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Preface  
 

 
 

 
According to the domestic and international agencies specializing in climate 

change, the Earth’s average temperature is expected to continue rising and thus it 

has been treated as a core global agenda. While research has uncovered some 

positive aspects to climate change, the impact on the food supply sector is deeply 

negative. The effects of climate change in Korea are expected to accelerate in 

future. Even so, domestic research on climate change in the agricultural sector have 

been limited to analyses of climate change vis-à-vis its impact on agricultural 

production and the efficacy of proposed countermeasures.  

Despite the focus of the research the analysis of climate change impact on 

food supply and proposal of countermeasures remains quite insufficient. Given 

Korea’s low food self-sufficiency rate, a systematic analysis of the impacts of 

climate change on the food supply and the proposed response plans is required. 

This analysis will provide information necessary for the development of future 

food policies which have as their goal the realization of a stable food supply 

system. This report is the final outcome of the KREI master project entitled 

Impacts and Countermeasures of Climate Change on Food Supply in Korea. In 

this report, the domestic food production potential is diagnosed taking into 

account and detailing the domestic and overseas climate change; analysis of the 

impacts of climate change on food supply; the trends of discussion among 

international organizations, and case studies on setting forth major countries’ 

responses, and the plans for developing a stable food supply system in response 

to the climate change. Four specific action plans for ensuring a future stable 

food supply system are presented. These action plans deal with four aspects, 

namely: domestic production capacity, buffering capacity, food import 

capability and the capability of policy responses. This research is expected to 

be utilized as the basic data for establishing response strategies by first 

identifying the impacts of climate change on food supply strategy.  

I give my thanks to Professor Lim Song-soo of Korea University and Deputy 

Director Kim Bo-ram of the Ministry of Agriculture, Food and Rural Affairs, who 

have served as the advisory committee for this research despite their busy 
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schedules. In addition, I would like to thank Professor Ian Gordon of Chung-Ang 

University for his editorial comments on the English version of this report. 
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ABSTRACT 
 

Impacts and Countermeasures of Climate Change on Food 
Supply   

Climate change has become a megatrend that will lead to significant 

changes in future society. Korean and overseas agencies specializing in climate 

forecasts predict that average global temperatures will continue to rise. While 

climate change may potentially have certain positive impacts for crop yields, 

the overall impact is predicted to be negative for environment and food security. 

In this context, our study aims to suggest a plan for systematically establishing 

a stable food supply system in Korea in respose to climate change. 

Various analytical models were employed, including: a response analysis 

based on questionnaire for farmers, panel-based analysis of the causes of pests 

and diseases in rice production, a random-effects model for panel data of 

extreme weather impact, and an analysis of food supply effects using the 

Simulation Model for Climate-Agriculture Relations (SIMCAR) integrated 

model in conjunction with the Crop Estimation through Resource and 

Environment Synthesis (CERES) model of the Korea Agricultural Simulation 

Model (KASMO).  

An analysis was made of major grain yields by means of the KREI-KASMO. 

This revealed reduced yields and area in comparison with the baseline in 2050, 

resulting in a reduction of rice production by 17.8%p in the RCP8.5 scenario, 

and reduction of soybean by 21.2%p and reduction of barley by 13.7%p in the 

A2 scenario. Self-sufficiency ratio of major grains in 2050 drawn from the 

SIMCAR revealed that the climate change scenario for rice showed 55.0% to 

be reduced by 18.3% in comparison with the baseline. It is predicted that self-

sufficiency ratio in rice will drop to 50% which means a half of consumed rice 

should be imported.  

Key tasks for building a stable food supply system to cope with climate 

change were developed based on the domestic production capacity, the buffering 

capacity to climate change, import capacity from other countries, and policy 

performance capacity with reference to the empirical analysis. First, the 

suggested key tasks for improving the domestic production capacity include 
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developing and disseminating adaptation technology, conserving farmland and 

expanding arable land, practicing climate-smart agriculture by using fusion 

technology, and modernizing infrastructure for agriculture. Second, key tasks for 

improving buffering capacity to climate change are improving resilience and 

biodiversity, building a risk management system, and further improving storage 

of food in Korea and other countries. Third, major tasks for improving the import 

capacity from other countries are constructing overseas food bases, effectively 

using the international grain market, and enhancing international cooperation 

with relevant countries. Finally, key tasks for improving policy performance 

capacity are refining and applying the climate change impact analysis model with 

respect to policies, expanding investments in research and development, building 

a vulnerability assessment system, enhancing education and training, and 

installing Climate Change Response Center for Agriculture (tentative).  

In this study, several key challenges were presented in the four different areas 

related to building a stable food supply system which can help overcome the 

challenges of climate change. It is expected that the nature of the policies that need to 

be prioritized and promoted, given the constraints of budget, organization and 

information will be addressed in future research. Also, in order for the solutions for  

key challenges to work properly in the field such that policy outcomes will be 

maximized, a consortium of research bodies in the related fields of agriculture, 

agricultural meteorology and agricultural economics should be created. As 

preparation for specific action programs.   

Furthermore, follow-up studies should be conducted to verify the expenses 

required for developing reliable climate change impact assessment models and the 

effectiveness of the enforced policies. Such field research can be used to prepare 

effective measures in the struggle to build a stable food supply system. 
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Introduction Chapter 1 

 

 

 

 

1. Need for Research 
 

 

The UN Intergovernmental Panel on Climate Change (IPCC) suggests in its 4th 

Assessment Report on climate change that global climate warming is unequivocal; 

reporting that for the period 1906 to 2005, the Earth’s average temperature rose by 

0.74ºC, the sea level rose by 17cm, while the snow cover in the Northern 

Hemisphere had decreased by 2.7% every 10 years for the past hundred years 

(1906~2005). In the 21st century, as the greenhouse gas concentration increases, 

temperature rise is expected to increase by between 1.1~6.4ºC on average by 2100, 

which would be more than three times the rate of change which occurred in the 20th 

century.1 Furthermore, in the 21st century, it is more likely that the frequency and 

severity of abnormal meteorological phenomena such as heat waves, torrential rains 

and typhoons will increase. According to 2011 climate change scenarios undertaken 

by the National Institute of Meteorological Research (2011a, 2011b), if the current 

trend of greenhouse gas emission (RCP8.5) were to continue throughout the 21st 

century, the average temperature on the Korean peninsula would rise by 6.0ºC by the 

end of the 21st century (2070~2090) and precipitation would increase by 20.4%. 

However, if the current mitigation targets were partly achieved (RCP4.5), a 3.4ºC 

temperature rise and 17.3% precipitation increase would be expected. 

                                                                          
1 In order to predict the future climate using climate models, certain scenarios are needed. In the 4th 

IPCC climate change assessment report, climate change scenarios were established in conjunction with 
directions of socio-economic development into the society where the greenhouse gas emissions are 
controlled; the environment is cared; economy is developed; and it is community-oriented as well as 
globalization-oriented. Each IPPC scenario has different forecast for average annual temperature 
change: In the most optimistic scenario, the average temperature rise would be 1.1ºC but in the most 
pessimistic scenario, it would be 6.4ºC (IPCC, 2007). 
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Global warming has a huge impact on crop production, given that it is highly 

dependent on climate resources. Though it is true that an increase in carbon dioxide 

(CO2) concentration promotes photosynthesis and thus has a positive impact on the 

growth of crops, it is also true that the temperature rise resulting from the increase in 

CO2 concentration would have a negative impact such as a drop in production and 

quality due to the shortening of the growth period and the increasing respiration 

volume. 

The food obtained from crop production plays an important role in supplying the 

energy and nutrients necessary for the survival of the human race and therefore 

securing a stable food supply has been an essential challenge at all times and places. 

It is not only socio-economic factors such as cultivation techniques and increased 

production policies that greatly affect food supply but also natural conditions like 

climate change. If a stable food supply is not secured as the course of climate change 

continues, it may exert considerable downward pressure on the economy of the 

future. According to the FAO, the current global population of 6.7 billion people will 

increase to around 9 billion people by 2050. In order to meet the increasing needs of 

this increased population, it is estimated that agricultural production should increase 

by approximately 70% (FAO, 2011). 

The liberalization of agricultural trade is accompanied by an increase the volume 

of the world’s agricultural trade. As this agricultural trade becomes vibrant, following 

the international division of labor, the lateralization of the world’s grain exporters 

into the North and South Americas and Australia is becoming intensified. Recently, 

the competition between food and bioenergy has been added.   

In this situation, were the production by the aforementioned grain exporters to be 

significantly reduced due to growing environmental changes and abnormal weather 

conditions then in the absence of appropriate measures put in place to make up the 

shortfall, the stable supply of food would be threatened.  

Unusual weather conditions, as in recent monsoons, El Niño and frequent 

typhoons in the Asian region are having a huge impact on agricultural production. 

Consequently, the volatility of the prices of agricultural products is also increasing. In 

addition to these natural phenomena, the fact that a substantial amount of major grain 

production, such as corn, is being used as raw materials or for producing bio-ethanol 

(a renewable energy source), is also pushing the soaring international grain price.  

It is expected that the demand for food increases with population growth and the 

increasing dietary demands of an increasingly affluent population. However, given 
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that the volume of food production will decrease due to global warming, it will 

become increasingly difficult to cope with increasing food demand. This will, in turn, 

likely cause grain prices to rise with the consequence that world’s food market will 

become increasingly unstable. In order to secure a stable supply of food, it is 

therefore necessary to predict and assess the multiple impacts of global warming, 

establish specific response programs in response to the predicted situations and take 

step by step measures to address future problems.  

Climate change is expected to continue for a considerable period of time during 

which time unusual weather phenomena will become both more frequent and intense. 

As a result, Korea with its low food self-sufficiency rate (in 2011 Korea’s food self-

sufficiency rate was 22.6%) will have a difficult time securing a stable food supply. 

In this context, systematic research with regards the impacts of climate change on 

food supply, which will in turn serve as the basis for the creation of concrete 

response plans, is needed.  

 

 

2. Purpose and Scope of Research 
 

 

This research aims at analyzing the impacts of climate change on food supply and 

presenting proper response plans so as to ensure a stable supply of food. In particular, 

the research aims to systematically analyze the impacts of climate change on the 

production of major crops, as well as changes in production resources (such as a 

reduction of farming area) on domestic food production and imports.  

The food dealt with in this research mostly focuses those foodstuffs which people 

consume as staple foods; such as rice, barley and wheat, and the feed grains - corn 

and soybeans.2 The crops to be analyzed with regards to the impacts of climate 

change on food production will be limited to rice and barley, to which the crop 

growth model can be applied. The portion of the analysis dealing with corn, wheat 

and soybean will focus on the international market, given that a considerable 

proportion of those grains come from imports.  

                                                                          
2 Though food is a generic term for grains and meat that people can eat, it usually refers to grains like rice, 

wheat, barley and corn; root and tuber crops like potatoes and sweet potatoes, and legumes like beans 
and red beans.  
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As for the target year and period for predicting the climate change, the years up to 

2100 are considered. However, for the purpose of the analysis of food supply, the 

years 2030 and 2050 have been selected. In this research, the climate refers to the 

average weather conditions for a period of 30 years as suggested by the World 

Meteorological Organization (WMO) and the climate change means the statistical 

difference between the values for the changes in the past 30 years’ meteorological 

data and the latest meteorological data. 

