midpoint of each 
line illustrates the proportion estimated in each study. The diamond design shows the 
proportion throughout the studies. 
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Figure S4. Forest plot of proportion, with 95% confidence intervals (CIs) of global food 
price variation under climate change, stratified according to Quality score of studies. The 
midpoint of each line illustrates the proportion estimated in each study. The diamond de-
sign shows the proportion throughout the studies. 
 

 
Figure S5. Funnel plot for the publication bias of the studies that evaluated the preva-
lence of global food price variation under climate change. 
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Figure S6. Egger plot presented the visual inspection of publication bias for systematic re-
view and meta-analysis the prevalence of global food price variation under climate change. 
 

 
Figure S7. Filled funnel plot with the visual inspection of publication bias for systematic 
review and meta-analysis the prevalence of global food price variation under climate 
change. 
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Table S1. The quality score of each study using JBI critical appraisal tool (Checklist for Proportion Studies). 
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Bandara, J. S. yes yes yes yes yes yes un clear yes unclear 7 high 

Batisani, N. yes yes yes yes yes yes yes yes unclear 8 high 

Brizmohun, R. yes unclear unclear yes unclear yes yes yes yes 6 medium 

Brown, M. E. yes yes yes no yes yes yes yes unclear 7 high 

Cai, Y. yes no unclear no yes yes yes yes yes 6 medium 

Calzadilla, A. unclear yes unclear no yes yes no yes unclear 4 medium 

Chen, B. yes yes unclear no no yes yes yes yes 6 medium 

Calzadilla, A. yes yes unclear no yes yes yes yes yes 7 high 

Delince, J. yes yes yes yes yes yes yes yes yes 9 high 

Gohar, A. A. yes yes unclear yes unclear yes un clear yes unclear 5 medium 

Gohar, A. A. yes yes unclear yes unclear yes un clear yes unclear 5 medium 

Chung, U. yes unclear yes yes yes yes yes yes yes 8 high 

Lee, H. l. Yes yes yes yes yes yes yes yes yes 9 high 

Lee, H. L yes yes yes no yes yes yes yes yes 8 high 

Sassi, M. yes yes unclear no yes yes yes yes yes 7 high 

Skjeflo, S. unclear unclear yes no yes yes yes yes unclear 5 medium 

Sulser, T. B. yes yes yes yes yes yes yes yes yes 9 high 

Tigchelaar, M. yes yes yes yes yes yes yes yes unclear 8 high 

Wiebelt, M. yes yes yes yes yes yes yes yes unclear 8 high 

Wong, K. K. S. not applicable not applicable unclear yes yes yes not applicable yes yes 5 medium 

Wossen, T. unclear yes unclear yes yes yes yes yes unclear 6 medium 

Yaffa, S. yes yes unclear yes yes unclear yes no unclear 5 medium 

Zidouemba, P. R. unclear unclear unclear yes unclear yes yes yes unclear 4 medium 

Alvi, Sh. Yes yes yes Yes Yes Yes Yes Yes Yes 9 high 

Sam, A. G. Yes yes unclear Yes Yes Yes yes Yes unclear 8 high 

Putra, A. W. yes unclear unclear yes yes yes unclear yes yes 6 medium 
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