 

 

3. Review of Preceding Studies  
 

 

3.1.  Analysis of Impacts on Food Production 
 

The impacts of climate change on food production have been studied in various 

research studies using crop growth simulation model, regression analysis based on 

past data, and nonparametric analysis. Lee, et al. (1991) evaluated the impact of CO2 

concentration on Korea’s weather and agricultural resources, assuming the 

concentration doubles as predicted by the General Circulation Model (GCM). They 

also analyzed the impact of global warming on rice growth and production, using a 

Modules of an Annual Crop Simulation (MACROS).  

Joo (1994) analyzed the impact of climate change on the crop yield in major 

countries such as USA, Europe, Australia, Japan and Russia, using crop yield 

circulation models like the US Environmental Protection Bureau’s Geophysical Fluid 

Dynamics Laboratory (GFDL) model, the British Meteorological Agency’s BMO 

model, and the EU’s HANUS model.  

 Kwon and Kim (2009) analyzed the impact of climate change on rice yield using 

a nonparametric econometric model called the Kernel Regression Analysis. Kim, et 

al. (2009) analyzed the impacts of climate change on crop yield and farm household 

economy by applying such models as the CERES-Rice model, the ORYZA model 

and the Ricardian model. 

Examples of overseas research on  the impacts of climate change on food 

production are as follows: Vining (1989) carried out a quantitative analysis on  the 

impacts of individual weather elements, such as solar radiation, temperature, 

precipitation, humidity and wind speed, on agricultural and livestock production; 
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Francisco and Guise (1988) analyzed the impact of precipitation on the grain yield; 

and Geumjung (1983) developed a crop yield index equation, which they used in 

combination with the common year yield to measure the extent of the impact of 

meteorological factors on crop production. 

Rosenzweig and Parry (1994) analyzed the change in food trade between 

developed and the developing countries caused by the increase in CO2 concentration 

following global warming. To achieve this he utilized both an atmospheric 

circulation model and a general equilibrium model called the World Food Trade 

Model. In addition, he took into consideration forecasts for global crop production 

and farm-level adaptation to the global warming.  

Finger and Schmid (2007) analyzed the impact of climate change on the 

production of corn and winter wheat. They utilized the expected utility function 

taking into consideration the risk of climate change, which had been in turn derived 

from ecological and physical models. They also carried out a yield analysis, taking 

into consideration the farmers’ response to climate change and price change risks. 

Lee, Nadolnyak and Hartarska (2012) analyzed the impact of climate change on 

the agricultural production in 13 Asian countries using the panel data for seasonal 

weather, labor, irrigation, agricultural machinery, and fertilizer parameters for the 

period 1998-2007. In addition, they derived temperature and precipitation elasticity 

and suggested the marginal effect of climate change.  

 

 

3.2.  Studies about the Relationship between Climate 

Change and International Grain Market 

 

The first example of a study into the relationship between climate change and the 

international grain market is the one carried out by Cho and Lee (2008). They 

analyzed the impact of climate change on the demand/supply and price of grains in 

the future international market as well as the impact of change in the international 

grain market on the domestic livestock sector, by developing the scenarios associated 

with the production of major crops such as wheat, coarse grains and oilseeds based 

on the world agricultural outlook model “Aglink 2008.”  

Han, et al. (2011a) supplemented the Korea Agricultural Simulation Model 

(KREI-KASMO) developed by Korea Rural Economic Institute (KREI) during 

2007-2008, by accounting for recent changes in socioeconomic circumstances as 
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well as the changes in both the agricultural environment and the macroeconomic 

indices. With this model, they forecast the production, import, supply and price of 

major grains such as rice, barley and legumes according to the changes in the 

domestic and international conditions. 

Based on the climate change prediction scenarios in the IPCC 4th Assessment 

Report, Heongtaek, Bancheon, and Gangjeon (2009) established a wide-area rice 

yield forecast structure model using the rice growth and rice yield estimation model. 

They divided the period from 1981 to 2100 into three sub-periods - 1981~2000, 

2046~2065 and 2081~2100. Then, using the rice yield estimation model, coupled 

with the effects of three adaptation measures such as moving the transplantation date, 

crop variety improvement and fertilizer management they analyzed the impact of 

climate change on the rice yield of Japan. 

 

 

3.3.  Studies about Adaptation Measures to Climate 

Change  
 

With regards to research on measures designed to facilitate adaption to climate 

change, Kwon, et al. (2004) examined the main issues related to climate change 

when establishing initiatives for adaptation in response to the climate change 

convention, and reviewed foreign country adaptation policies. They presented each 

industrial sector of Korea with plans for adapting to climate change. The agricultural 

sector was presented with seven adaptation plans.  

Han, et al. (2007) evaluated the vulnerability to, and hence impact of, climate 

change before proposing adaptation measures and a plan to establish a national 

climate change adaptation system. Their study examined various fields including 

water resources, ecosystems, industry, health, marine and fisheries with the 

agricultural sector being covered in the ecosystem field. Their study then assessed the 

vulnerability of rice production to climate change using the Crop Estimation through 

Resource and Environment Synthesis (CERES-Rice) model.  

Burton and Lim (2005), in their outlook for global agriculture’s adaptation to 

climate change, suggested adaptation technologies as well as plans to establish and 

enforce national-level implementation programs in the face of climate change. They 

analyzed that the continued success of adaptation rested more heavily on actions 
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at the national level in the context of changing technology and world trade 

liberalization.   

 Malcolm, et al. (2012) divided the United States into 48 regions, established the 

Regional Environment and Agriculture Programming (REAP) model which is a 

mathematical programing model of the U.S. agricultural sector. Using this model 

they analyzed the impact of climate change on major agricultural product yields and 

carried out a quantitative analysis of the adaptation potential of the farmers 

undertaking adaptive behaviors and/or measures, such as introducing drought-

tolerant varieties. They suggested that, while impacts were highly sensitive to 

uncertain climate projections, farmers had considerable flexibility to adapt to 

changes in local weather, resource conditions, and price signals by adjusting 

crops, rotations, and production practices.   

 

 

3.4.  Differences between Previous Researches and This 

Research 
 

Mainstream research regarding the impacts of climate change on food supply 

focused on predicting crop yield changes using a crop model under climate change 

scenarios. This would then predict crop yield changes by using the time series data 

for past crop production, and allow for the development of climate change adaptation 

technologies for major crops. In addition, studies to analyze prices on the 

international grain market and to find ways to improve the grain import methods 

were also carried out. 

In this study, an attempt was made to systematically analyze the impacts of climate 

change on food supply by combining the crop growth model and the food demand-

supply simulation model, based on a summary of the previous research.  

For the food supply analysis, an empirical analysis of the food supply in the 

international grain market was carried out. Additionally, domestic grain production, 

climate driven changes in domestic grain production and imports were analyzed as 

well. Efforts to find ways to establish a stable food supply system in response to the 

future climate change led to, firstly an analysis of farmers’ reaction to climate change; 

secondly, a case study of international organizations and major countries and thirdly, 

an empirical analysis of climate change. The fruits of this research detailed a 

systematic and effective way to secure a stable food supply.  
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4. Study Methods 
 

 

In order to analyze the impacts of climate change on food supply and to investigate 

countermeasures to climate change, a detailed review of domestic and international 

academic literatures was undertaken. 

Additionally a review of the publications and research reports produced by 

domestic research institutions and relevant agencies such as the Ministry for 

Agriculture, Food and Rural Affiars, Rural Development Administration, National 

Academy of Agricultural Science and National Institute of Meteorological Research 

was also undertaken. 

Furthermore, to obtain a grasp of the overseas research trend in this field, the 

relevant literature from major countries, such as the United States, EU, Japan and 

Australia, and international organizations such as the IPCC, OECD and FAO were 

also reviewed.  

To analyze the level of farmers’ recognition of, and response to, the link between 

climate change and food supply, a survey was conducted. The analysis of the impacts 

of climate change on food supply employed a variety of methodologies.  

First, the panel regression model which allows us to control for some tyoes of 

omitted variables without actually observing them was used for analyzing the factors 

related to the climate change and the area of observation patch damaged by rice pest. 

This model has the advantages of controlling both the estimation errors occoring in a 

time series and those occurring in regional data, making more realistic analysis.  

Second, the CERES-Rice model and the agriculture simulation model (KASMO) 

were used to analyze the impact of climate change on food supply. The integrated 

model for analyzing the relationship between climate change and food supply, the 

Simulation Model for Climate-Agriculture Relations (SIMCAR) was developed 

using the CERES model and the KASMO.  

Third, the panel analysis-probability effect model which can control estimation 

errors occurring during time series process and those occurring in the regional unit 

data was used to analyze the impacts of abnormal weather on rice production.  

Fourth, a multiple regression model was used to estimate the price flexibility 

coefficient of demand for major grains in order to measure the influence of climate 

change upon the international grain markets. The estimates reflect the demand 
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response to a one-year supply shock and thus correspond to the inverse demand 

elasticity.  

Fifth, an ordinal logistic regression model which is a generalized linear model 

specially tailored for the case of predicting ordinal variables was used to analyze the 

level of willingness by farmers to accept climate change adaptation technology.  

In order to benchmark previous analysis of climate change impact on the 

agricultural sector and the response plans, an in-depth interview survey was carried 

out. This involved attending the meetings held by international organizations such as 

the OECD and the FAO which had accumulated considerable expert knowledge via 

research results and meetings with the experts in related fields (Trip to Europe: 22nd 

~29th April, 2012). In addition, related data was collected and analyzed for 

benchmarking by means of in-depth interviews with researchers and policy-makers 

during visits to key research institutions such as the United States Department of 

Agriculture - ERS (USDA-ERS), the US National Atmospheric Science Research 

Center (NCAR) and the International Food Policy Research Institute (IFPRI) (Trip to 

USA: September 16~23, 2012) (Kim Chang-gil, 2012d). 

To collect ideas and seek consultation regarding plans for building a stable, 

climate change resilient food supply system, a climate change response policy 

development seminar was held (June 14, 2012, Gwacheon Grace Hotel). This 

seminar was attended by KREI researchers and experts from Green Future Strategy 

Department of the Ministry for Food, Agriculture, Forestry and Fisheries as well as 

from Climate Change Ecology Department of the National Academy of Agricultural 

Science. International participation came from the National Agricultural Research 

Organization of Japan.3 

 

 

5. Composition of the Report 
 

 

This research report, which analyzes the impact of climate change on food supply 

and response plans, is composed of seven chapters. As shown in <Figure 1-1> 

Research Process Flowchart, this report is a systematic analysis of the actual 

                                                                          
3 Four materials presented by the corresponding institutions at the climate change response policy 

workshop are contained in the seminar kit (Deprtment of Natural Resources and Environment Research, 
KREI, 2012).  
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conditions, and prospects of, climate change; a diagnosis of national and international 

food production; an estimation of the impact of climate change on domestic food 

production; an assessment of the impact on the international grain market; an outline 

of the trends of discussions among international organizations and a case study of 

major countries.  

In Chapter 1, the introduction presents the need for the research, the purpose and 

scope of the research, a review of previous research, and an outline of the research 

methods employed.  

In Chapter 2, global climate change is diagnosed and forecasted based on IPCC 

data and climate change forecast data by the US National Atmospheric Science 

Research Center (NCAR). In addition, the current status of climate change in Korea 

is diagnosed and the future climate change is forecasted using the results of an 

analysis employing new climate change scenarios constructed by the National 

Institute of Meteorological Research. 

In Chapter 3, the national potential for food production under climate change is 

diagnosed. The relationship between climate change and food production is 

examined; the current and future conditions of change in the arable land area (a key 

natural resource) are diagnosed and forecasted; and the crop productivity under 

climate change is analyzed. The relationship between climate change and pest 

infestation is also examined.  

Chapter 4 deals with the analysis of climate change impact on food supply, which 

covers an analysis of the impact on food production; an analysis of the relationship 

between abnormal weather and food supply; an analysis of the impact on 

international grain market, and an analysis of farmers’ awareness of, and responses to 

the impact of climate change on food supply. 

Chapter 5 reviews the trend of expert discussions regarding the relationship 

between climate change and food supply among international organizations such as 

the OECD and the FAO. It also presents the study of cases from major countries 

including the USA, EU, Japan and Australia, and presents their implications.  

Chapter 6 examines in general the results of empirical analyses of food supply and 

of the cases studies for international organizations’ and major countries’ responses to 

climate change. Using this, the chapter sets forth a basic direction for developing a 

stable food supply system in response to climate change. The chapter also presents a 

roadmap for each stage and the key tasks for each field, as shown in Figure 1.1.  

Finally, Chapter 7 presents a summary and a conclusion.   
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Figure 1-1.  Research Process Flowchart 

 
 

 

▪ Diagnose and forecast global climate change. 
▪ Diagnose and forecast climate change on the 

Korean Peninsula. 

▪ Examine national resources such as 
farmland and agricultural water. 

▪ Diagnose the productivity of major grains. 

▪ Examine food exports by major countries. 

▪ Review the theories on ate change and food 
supply. 

▪ Analyze food production in each climate 
change scenario.  

▪ Analyze the impact of abnormal weather on 
food production. 

▪ Identify climate change impacts in major 
countries.  

▪ Analyze the impact of climate change on the 
international grain market.  

▪ Estimate the price flexibility coefficients of 
major grains. 

▪ Response cases of OECD and FAO 

▪ Response cases of the EU, USA, Japan and 
Australia 

▪ Response case of Europe 

 

▪ Diagnose national and international 
food production. 

▪ Analyze the climate change impact on 
the national food market. 

▪ Analyze li the impact of climate 
change on the international grain 
market. 

▪ Analyze the cases of the agricultural 
sectors of international organizations 
and major countries. 

▪ Develop a stable food supply system in response to climate 
change. 

▪ Suggest a basic direction for developing the stable food 
supply system. 

▪ Suggest step-by-step response plans with the target year of 
2022.  

▪ Suggest key tasks for developing the stable food supply 
system.  

▪ Suggest research tasks for each field. 

▪ Review previous research and related 
materials. 

▪ Carry out the survey of experts and farmers 
(national and international). 

▪ Analyze and forecast the current 
conditions and the future of climate 
change. 
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Current Conditions and Forecast of 
Domestic and Global Climate Change Chapter 2 

 

 

 

 
In order to find ways to secure a stable food supply in response to climate change, 

the current condition of climate change should first be identified before reviewing the 

prospect of future climate change. In Chapter 2, the current condition of global 

climate change is examined and its future forecasted utilizing the scenarios from the 

Special Report on Emissions Scenarios (SRES) as presented in the 4th IPCC Climate 

Change Assessment Report. Also, a forecast of global climate change in accordance 

with the Representative Concentration Pathways (RCP), a new climate change 

scenario, is suggested based on the results of research by the National Institute of 

Meteorological Research. Then, the current condition of domestic climate change is 

diagnosed using analysis data by the National Institute of Meteorological Research 

that forecasts future temperature and precipitation under the new climate change 

scenarios. For RCP 8.5 in particular, the climate change on the Korean Peninsula for 

the period from 2010 to 2100 are estimated using the equations for estimating 

average annual temperature and average annual precipitation based on detailed (1km) 

estimates for South Korea provided by the Climate Change Information Center of the 

Korean Meteorological Agency. 

 

 

1. Current Conditions and Forecast of Global 

Climate Change 
 

 

Climate refers to the long-term variation in the atmospheric conditions of a 
specific region or regions, and thus climate change means a gradual change in 
the climate system, both by natural and artificial causes. Climae change has 
been in constant flux since the Earth began. The Earth’s climate has alternated 
between the glacial and the interglacial periods every one hundred thousand years for 
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the past million years and now, fortunately, it is cycling through an interglacial 
period with its mild weather. 

Past climate changes were triggered by natural causes. However, the current 

ongoing global warming which refers to the average increase of the Earth’s 

temperature is different from those changes in that it is caused mainly by human 

activities as opposed to natural causes (Kwon, 2008a). To obtain a systematic and 

reliable diagnosis for this global warming, periodic scientific analysis on global 

climate change has been carried out by a UN agency called The Intergovernmental 

Panel on Climate Change (IPCC) since 1990. The IPCC has published four 

assessment reports; in 1990, 1995, 2001 and 2007.4 The current state of global 

warming, according to the 2007 report, is that CO2 concentration has increased about 

1.4 times, from 280 ppm prior to industrialization to 379 ppm in 2005). As a result, it 

is estimated that the average global temperature has risen by 0.74 ºC (0.56~0.92 ºC). 

The average temperature in the Northern Hemisphere, particularly in the late 20th 

century, has seen the highest temperature change recorded since 1850. Additionally, 

the trend of rising temperatures in the last 20 years has been found to be more than 

twice that for the past 100 years.5 

As the global climate change is affected by various factors, including the regional 

characteristics, socioeconomic variables, and meteorological variables, it is estimated 

through several scenarios, as presented in Table 2.1. The IPCC has provided 

greenhouse gas emissions scenarios in the climate change assessment reports, by 

estimating the changes in greenhouse gas concentrations based on demographics and 

the socio-economic development data.  

The SRES divides the emissions scenarios largely into four (A1, A2, B1, B2), and 

subdivided A1 into modified scenarios (A1F, A1T, A1B) depending on what is 

emphasized <Table 2-1>. The forecast for future global climate change suggested 

that the average temperature of the 21st century (2090~2099) would rise within a 

range of 1.1~6.4 ºC from temperatures recorded in 1980~1999, depending on 

scenarios.  

                                                                          
4 IPCC (2007) is an international organization operating under the auspices of the UN. It was established 

in 1988 by the World Meteorological Organization (WMO) and the United Nations Environment 
Programme (UNEP). Its 4th Assessment Report published in April 2007 involved the participation of 
2,500 scientists around the world over the period of about six years. 130 countries have recognized the 
validity of this report (National Advisory Council on Science and Technology, 2007). 

5 In the IPCC 4th Report, an unequivocal expression was used that there was no doubt that a warming of 
the climate system has occurred and that the increase in greenhouse gases was caused by anthropogenic 
factors.  
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Table 2-1.  Forecast of Temperature Rise in 2100 for Each Emission Scenario 
Unit: % 

Emission Scenario Average Range 

Fossil Fuel Intensive (A1FI) 4.0 2.4~6.4 

Predominantly Non-Fossil Fuel (A1T) 2.4 1.4~3.8 

Balanced (A1B) 2.8 1.7~4.4 

Heterogeneous (A2) 3.4 2.0~5.4 

Sustainable Development (B1) 1.8 1.1~2.9 

Regional Coexistence (B2) 2.4 1.4~3.8 

Source: IPCC (2007), p.8 

 

IPCC Fifth Assessment Report (2007), to be published between 2013~2014, 

establishes the Representative Concentration Pathway (RCP) as the basis of new 

climate change scenarios. The RCP associates the changes in socio-economic 

circumstances with the radiative forcing, which represents the greenhouse gas 

concentration emitted by human activities into atmosphere. The RCP classifies 

climate change scenarios into four types depending on the extent of radiative forcing 

such as RCP8.5, RCP6.0, RCP4.5, and RCP2.6.  

 

Table 2-2.  New Climate Change Scenarios in IPCC Fifth Assessment Report 

Scenario 
Radiative 
Forcing1) 

Concentration2) 

(ppm) 
Path 
Type 

CO2 
Concentration 

in 2100 
(ppm) 

Comparison with SRES  
(ppm) 

RCP8.53) 8.5 W/m2 or 
more in 2000 

1,370 CO2 or higher in 
2100 

Increase 940 
A2(830)~A1FI(970) 
A2: Heterogeneous 

RCP6.0 
Stabilizes at 
6W/m2 or lower 
after 2100 

Up to 850 CO2  
(Stabilizes after 2100) 

Stabilize 670 
B2(600)~A1B(720) 
A1B: Balanced 

RCP4.54) 

Stabilizes at 
4.5W/m2 or 
lower after 
2100 

Up to 650 CO2  
(Stabilizes after 2100) 

Stabilize 530 
B1(550) 
B1: Sustainable 

Development 

RCP2.6 

Reaches the 
peak at 3 W/m2 
before 2100 and 
then decreases 

Reaches the peak at 
490 CO2 before 2100 and 
then decreases 

Peak & 
Decrease 

420 
Restorable by Human 

Activities 
(Impossible to Realize) 

Note 1) Radiative forcing value is the net effect of other forcing factors than all anthropogenic 
greenhouse gases 

2) CO2 equivalent (CO2-eq) concentration, calculated by concentration=278×exp (forcing/5.325). 
3) RCP8.5 is BAU scenario, which assumes that the greenhouse gases are emitted at the 

current trend.  
4) RCP4.5 is a scenario where greenhouse gas mitigation policy is implemented to a certain extent. 

Source: National Institute of Meteorological Research (2011a). 
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Research to forecast global climate change based on RCP scenarios has been 

carried out by the meteorological research institution in each country, using the 

meteorological super computer and the global system prediction model. For the USA, 

the applied meteorology research department of National Center for Atmospheric 

Research (NCAR) has carried out the research to predict global climate change as 

well as US climate change for each of RCP scenario, since 2011.6 The NCAR’s 

forecast of global climate change has been carried out with the target year of 2300. 

For year 2100, a  4.0ºC  temperature rise is forecast using  RCP8.5, while a 2.5 ºC 

increase is forecast using RCP6.0, making the difference between these two 

scenarios about 1.5 ºC <Figure 2-1>. 

 

Figure 2-1.  Forecast for Global Temperature Change in RCP Scenarios 

 

Source: NCAR (2012). 

 

National Institute of Meteorological Research (2011) calculated and announced 

the forecast for global climate change by 2100 based on RCP, a new international 

                                                                          
6 Note that the forecast data for climate change in each RCP scenario and for occurrence of world’s 

abnormal weather, for which researches have been carried out by the US NCAR, is quoted from the 
materials published by Dr. Lawrence Buja, the general research director, during the trip to the USA on 
September 18, 2012 (Kim Chang-gil, 2012d). 
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standard greenhouse gas scenario, so as to be compatible with the IPCC 5th 

Assessment Report and to provide Korean Ministries with the necessary scientific 

data and information for for coping with national climate change. Though it varies 

depending on RCP scenarios, the average temperature and precipitation are both 

shown to rise considerably rising under RCP8.5 <Figure 2-2>. 

 

Figure 2-2.  Forecast for Global Average Temperature Change under RCP Scenarios 

 

 

Source: National Institute of Meteorological Research (2011a), p.29. 

 

In comparison to the end of the 20th century (1971~2000), it is forecast that by the 

end of the 21st century (2071~2099) temperatures would have risen by 2.8 ºC and 

the precipitation rise by 4.5% under RCP4.5. Under RCP8.5 scenario the rise would 

be 4.8 ºC and 6% respectively <Table 2-3>. 
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Table 2-3.  Forecast for the Earth’s Average Temperature and Precipitation Change 

by the End of the 21st Century 

RCP scenario RCP4.5 (540 ppm) RCP8.5 (940 ppm) 

Global 

Average 

Temperature (ºC) +2.8 ºC +4.8 ºC 

Precipitation (%) +4.5% +6.0% 

Sea Level  72.7 cm 90.0 cm 

Source: National Institute of Meteorological Research (2011a). 

 

It is expected that climate change will bring about frequent abnormal weather 

conditions all over the world. The frequency and intensity of extreme weather 

phenomena such as abnormally high Arctic temperatures, local changes in 

precipitation and snowfall, heat waves, typhoons, torrential rains, heavy snow, and 

drought has increased. In particular, it is expected that climate polarization will lead 

to droughts in the arid areas and heavy rains and flooding in areas used to heavy-rain 

(IPCC, 2007; National Institute of Meteorological Research, 2011a). Indeed, The 

World Meteorological Organization (WMO) states that recent abnormal weather is 

no longer ‘abnormal’ but has now become an ‘everyday phenomenon’ which will 

become worse over time (Kwon, 2012).  

 

 

2. Current Conditions and Forecast of Climate 

Change in Korea 
 

 

Geographically located in the Far East region of the Northern Hemisphere within 

the temperate climate zone, Korea has four distinct seasons, being spring, summer, 

autumn and winter. The average annual temperature is 12.4 ºC nationwide. However, 

depending on the region, this deviates widely from 6.4 ºC in Daegwanryeong to 16.2 

ºC in Seogwipo. Though the average annual temperature has a rather large regional 

deviation, temperatures generally over around 10~16 ºC, except in mountainous 

terrains. In order to analyze climate change in Korea, six cities, namely Seoul, 

Incheon, Gangneung, Daegu, Busan and Mokpo were selected as observation data 

for all these cities goes back all the way to 1912. The results showed that between 
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1912 and 2010 the temperature rose 1.8 ºC and precipitation increased 200 mm or 

more. This measurement is based on an analysis of meteorological observations 

recorded until 2010 from when modern meteorological observation first started 

in Korea in 1904, and is higher than the global average temperature rise of 

(0.74±0.18℃). The main causes of the temperature rise include global warming 

and urbanization, with urbanization accounting for 20~30% of the temperature 

rise (Kwon, 2012). 

According to the forecasts based on RCP new climate change scenario as shown 

in Table 2-4, the average temperature of the Korean Peninsula is expected to rise by 

6.0℃ and precipitation by 20.4% by the end of the 21st century (2070~2099). This 

assumes that the current trend of greenhouse gas emissions continues without climate 

change mitigation efforts (RCP8.5). On the other hand, if greenhouse gas mitigation 

efforts are realized (RCP4.5), the average temperature is expected to rise by 3.4℃ 

and precipitation by 17.3% (National Institute of Meteorological Research, 2011a).7 

According to RCP4.5 scenario, the subtropical climate region is expected to 

expand to Boryeong on the west coast. Even Incheon, a metropolitan coastal area, 

will be included in the subtropical zone. Under the RCP8.5 scenario, all areas, except 

Hongcheon, Wonju, Inje and Jecheon around Daegwanryong, are expected to be 

included in the sub-tropical climate zone <Figure 2-4>.8 

 

Table 2-4.  Forecast for Average Temperature and Precipitation in the Korean 

Peninsula in the End of 21st Century 

RCP Scenario RCP4.5(540ppm) RCP8.5(940 ppm) 

Average in 

Korea 

Temperature (ºC) +3.4 ºC +6.0 ºC 

Precipitation (%)  +17.3%  +20.4%  

Source: National Institute of Meteorological Research (2011a).  

  

                                                                          
7 The average temperatures in Korea is facast to be 1~1.5 ℃ higher than the average global 

temperature. The reason for the higher temperature rise in Korea include the increase in carbon 
dioxide concentrations in Korea, and increase in population and greenhouse gases emission in the 
neighboring Asian countires such as China (Kwon, 2012).     

8 Climate zone classification methods vary from one scholar to another. The American geographer Glen 
Trewada defines the area of which average temperature exceeds 10 degrees more than eight months in 
a year, as being in the sub-tropical climate zone. The subtropical climate refers to the climate with less 
rain due to the influence of the mid-latitude high-pressure zone (National Institute of Meteorological 
Research, 2010). 
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Figure 2-3.  Forecast for Annual Average Temperature and Precipitation of Korea 

under RCP8.5 

 

 

Source: KMA Climate Change Information Centre. 

 

According to the Forecast of Abnormal Weather in the Korean Peninsula by the 

National Institute of Meteorological Research (2011a), the occurrence of high-

temperature phenomena such as heat waves and tropical nights is expected to 

increase 3~6 times, while the number of days of torrential rain, when daily 

precipitation is 80mm and above, will increase by more than 60%, by 2050. The 

average number of days of torrential rain, presently 2.20 a year, is expected to 

Average Annual Precipitation under RCP 8.5 

Average Temperature of Korea under RCP 8.5 
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increase. By the end of the 21st century, the increase under scenario RCP4.5 will be 

4.24 days to 6.54, whereas under scenario RCP8.5 the increase will be 4.29 days to 

6.59. As the average of probability density function shows the maximum distribution 

of daily precipitation and daily highest temperature increases and the upper tail gets 

thicker, the probability of heavy rain and high temperature is expected to increase 

(Cho, et al., 2011).9 

 

Figure 2-4.  Forecast for the Change in Subtropical Regions of the Korean 

Peninsula 

 

Source: National Institute of Meteorological Research (2011a), p.111. 

                                                                          
9 An extreme weather event is an event that is rare within its statistical reference distribution at a 

particular place. Defintions of ‘rare’ vary, but an extreme weather event would normally be as rare or 
rarer than the 10th or 90th percentile. Extreme value theory dealing with the extreme deviations from 
the median of probability distributions provides weather distributions with which to model the upper 
tail. For more application of projecting extreme temperature and precipitation, refer to Cho, et 
al.(2011) and Lee, et al. (2012) 
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Compared to other sectors of the economy, agriculture is a fairly climate-

dependent sector in which organisms are produced based on solar energy, water and 

carbon dioxide. Given this, climate change and food production are very closely 

related with changes in temperature and precipitation directly impacting domestic 

and international food production. In Chapter 3, an overview of the impact of climate 

change on food production is presented and the potential for food production using 

domestic natural resources, including the arable land area and the key element of 

food production, is evaluated. Changes in the productivity of major crops brought on 

by climate change are also examined, while pest infestation, which ever has a 

significant impact on agricultural ecosystems, is diagnosed and predicted. Factor 

analysis of pest infestation in the farmland is limited to the rice cultivation. This is 

due to the constraints of time-series data in the related fields.  

 

 

1. Relationship between Climate Change and Food 

Production 
 

 

In comparison to other sectors, agriculture is highly climate-dependent industry, 

highly affected by climate change. Temperature rises due to global warming affects 

various related fields of study including food production, diseases and pests, 

ecosystems, water resources, farmland, soil and agricultural infrastructure <Figure 3-

1>. The impacts of the temperature rise on food production vary considerably from 

one geographical location to another at each latitude. Depending on the level of 

change the temperature rise may have positive or negative impacts. Negative impacts 

would likely include crop production decreases, optimal cultivation areas moving 
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with temperature changes, and the possibility that new crop varieties would need to 

be cultivated.10  

 

Figure 3-1.  Impacts of Temperature Rise on Each Sector of Agriculture 

Source: Kang (2012). 

 

The major factors affecting the food production include meteorological factors, 

soil factors, crop factors, cultivation factors and biological factors.11 Of these, the 

meteorological factors and the biological factors exert considerable influences on 

crop production, depending on the extent of climate change. The mechanism by 

which the climate change affects the food production may be explained by means of 

                                                                          
10 The negative and the positive impacts of climate change on the agricultural sector and their impact 

paths are presented in the report by Kim, et al. (2009). 
11 Meteorological factors include temperature, precipitation (rain and snow), wind, humidity, solar 

radiation, and CO2 concentration. Soil factors include soil, soil fertility, arable soil layer, slope and 
drainage. Crop factors include the compatibility of crop varieties’ with weather conditions and the soil 
environment among others. Cultivation factors include sowing, planting times, planting methods, and 
soil and nutrient management. Finally biological factors include pests, weeds, pollen carrier insects, 
and soil microorganisms (Kang, 2012). 

Food 
Production 

Pest 

Ecosystem 

Water 
Resources 

 
Farmland, Soil 

 
Infrastructure 

Increase of rice production in the 
northern regions of high-latitude 

Decrease by 15%~35% due to rise of infertility rate 

Constant moving in the suitable areas for cultivation as the optimal places 
for rice, fruit and vegetable production 

Decrease yields of temperate fruits and vegetables and increase of 
subtropical fruits and vegetables 

Decrease of average daily gain and milk production due to the 
increase of livestock stress 

Increase of the southern pests and the pest proliferation rate 

Increase in the probability of emergence of livestock 
diseases and infectious disease 

Probability of extinction of species (e.g. frogs) up to 30% Extinction of vulnerable 
species 

Acceleration of food chain disturbance due to 
change in biotic seasons

Increasing danger  in  greenhouses and barns 
collapsing due to typhoon and heavy rain 

Increase in the worries for collapse of the coastal infrastructure due the rise of sea level 

Increased danger  of reservoirs collapsing due to the increased precipitation 

Increase of drought damages due to the decreased water resources available in the 
mountainous regions and the increased evaporation 

Increase of the sloping soil erosion during summer and reduction 
of fertilizer ingredients 

Increase of the coastal farmland flood damage due to flood and typhoon 

30% loss of the coastal wetlands and lowland farming areas 

Progress of desertification of farmland 
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a very complicated natural science process. However, in this paper, the discussion of 

climate change impacts will be limited to food supply. 

First of all, the factors contributing to climate change can be summarized as a 

temperature rise due to increasing greenhouse gas concentration, global-scale 

changes in the heat and water balance, and the emergence of El Niño and La Niña 

<Figure 3-2>.12 The factors of climate change affect the global climate system,  

 

Figure 3-2.  Impacts of Climate Change on Food Production 

 

                                                                          
12 El Niño refers to a condition in which the sea surface temperature near the tropical eastern-Pacific 

equator is higher than average temperature (a sea surface temperature 0.4 ºC or more higher than the 5-
month average temperature), while La Niña refers to the opposite condition in which the sea surface 
temperature is 0.4 ºC or more lower than the 5-month average temperature). El Niño and La Niña may 
affect climate change or may be affected by climate change (Climate Change Information Center, 
National Meteorological Agency, http://www.climate.go.kr/home/ 05_prediction/02.html). 

 

 

 Impacts on Overseas Agriculture 

• Increase of high-latitude crop production (+) 
• Increase of stress in the low-latitude crops  
(-) 

• Reduction of the crop quantities and 
qualities due to high temperature (X) 

• Moving of optimal areas for cultivation 
• Disturbance of agricultural ecosystem (-) 
• Immersion of farmland in the coast areas 
[+: Positive, D: Uncertain, -: Negative] 

 

Climate Change Factors 
• Temperature rise due to the increase of greenhouse gas 
concentration 

• Change of global-scale heat balance and water balance 
• Emergence of El Niño, La Niña 

Changes in the Global/Korean  
Weather Systems 

• Weakening of the Asian monsoon  
• Increase of strong typhoon and change of currents 
• Increasing fluctuations in meteorological elements 
• Changes in water resources 
• Increasing influx of non-native species 

Impacts on Domestic Agriculture  

• Extension of cultivation period (+) 
• Change in the cultivation area (D) 
• Reduction of water capacity (-) 
• Decrease of crop quantities and lowering of 
qualities 

• Degradation of fertility rate 
• Increase  in plant collapse and salt damage by 
typhoons 

• Disturbance of agricultural ecosystem (-) 
[+: Positive, D: Uncertain, -: Negative] 
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including the Korean peninsula. The results are a weakening of the Asian monsoon 

characteristics, an increased occurrence of more severe typhoons, ocean current 

changes, increased meteorological fluctuations such as heat waves or cold snaps, 

change in water resources as precipitation changes, and an increased influx of non-

native species.  

In particular, it is suggested that climate change affects atmospheric and ocean 

circulation, likely causing a more frequent occurrence of abnormal weather like 

floods and droughts. The change in precipitation patterns due to climate change not 

only causes the rainfall amount to change but also brings about changes in its 

geographic and temporal concentration. As drought and torrential rain coexist, water 

becomes a serious issue in some continents or regions, which will act as a significant 

constraint on the use of agricultural water. 

Impacts of climate change on food supply can be largely divided into direct 

impacts on domestic agriculture and indirect impacts that lead to the change in food 

production by major international grain producing countries. The impacts of climate 

change on the domestic agriculture are similar to those on the overseas agriculture, 

though the sizes and extents of the impacts may vary depending on the latitude (high-

latitude, mid-latitude, low-latitude, etc.) of the country’s location. Climate change 

may have some positive impacts on domestic agriculture in that it opens up the 

possibility of introducing new crops as the cultivation period is extended. However, 

this is more than offset by greater negative impacts, such as reductions in the amount 

of available water and a shortened growth period due to temperature rises. The 

negative impacts of climate change on crop biology include crop reduced both in 

yields and quality, a degradation of the fertility rate due to high temperatures 

disturbing pollination and fertilization, an increase of crop collapse and salt damage 

due to typhoons, and the disturbance of agricultural ecosystem due to increased pest 

activity. Climate change also affects the major grain producing countries. Depending 

on the temperature rise positive aspects may manifest in cold regions at high latitudes 

in the Northern Hemisphere where the temperature rise may lead to an increase of 

grain production. However for the regions at lower-latitude, the benefits are heavily 

outweighed by negative impacts including, but not limited to, increasing crop stress 

as water availability decreases, reductions in crop yields and quality due to 

temperature rises, increased disturbance of the agro-ecosystem due to increased pest 

infestation, increasing constraints on agricultural water due to shortages in water 

resources, and the flooding of coastal farmlands due to sea level rise. In addition, 
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each crop flourishes only within a narrow range of climatic conditions. Therefore, as 

the climate changes, the locations for optimal crop cultivation will move northward 

in the Northern hemisphere both domestically and overseas. As the change in 

suitable regions for cultivation may present itself either as a crisis or as an 

opportunity depending on locations, it is difficult to distinguish whether this will 

have a positive or a negative impact (Kim Chang-gil, 2012a). 

 

 

  



 
  
 
28  Diagnosis of Climate Change and Domestic Potential for Food Production 

 

2. Diagnosis of Changes in the Food Demand and 

Supply and the Arable land area  
 

 

Examining the food supply side of food demand and supply, it is clear that 

domestic food production has decreased year on year, from 7,295 Ktons in 1975 to 

4,846 Ktons in 2011; a 33.6% decrease. During the same period food imports have 

increased about 5.3 times from 3,012 Ktons in 1975 to 15,876 Ktons in 2011. Taking 

into consideration that a considerable portion of the food import is accounted for by 

feed grains and the ending inventory is decreasing, the food problem is becoming 

increasingly serious. On the demand side, grain demand for human consumption 

decreased approximately 31% from 7,333 Ktons in 1975 to 5,053 Ktons in 2011. 

During the same period the demand for grain for feed increased about 13.5 times 

from 779 Ktons in 1975 to 10,539 Ktons in 2011. The consequence of these changes 

saw food self-sufficiency greatly reduced from 73% in 1975 to 22.6% in 2011. Food 

self-sufficiency, including grain for feed, was also considerably reduced from 79.1% 

in 1975 to 44.5% in 2011 <Table 3-1>.  

 

Table 3-1.  Trend of Changes in the Food Demand and Supply 

Unit: Ktons, % 

 

 
Supply 

 
Demand 

Year-end 

Inventory 

Self-

sufficiency 

(%) 

Self-

Sufficiency 

excl. Feed 
 

Carry-

forward 
Production Import 

 
Food Processing Seed Feed 

Decrease 

· 

Others 

1975 12,258 1,951 7,295 3,012 9,996 7,333 970 187 779 727 2,262 73.0 79.1 

1980 14,775 2,676 7,048 5,051 12,596 6,860 2,072 117 2,472 1,075 2,179 56.0 69.6 

1985 16,947 2,509 7,102 7,336 14,667 6,800 2,560 100 4,746 461 2,280 48.4 71.6 

1990 19,939 2,904 7,013 10,022 16,282 6,302 3,291 86 6,301 302 3,657 43.1 70.3 

1995 23,093 3,019 5,816 14,258 19,974 6,127 3,776 66 9,373 782 3,119 29.1 55.7 

2000 22,586 2,031 5,931 14,624 19,961 6,164 3,850 72 9,285 590 2,625 29.7 55.6 

2005 22,275 2,706 5,718 13,851 19,847 5,329 4,300 68 8,783 1,367 2,428 29.4 53.4 

2010 22,781 2,463 5,510 14,808 19,946 5,166 4,373 64 9,741 602 2,835 27.6 54.0 

2011 23,557 2,835 4,846 15,876 21,435 5,053 4,692 60 10,539 1,091 2,122 22.6 44.5 

Source: Ministry of Food, Agriculture, Forestry and Fisheries (2012). 

 

The self-sufficiency rate of rice is 83% but the rates for wheat, corn, and soybeans 

are less than 10%, with the shortfall being supplied by imports <Table 3-2>. 

Therefore, in order to analyze the climate change impact on food supply, the food  
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Table 3-2.  Trend of the Changes in Food Self-Sufficiency except Required Grains 

and Feeds 

Unit: % 

 
Total Rice Barley Wheat Corn Bean 

Root & 

Tuber Crops 
Others 

<Self-Sufficiency Rate including Feed Grains> 

1970 80.5 93.1 106.3 15.4 18.9 86.1 100.0 96.9 

1975 73.1 94.6 92.0 5.7 8.3 85.8 100.0 100.0 

1980 56.0 95.1 57.6 4.8 5.9 35.1 100.0 89.8 

1985 48.4 103.3 63.7 0.4 4.1 22.5 100.0 11.6 

1990 43.1 108.3 97.4 0.05 1.9 20.1 95.6 13.9 

1995 29.1 91.4 67.0 0.3 1.1 9.9 98.4 3.8 

2000 29.7 102.9 46.9 0.1 0.9 6.4 99.3 5.2 

2005 29.4 102.0 60.0 0.2 0.9 9.7 98.6 10.0 

2010 27.6 104.6 24.3 0.9 0.9 10.1 98.7 9.7 

2011 22.6 83.0 22.5 1.1 0.8 6.4 97.0 6.7 

<Self-Sufficiency Rate excluding Feed Grains> 

1970 86.2 93.1 115.1 15.9 82.9 92.3 122.7 100.8 

1975 79.1 94.6 96.3 5.8 25.7 97.8 133.1 109.0 

1980 69.6 95.1 62.2 4.8 27.1 64.3 111.2 98.9 

1985 71.6 103.3 89.6 0.5 15.5 62.7 111.1 52.6 

1990 70.3 108.3 97.4 0.05 8.2 64.9 101.2 79.7 

1995 55.7 91.4 67.6 0.47 5.0 37.0 108.6 19.9 

2000 55.6 102.9 49.7 0.1 3.7 28.2 110.8 18.9 

2005 53.4 99.4 63.2 0.4 3.0 30.9 110.0 11.7 

2010 54.0 104.6 25.4 1.7 3.8 32.4 109.4 10.6 

2011 44.5 83.0 23.7 2.2 3.3 22.5 107.1 7.3 

Source: Ministry of Food, Agriculture, Forestry and Fisheries (2012). 

 

supply sourced from domestic bases and those from overseas import shall be 

examined simultaneously. 

Nationally, the arable land area, which serves as the foundation for domestic food 

production, the trend has been for constant decreases from the peak in 1968. It has 

been decreasing by 1% annually from about 2,140 Kha in 1988 to 1,700 Kha in 2011 

<Figure 3-3>.  In particular, the rice paddy area has been continuously decreasing 

each year. But, for the dry field area, there has been a recent rebound.  
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Figure 3-3.  Trend of Changes in the Rice Paddy and Dry Field Areas 

Unit: Kha 

 

Source: Statistics Korea, National Statistics Portal (http://kosis.kr). 

 

To identify the future potential for domestic food production, the changes in rice 

paddy and dry field areas are forecasted as follows: The rice paddy area is predicted 

to continuously decrease due to farmland conversion and fallow, from 984 Kha in 

2010 to 924 Kha in 2020, 832 Kha in 2030, 738 Kha in 2040, and 643 Kha in 2050 

(KREI KASMO Baseline applied, 2012); while the dry field area is predicted to 

decrease from 731 Kha in 2010 to 680 Kha in 2020, but to rebound to 704 Kha in 

2030, 733 Kha in 2040, and 762 Kha in 2050, when it will exceed the area under rice 

paddy cultivation.13 Therefore, the forecast is that the total arable land area will be 

1,710 Kha in 2010, 1,600 Kha in 2020, 1,536 Kha in 2030, 1,471 Kha in 2040, and 

1,406 Kha in 2050 <Figure 3-4>.  

  

                                                                          
13 The reason why the decreasing trend of dry field area becomes an increasing trend in 2020 can be 

explained as follows: As the market liberalization under the FTA has accelerated recently, the 
cultivation area for dry field crops with low price competitiveness such as vegetables, barley, 
miscellaneous grains, and fruits is expected to decrease until 2020. After 2020, however, as most FTA 
tariffs changes to tariff-free, the trend for import to increase will slow, resulting in slowing down of the 
rate of decrease trend in dry field cultivation areas. Also, the recent increase in the cultivation area for 
such dry field crops as beans, wheat, green fruits, and feed crops will also contribute to converting the 
trend of decreasing dry field areas into an increasing trend.  

Rice 
Paddy 

Dry 
Field 
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Figure 3-4.  Forecast of Changes in the Rice Paddy and Dry Field Areas 

 

Source: KREI KASMO Baseline Applied, 2012. 

 

In order to determine the extent of the retention of the arable land area, a key 

element for food production, the arable land area was estimated taking the target 

value for food self-sufficiency into consideration. In accordance with the Act on 

Agriculture, Farm Village and Food Industry, the Ministry of Food, Agriculture, 

Forestry and Fisheries set the target for grain self-sufficiency (including feed grain) 

for 2020 target to 32% in July 2011. In order to achieve this grain self-sufficiency, 

the self-sufficiency rates of rice and legumes were raised respectively to 98% and 

40%. As a result, the utilization area was estimated at 1,865 Kha and the required 

arable land area as 1,752 Kha (Kim Jeong-ho, et al., 2011). It is expected that there 

would be no problem in maintaining the rice paddy area for achieving the 

government target for grain self-sufficiency rate by 2020. However, as the required 

arable land area appears to be short of the 1,750 Kha required by some 150 Kha, 

plans to expand the arable land utilization rate are required <Table 3-3>. On the other 

hand, if the domestic rice production base is to be secured then appropriate measures 

to prepare for continuous decrease of the rice paddy area after 2030 should be 

developed.  

  

Rice Paddy Area Baseline Dry Field Area 
( Kha) 
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Table 3-3.  Estimation of Required Arable land area 

(at the set grain sufficiency rate of 32%) 

 
2010  

(Actual Value) 
2015 2020 

Arable Area ( Kha) 1,715 1,638 1,588 

Utilization Area ( Kha)1) 1,769 1,872 1,865 

- Rice 892 838 790 

- Other Grains 182 261 310 

- Feed Grains 166 277 2,829 

- Vegetables, Fruits, etc.2) 529 496 483 

Arable Land Utilization Rate (%) 103.1 114.3 1,174 

Grain Sufficiency (%) 27.8 30.0 32.0 

Required Arable Land Area ( Kha) 1,744 1,759 1,752 

Note: 1) Calculation of the utilization area for 2015 and 2020 excludes the cultivation area for 

green manure crops. 

2) The cultivation area for vegetables and fruit is an estimate. 

Source: Kim Jeong-ho, et al. (2011), p.131. 

 

 

3. Diagnosis of Crop Productivity following Climate 

Change 
 

 

3.1. Global Warming and Food Crops  
 

 

Climate change followed by temperature rises has both positive and negative 

impacts on food crops. Increasing CO2 concentration promotes the 

photosynthesis of plants and thus amounts to a virtual ‘CO2 fertilizer effect’ on 

food crop production. On the other hand, when CO2 concentration and 

temperature rise at the same time, flowering or fruition is accelerated, further 

promoting the biotic season of plants and shortening their growth periods. 
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When the growth period is shortened, the crops bear fruit when not fully 

mature, negatively impacting both quantity and quality (Kim Han-yong,  

2012). 

Normally, the temperature at which crops can grow ranges from 0 ºC to 45 ºC. 

Temperature response varies according to crop. For example, the highest temperature 

for tropical and subtropical crops to grow is 30~32 ºC, depending on variety, for rice 

and 20~25 ºC for barley. It is known for rice that, if the temperature is higher than 34 

ºC pollination ceases and yields drops drastically.  

Temperature response varies not only with crop varieties but also with the 

stage of growth process and other conditions such as germination, flowering, 

and maturing even among the same variety. For major processes of a crop’s 

growth, photosynthesis also plays an important role, which includes leaf 

forming, carbohydrate production, flowering, pollination, and fruition. 

When temperature rises, the speed with which rice grows toward maturity 

increases such that the growth period is shortened. The result is a loss of productivity. 

Decreased production has also been found to be caused by lowered fertilization rates 

at high temperatures, reductions in respiration due to high temperature at night and 

the shortened ripening stage. All of which are due to global warming. Quality is also 

reduced as a temperature rise during the ripening stage not only reduces the grain 

weight but also increases the protein content, resulting in a degradation of rice quality. 

Cultivated in the tropical to the temperate climate zones, rice normally withstands 

high temperature. However, different stages in its growth see rice affected in 

different ways by high temperatures. During the flowering and ripening stages, rice is 

especially susceptible to high temperatures. If temperature rises above 35 ºC during 

the flowering period, it becomes difficult for rice to pollinate and if the night-time 

temperature is high during the ripening stage after fertilization, the rice grain 

becomes smaller, resulting in yield decreases. In addition, the ideal temperature for 

rice photosynthesis is a relatively wide range of temperatures between 20~30 ºC. 

While rice can photosynthesize at temperatures as low as 10 ºC, its leaves stop 

growing at 10 ºC or below and Rice will not fertilize properly at the temperature 

lower than 20 ºC, resulting in cold damage such as a decrease in yield.  
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3.2. Diagnosis of Productivity of Each Crop14 
 

 

Change in crop yield is affected by many factors, including cultivation technology 

and political factors in addition to climatic elements. The yield, the index for 

productivity of major grains, has significantly changed over time <Figure 3-5>.  

Statistically, the rice yield (kg/10a) was 430~450kg in the 1970s but had 

continuously increased in the 2000s to 500~510kg. In 1980, it was 288kg, an 

approximately 36% decrease from the previous year due to cold damage. The highest 

level was recorded in 2009, at 534kg, owing to a favorable harvest. However, in 

2012, it was down to 473kg, a 4.6% decrease from the previous year’s 496kg. This 

seems to be the result of an increase in the percentage of empty grains due to white 

head damage brought on by typhoons in August (Bolaven, Tembin). The end of 

August is the earing and early ripening season, in Jeonnam, Jeonbuk, Chungnam 

regions. In other regions the reductions were due to wind and flood damage alone 

(Statistics Korea, 2012).  

Summing up various factors, the future rice yield is expected to stay at the 

500~520kg level assuming no damage from extreme weather, with a chance of a 

slight decrease from past levels rather than for a continuous increasing trend.  

The barley yield (kg/10a) has been kept at the 280~300kg level since the mid-

1990s with year-to-year fluctuations. The yield in 1998 and 2010 fell below previous 

yearly average by 30% to 200kg due to damage from cold-weather and damp. The 

yield is expected to remain at the 300kg level assuming no damage from extreme 

weather.  

Soybean yield (kg/10a) has fluctuated greatly between 150~190kg since the mid-

1990s. The yield went as low as 130kg in bad harvests and as high as 190kg in good 

harvests. For a considerable period, a level of 170~190kg has been maintained. 

However, experts suggest that yields can be increased from those attainable using the 

current level of technology up to to the level of 200kg. 

                                                                          
14 Note that the diagnosis of changes in the crop productivity due to climate change is based on the 

information collected through in-depth interviews with the experts from the Climate Change & 
Agroecology Division of National Academy of Agricultural Science, from the Rice and Barley 
Division of National Institute of Crop Science, and academic institutes (Seoul National University and 
Jeonnam National University), as most researches about the relationship between temperature change 
and cultivation time were partial and fragmented for each variety.  
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The wheat yield (kg/10a) has remained steady at 330~380kg since the mid-1990s, 

with yields on average being around 350kg. In 2000 when the crop was poor, the 

wheat yield fell to 255kg but in 2008 when the crop was good, it rose to 408kg. For 

the wheat yield, it is expected that the level of 360~380kg will continue for a 

considerable period into the future at the current level of technology. 

 

Figure 3-5.  Current Yield of Major Crops and Forecast 

 

Note: The current yield of each crop is calculated by the Ministry of Food, Agriculture, 

Forestry and Fisheries (2012), and the forecast is based on the opinions of the experts 

for each crop.  

  

Unit: kg/10a 
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4. Climate Change and Pest Infestation 
 

4.1.  Relationship between Climate Change and Pest 

Infestation 
 

4.1.1. Rice 

Pests that are becoming increasingly damaging as climate change progresses 

include leaf blast, sheath blight, bacterial blight, and stripe.  

Leaf blast flourishes in cool and humid conditions, mainly during the rice planting 

season (rice seedling blast), the early growing stage in the paddy field (leaf blast), 

and after earing (neck blast).15 If the blast is not controlled in a timely manner at its 

onset during the early state in the paddy field, it later leads to the infection spreading 

to the neck of the plant and from there to the rice seedling. 

Sheath blight flourishes in hot and humid conditions, mainly during July and August. 

Bacterial blight takes hold when the rice plants are immersed the water, for the 

most part during the torrential rain months from July to September.  

Stripe is caused by smaller brown plant hoppers. It had caused occasional damages 

in the past in the regions where barley was cultivated. However, when barley 

cultivation area was reduced, damage from stripe was also reduced as well. But, as 

many of the smaller brown plant hoppers coming from China spread viruses, the 

damages by stripes suddenly started to increase in the first decade of the new 

millennium, centering on the west coast; Incheon and Ganghwa.  

Other pests which cause more damage as climate change gathers pace 

include rice army worms, rice leaf rollers, smaller brown plant hoppers, and 

rice water weevils. Prior to 1990, the brown plant hoppers and the white-

backed plant hopper had been the main pests damaging rice but recently the 

damage caused by the rice leaf rollers and rice army worms flying in from 

China has been increasing. These moths usually enter from China between May 

and June but it is estimated that the frequency of entry and the number of 

moths has increased with global warming (Crop Protection Department, Rural 
                                                                          
15 For detailed information about crop pests related to rice cultivation, refer to the website of National Crop 

Pest Management System of Rural Development Administration (http://ncpms.rda.go.kr/npms/main.np). 
The paddy field in “in an early stage in the paddy field” refers to the rice paddy in which young rice plants 
are transplanted.  
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Development Administration). In one instance large numbers of rice army 

worms arrived on the west coast from China, riding the airflow of Typhoon 

Bolaven between August 28 and 29, 2012. In this way, insects may arrive in 

Korea at unusual times, swept up in the airflow of a typhoon. Smaller brown 

plant hoppers are the insects that winter in Korea usually at their fourth or fifth 

instars.16 The density of wintering smaller brown plant hoppers increases as 

winter temperatures increase. As they breed usually on barley, they mostly 

infested areas where barley was cultivated. Due to recent global warming, the 

hoppers are flying in from China in increasing numbers between the end of 

May and early June. The rice water weevils are foreign pests that have settled 

into Korea and become native pests. They winter on hard grasses and crops in 

the mountain areas. They migrate to rice fields in late May and stay on the rice 

until harvest time before returning to the mountainous areas. Their numbers are 

inversely related to low temperature in winter, thus as winters become milder 

due to global warming their numbers increase. 

Generally, blights occur under cold and humid conditions and insect damage 

occurs in hot and dry conditions. All the blights winter in Korea, and as the 

Earth becomes warmer, more spores are surviving the winter to infect crops. As 

for the insects, smaller brown plant hoppers and rice water weevils winter in 

Korea, and as winters become milder due to global warming, they are surviving 

to spring in greater numbers. Therefore, it is estimated that the higher the 

lowest winter temperature is and the higher summer and autumn temperatures 

are the greater will be damage from insects will be. It is also expected that that 

the higher the lowest winter temperature is and the more torrential rains there 

are in winter and autumn, the worse blights will be.  

 

4.1.2. Barley  

The disease that infests barley is scab, which proliferates in the southern districts in 

warm moist conditions during harvest time. Infection begins during the earing season. 

Scab infection is characterized by a change of ear color; first to brown at the onset 

and then later with the formation of pink conidia.17 When ears begin to emerge, the 

                                                                          
16 Smaller plant hoppers have the growth periods from the first instar to the fifth instar, and winter usually 

during the 4th and 5th instars. The instar refers to the period between the molting from larvae to the 
next molting.  

17 Refers to coniodiogenous diseases that occur tightly. 
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infected ears look as if they have been bleached or bear unhealthy grains. Either that 

or they do not bear grains at all. Right after sowing or during the seedling stage, scab 

may cause the seed or root rot. Infection rate of ears increases when rainfall is 

prolonged. Therefore, it is expected that rising temperatures precipitation, brought on 

by climate change, will result in more damages by scab.  

 

4.1.3. Legumes 

In legumes, bacterial diseases such as as fire blight may break out during the rainy 

season. The bacterial disease breaks out as leaves are expanding and lasts until 

September. The bacteria spreads in conditions where raindrops fall on the leaves and 

thus increases as torrential rains become more frequent. Additionally, there is anthrax 

that flourishes in hot and humid conditions and mummy disease that causes pods to 

dry up. 

Riportus Clavatus, which flourishes in hot and dry conditions, consumes legume 

pods starting from late July and early August and continuing until October. It causes 

damages to sprouts in late June, when it is hot and dry, by sucking them dry. 

Tobacco cutworms, which are active in hot and dry conditions, damage legumes by 

eating the leaves from late June to October. Riptortus Clavatus, aphids and tobacco 

cutworms all overwinter in Korea. Thus it is very likely that their survival rates and 

thus their ability to infect another year’s crops would increase during periods of 

global warming.  

 

 

4.2. Climate Change and Blight and Pest Infestation 
 

With the help of the Disaster Response Division of Rural Development 

Administration, we analyzed the information about the rice pest infested areas in 

each region from 1991 to 2011. Rice pests include ear blast, sheath blight, bacterial 

leaf blight, stripes, rice leaf rollers, white-backed plant hoppers, brown plant hoppers, 

smaller brown plant hoppers, and rice water weevils. Overall, the area infested by 

rice blights and pests in each year had rapidly decreased from 1,604,656 ha in 1991 

to 477,239 ha in 2002, then jumped dramatically to 1,000,660 ha in 2003 before 

falling year on year to 280,862 ha in 2011 <Figure 3-6>. 
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Of the different pests sheath blight appeared to infest the widest area, accounting 

for 34.0% of the blight and pest infestation in 1991. Though the level of infestation 

dropped to one fifth of the 1991 levels by 2011, sheath blight still accounted for it 

still accounted for 38.5% of the total blight and pest infested area in 2011. In general, 

the rice pest infested area appears to be on the decrease, with the decrease in the 

incidence of sheath blight, white-backed plant hoppers and rice water weevils being 

especially pronounced.  

For the rice blast, the infested area peaked at 148,592 ha in 1993 and then 

drastically fell to 28,484 ha the next year. In following years, the incidence of 

infection alternated between increases and decreases. However, since 2006, the 

incidence has been dropping; down to 10,300 ha in 2010 and then to 7,926 ha in 

2011. Regionally, the incidence of rice blast is greatest in Jeonbuk, Jeonnam and 

Gyeongbuk.  

Sheath blight had steadily decreased for the last 20 years except for the years 1994, 

2004, and 2010. It decreased by more than 80% from 541,547 ha in 1991 to 107,638 

ha in 2011. The incidence of sheath blight is greatest in the Chungnam, Jeonnam and 

Gyeongbuk regions. 

 

Figure 3-6.  Trend of Changes in the Areas with Rice Pests by Pest Species 

Source: Internal Data, Disaster Response Division, Rural Development Administration 
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On the other hand, the incidence of stripes, bacterial leaf blight and ear blasts 

damage still shows an increasing trend. In the case of stripes and bacterial leaf blights, 

small lesions appear on leaves during the early stages of their growth if allowed to 

progress further, the rice eventually withers. All three are the main cause of yield 

decrease and the quality degradation, they infest frequently in late spring and summer 

with much rain, hot temperature and typhoons. 

In comparison to other blights and pests, stripe infested a relatively smaller area. 

Indeed, there was a low incidence of infection for a ten year period from 1991 to 

2000. However, the incidence increased abruptly to 5,124 ha in 2001 before falling 

year on year to 442 ha in 2006. However, the trend reversed itself showing an 

increase in incidence to 12,030 ha in 2007 and to 21,420 ha in 2009 <Figure 3-7>.  

 

Figure 3-7.  Trend of Changes in the Areas with Stripes 

 

Source: Internal Data, Disaster Response Division of Rural Development Administration 

 

For the bacterial blight, the trend has been for the infested area to increase, 

with a sudden increase in 2001 in particular. In 2005 and 2006, the area 

infected peaked at 27,479 ha and 27,957 ha respectively <Figure 3-8>. 

Regionally, the largest areas of infection were in Jeonnam.  

  

Unit: ha 
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Figure 3-8.  Trend of Changes in the Areas with Bacterial Bright 

 
Source: Internal Data, Disaster Response Division of Rural Development Administration 

 

 

4.3. Analytical Models and Data 
 

The factors affecting the observation patch area damaged by major rice 

blight and pests were analyzed using the panel model. The panel analysis 

model has the advantage of controlling both the estimation errors occurring 

in a time series and those occurring in regional data, making a realistic 

analysis possible. The analysis model can be represented as a general linear 

model as follows. 

 

 (1)

 

provided that i (region) = 1, 2, ..., N, t (year) = 1.2, ... T 

 

  where, i = cross-sectional observation, t = time variable, Y = dependent 

variable, X = explanation variable, and u = disturbance term, which is 

divided into unobservable trans-effect (ai) and remainder disturbance term 

Unit: ha 
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(є). Depending on the type of error term, the panel analysis model can be 

divided into a fixed effect model and probability effect model. As assuming 

that there is no correlation between the disturbance term and the independent 

variables and the missing variables have fixed values, the fixed effect model 

uses the variable least squares method as the parameter estimation method. 

On the other hand, the probability effect model considers ai as a random 

variable, rather than a fixed constant. ai is assumed to be mutually 

independent and also independent from the error term (є). When expressed in 

equations, these assumptions are as follows: 

 

 (2)

 

 

 

For all i,j,t,s, ; 

When i = j,t = s for all i,j,t,s,  or = 0; and 

When i = j,t = s for all i,j,t,s,  or = 0. 

 

From the assumptions of <Equation 1> and <Equation 2>, the following 

equation can be drawn. 

 

  (3)

 

 for all t and s provided that i ≠ j. 

 

When a complete estimation equation is converted into a determinant 

based on the above assumptions, it is as follows: 

 

 (4)

provided that  
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where i = 1, 2, …, N 

 

The estimation equation has a set of variables such as technology, temperature, 

sunshine hours, and precipitation.18 Also, the fixed effect model was used, which 

assumes that there is no correlation between the disturbing term and the 

independent variable and the missing variables have fixed values.  

 

 (5) 

Provided that, i = 1, 2, …, 8, t = 1991, 1981, …, 2011 

 

where, ACR: Area damaged by rice blights and pests; TEC: Time (technology) 

variable; HTFEB: Average temperature in February; LTJUN: Lowest temperature 

in June; SJUL: Sunshine hours in July; RI30JUL: No. of days in July during which 

daily average of precipitation is 30 mm For the panel model analysis, the Rural 

Development Administration’s internal data about the areas damaged by leaf 

blast (LB), sheath blight (SB), stripes (STR), rice leaf rollers (RLR), and rice 

water weevils (RWW) were used. The data period used was generally twenty-

one years from the beginning of 1991 to the end of 2011 for each region. 

Thedata period for the stripes was eight years from 2004 to 2011 for Jeonbuk, 

Jeonnam, Gyeongbuk and Gyeongnam, for which data was available. The 

meteorological data used was from the representative cities of each province, 

being Suwon, Chuncheon, Cheongju, Daejeon, Jeonju, Gwangju, Daegu, and 

Busan. The number of days of heavy rains in July, with heavy rain being defined 

as days with precipitation of 30 mm or more, was based on the Korea 

Meteorological Administration (KMA)’s data. Data on monthly precipitation, 

hours of sunshine and monthly temperature was also taken from the KMA’s 

data.  

In terms of pests sheathe blight damaged the greatest area; 23,180 ha. Area 

damage from other pests were as follows rice leaf rollers 11,504 ha, rice water 

weevils 10,158 ha, rice blast disease 5,778 ha, and stripes 3,980 ha. The highest 

                                                                          
18

 In KASMO, it is practically impossible to model the impact of blights and pests. So, for analysis, a 
separate response function for the area damaged by blights and pests is used.  
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temperature in February was 7.5 ºC; the lowest temperature in June was 17.9 ºC. 

Precipitation in July was 151.9mm; the number sunshine hours in July was 142 

hours; and the number of days with precipitation of 30mm or more in July was 3.5 

<Table 3-4>.  

 
 

 Table 3-4.  Basic Statistics of Rice Pests in Each Province 

Region 
LB 

(ha) 

SB 

(ha) 
STR 

RLR 

(ha) 

RWW 

(ha) 
TEC 

HTFEB 

(ºC) 

LTJUN 

(ºC) 

RJUN 

(mm) 

SJUL 

(hrs/m) 

RI30JUL 

(days) 

Gyeonggi 
M 4,817 37,521 - 10,377 14,534 11.0 5.5 17.7 - 132.8 4.4 

SD 5,041 23,061 - 10,277 13,146 6.2 1.7 0.9 - 34.4 2.1 

Gangwon 
M 3,556 12,815 - 3,623 4,337 11.0 5.6 16.6 - 138.8 4.0 

SD 2,517 5,053 - 3,796 2,591 6.2 1.7 0.9 - 37.1 2.0 

Chungbuk 
M 2,788 17,799 - 5,568 6,282 11.0 6.6 18.0 - 143.5 3.4 

SD 2,385 12,031 - 5,050 3,845 6.2 1.8 0.9 - 47.6 2.1 

Chungnam 
M 6,333 49,398 - 15,553 12,493 11.0 7.0 17.7 - 145.9 3.4 

SD 4,996 24,406 - 14,335 9,750 6.2 1.8 0.8 - 49.4 2.0 

Jeonbuk 
M 5,458 31,268 5,498 6,178 5,966 11.0 7.4 18.0 148.7 131.5 3.6 

SD 5,470 14,956 3,127 4,145 3,907 6.2 1.7 0.8 88.1 43.0 2.1 

Jeonnam 
M 9,029 54,354 6,869 20,893 10,822 11.0 8.3 18.5 157.8 137.2 3.4 

SD 7,891 28,911 4,810 16,743 6,433 6.2 1.9 0.7 75.2 47.8 1.6 

Gyeongbuk 
M 11,491 47,241 1,079 14,764 20,806 11.0 8.9 18.6 136.6 146.1 2.4 

SD 5,680 17,535 755 11,421 12,077 6.2 1.7 1.0 82.9 49.6 2.2 

Gyeongnam 
M 7,132 35,818 2,260 15,233 15,052 11.0 10.3 18.1 164.5 160.6 3.7 

SD 5,585 14,460 1,397 7,560 11,689 6.2 1.5 0.7 50.9 52.7 2.4 

Total 
M 6,326 35,777 3,980 11,524 11,282 22 7.5 17.9 151.9 142 3.5 

SD 5,778 23,180 3,739 11,504 10,158 6.1 2.3 1 72.7 45.5 2.1 

Note: 1) LB stands for leaf blast, SB sheath blight, STR stripe, RLR rice leaf roller, and RWW rice 
water weevil. 

2) M stands for mean value, and SD standard deviation.  
Source: Internal Data, Disaster Response Division of Rural Development Administration, National 

Meteorological Agency 
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4.4. Analytical Results 
 

Analysis of the observation patches with regards to the factors of damages 

by major rice blights and pests showed in Table 3-5. The elasticities of major 

parameters are drawn from this Table. The elasticity for the number of days 

with heavy rains in July in relation to the area damaged by leaf blast was 0.267 

<Table 3-6>. This means that, if the number of days with heavy rain increased 

by 10%, the area damaged by leaf blast would increase by 2.7%. In the early 

growth stage of the paddy field, leaf blast infestation is exacerbated by cold and 

humid conditions. Thus, it appears that the estimation results properly reflect 

reality. The previous period’s value for sunshine hours in July in relation to the 

area damaged by sheath blight was -0.331, which means that, if the sunshine 

hours in July decreased by 10%, the area damaged by sheath blight would 

increase by 3.3%. As the sheath blight infestation is exacerbated by hot and 

humid conditions during July and August, it appears that the estimation result 

reflects reality well. The elasticity value for precipitation in July in relation to 

the area damaged by stripes was 0.627, which means that, if the precipitation in 

July increased by 10%, the area damaged by stripes would increase by 6.3%. 

As stripe is caused by smaller brown plant hoppers flying in from China in July 

and infestations are exacerbated by humid conditions, it appears that the 

estimation results reflect reality. The elasticity value for the lowest temperature 

in July in relation to the area damaged by rice leaf rollers was 3.409. This 

means that, if the lowest temperature in June rises by 10%, the area damaged 

by rice leaf rollers would increase by 34.1%. It seems that this estimation result 

reflects the reality, as rice leaf rollers fly in from China in June and their 

survival rate increases as temperatures increase. The elasticity value for the 

highest temperature in February in relation to the area damaged by rice water 

weevils was 0.496. This means that, if the highest temperature in February rises 

by 10%, the area damaged by rice water weevils would increase by 5.0%. The 

rice water weevils’ rate of survival as they overwinter affects their density and 

thus is also inversely proportional to low temperatures. Therefore, the 

estimation result appears to representing reality.  

With regard to the effect of technical advances on pest control and the 

incidence of rice blight and, the elasticity values for technology change were 

significantly estimated to be -1.250 for leaf blast, -1.162 for sheath blight, -
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0.114 for stripes, -0.837 for rice leaf rollers, and -0.501 for rice water weevils. 

This result can be interpreted as the continuous development of pest control 

technologies and fertilizers for rice farming has had the effect of reducing the 

area damaged by blights and pests.  

The elasticity value for the previous year’s damage area in relation to the 

current year’s damage area were significantly estimated to be 0.254 for leaf 

blast, 0.544 for sheath blight, 0.544 for stripes, 0.248 for rice leaf rollers, and 

0.732 for rice water weevils. The reason why the previous year’s damage area 

was significantly estimated seems to be because the paddy fields infested by 

blights or pests in the previous year would likely be infested again as the germs 

or eggs would still remain in the fields.  

 
Table 3-5.  Observation Patch Analysis of Factors affecting the Area Damaged by 

Major Rice Blights and Pests 

 
Leaf Blast Sheath Blight Stripes 

Rice Leaf 
Rollers 

Rice Water 
Weevils 

Constant Term 
11024.700*** 

(6.153)  
70657.700*** 

(8.851)  
41.154 
(0.045)  

-20822.900 
(-1.376)  

3473.820 
(1.448)  

Previous Year’s Area 
during the Same 

Period 

0.244*** 
(3.228)  

0.527*** 
(9.984)  

0.544*** 
(5.122)  

0.238*** 
(3.299)  

0.709*** 
(14.132)  

Technology Variable 
-359.408*** 

(-5.173) 
-1889.400*** 

(-8.551) 
-15.934** 
(-2.394) 

-438.672*** 
(-3.023) 

-256.995*** 
(-2.982) 

Highest Temp.  
in February 

- - - - 
750.167*** 

(3.249)  

Lowest Temp.  
in June 

- - - 
2195.690** 

(2.498) 
- 

Precipitation  
in June 

- - 
16.429** 
(2.810) 

- - 

Sunshine Hours  
in July 

- 
-83.327*** 
(-2.787) 

- - - 

No. of Days with 
Heavy Rain in 7 July 

475.469** 
(2.188) 

- - 0.11 0.57 

Adj-R2 0.19 0.62 0.60 0.11 0.57 

Chi_sq 37.42 164.32 52.64 168(1991-’11) 168(1991-’11) 

No. of Samples 168(1991-’11) 168(1991-’11) 30(1998-’11) 168(1991-’11) 30(1998-’11) 

Note: 1) ***, **, * are statistically significant as the significance levels of 1%, 5% and 10% 
respectively. 

2) ( ) means t-value.  
3) ‘–’ in each item represents that the item is not considered as a major variable as it has 

insignificant effect on the corresponding blight or pest infestation.  
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Table 3-6.  Calculation of Elasticities for Observation Patch Analysis of Factors 

Affecting the Area Damaged by Major Rice Blights and Pests 

 
Leaf Blast 

Sheath 
Blight 

Stripes 
Rice Leaf 
Rollers 

Rice Water 
Weevils 

Previous Year’s Area* 0.254 0.544 0.544 0.248 0.732 

Technology Variable -1.250 -1.162 -0.114 -0.837 -0.501 

Highest Temp. in February - - - - 0.496  

Lowest Temp. in June - - - 3.409  - 

Precipitation in June - - 0.627  - - 

Sunshine Hours in July - -0.331  - - - 

No. of Days with Heavy Rain 
in 7 July 

0.267  - - - - 

Note: The elasticity value is calculated by dividing the mean value of variables by the 
cultivation area and then multiplying them with the coefficient value. 

 

 

4.5. Implications 
 

As climate change continues and winter temperatures rise, the incidence of 

heavy rainfall days will increase, it is expected that the June temperatures will 

also increase. This will have the effect of increasing the area damaged by rice 

blights and pests. As rice blast diseases, sheath blight, stripes, rice leaf rollers 

and rice water weevils are expected to proliferate with climate change, it is 

necessary to establish measures to monitor these blights and pests and prevent 

damage from them.  

Due to climate change, known blights and pests will occur at unpredictable 

times and unknown blights or pests will occur suddenly. Therefore, there is a need 

to identify the causes of these sudden blights and pests and develop strategies to 

cope with them. For example, it is necessary to establish systematic measures to 

prevent stripes caused by smaller brown plant hoppers from China. 
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The results of analyzing the causes of damage by the blights and pests clearly 

indicate that technological advances have a positive effect; therefore it is necessary 

to further improve crop protection technologies. In particular, it is necessary to 

develop the technology to prevent damage by means of forecasting as opposed to 

spraying insecticide. Given that it is expected that the area damaged by rice blights 

and pests will increase with climate change, increasing investment in the research 

and development of technologies to cope with those blights and pests will 

contribute to minimizing their damage. Furthermore, there is a need to strengthen 

the international cooperation in the fight against blights and pests. One necessary 

step will be to prepare against blights and pests by establishing a faster and more 

accurate forecasting system for foreign pests, through investments in international 

collaborative research with China, Vietnam, and Cambodia as well as in domestic 

research.  



 

 

Impacts of Climate Change on Food Supply Chapter 4 

 

 

 

 
Before we can establish a stable food supply system in response to climate 

change, we first need a more accurate understanding on what impacts climate 

change has on food supply. In Chapter 4, an empirical analysis of the impacts 

of climate change on food supply is discussed in two parts. The first part 

presents a conceptual framework of the climate change impact on food supply 

and the second part deals with its impacts on domestic agricultural production 

and foreign imports. With regards to the analysis of the climate change impacts 

on food supply, the cases of the United States, Europe and Japan are examined 

and a model that integrates the crop growth model used for this study and the 

farming simulation model is then proposed. The actual impacts of climate 

change on the food supply, covering the domestic production and the overseas 

imports, are predicted based on the baseline (assuming that the current trend 

continues), the existing climate change scenarios and new RCP climate change 

scenarios. For the analysis of climate change impacts on the international grain 

market, price flexibility coefficients are estimated to determine to what extent 

climate change will affect grain production by major countries and the knock 

on effect on international grain prices. In order to present effective policy 

measures to develop a stable food supply system in response to climate change, 

the results of survey for farmers’ awareness and their reactions to climate 

change are presented.  
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1. Analysis of Climate Change Impact on Food 

Production 
 

 

1.1. Approaches to Food Supply Analysis  
 

Climate change is accompanied by rising temperature rises; increasing 

precipitation, including heavy rain and snowfalls, a lack of sunshine and 

increasingly frequent unusual weather phenomena. Such climate change 

adversely affects both domestic agricultural production and the production of 

major grain exporters. Climate change and food production are interrelated 

processes, both of which take place on global scale. Food production 

encompasses crops, livestock and fish productions. These are products that are 

obtained through agriculture and animal raising, including fish, for food. In this 

report, food is focused on crop sector. Production production is particularly 

sensitive to climate change, because crop yields depend in large part of 

prevailing climate conditions (temperature and rainfall patterns). Other ways in 

which climate change affects agriculture include the CO2 fertilizer effect, the 

shifting locations of regions suitable for cultivation, decreasing crop yields, a 

degradation of crop quality and an the increase in foreign pest damage.19     

Though varying with regions and latitudes, climate change affects the 

agricultural production in many countries, including the major grain exporters, 

which has direct impact on Korea’s food imports as shown in Figure 4-1.20  

  

                                                                          
19 Climate can affect agriculture in a variety of ways. Temperature, radiation, rainfall, soil moisture and 

carbon dioxide (CO2) concentration are all important variables to determine agricultural productivity, 
and their relationships are not simply linear. The term 'carbon dioxide fertilization' as it applies to the 
area of the environment can be defined as 'the enhancement of the growth of plants as a result of 
increased atmospheric CO2 concentration. Depending on their mechanism of photosynthesis, certain 
types of plants are more sensitive to changes in atmospheric CO2 concentration (Kim, et al., 2009). 

20 Impacts of climate change, both positive and negative, are presented at a global level, as well as by 
region. The Stern Review mentioned the impact of climate change on world food production. In 
tropical regions, even small amount of warming will lead to declines in yield. In higher latidues, crop 
yields may increase initially for moderate increases in temperatute but then fall. Higher temperatures 
will lead to substantial declines in cereal production around the world (Stern, 2007, pp.79-80). The 
impacts of climate change on food production depend crucially on the size of the CO2 fertilizer effect 
since it is a basic building block for crop growth 
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Figure 4-1.  System for Analysis of Climate Change and Food Supply 

(Conceptual Diagram) 

 

 
 

 

1.2.  Review of Models for Analysis of Climate Change and 

Food Supply  

 

1.2.1.  Analysis Model for Climate Change Impact on the US 
Agricultural Sector  

Research to develop a model for analyzing the climate change impacts on the 

US agricultural sector has been carried out by the Agricultural Model 

Intercomparison and Improvement Project (AgMIP) of Oregon State University. 

The objective of AgMIP is to integrate the impact analysis model and the 
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global agricultural trade model. The fusion of both models will provide is a 

comprehensive model associated with climate change scenarios, the crop model 

and the agricultural economy model <Figure 4-2>. It will permit the analysis of 

climate change impacts on the demand and supply of agricultural products in 

major countries, taking into account the differences in climate change impacts 

among  regions. It will also allow the effectiveness of adaptation policy 

measures to be analyzed. In particular, the results of analysis using this model 

can be used for various purposes such as impact analysis, vulnerability 

assessment and analysis of the effects of adaptation measures.  

 

Figure 4-2.  Components of AgMIP and Expected Results 

 

Source: US Oregon State University Research Group, AgMIP (www.agmip.org/). 
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1.2.2.  Analysis Model for Climate Change Impact on the Europe’s 
Agricultural Sector  

The Modeling European Agriculture with Climate Change for Food Security 

(MACSUR) is comprised of three parts – crops, livestock and trade – and 

covers the agricultural economy and trade in 16 European countries <Figure 4-

3>. In particular, food demand, constraints and environmental change factors 

are taken into consideration using the Modular Applied General Equilibrium 

Tool (MAGNET)., to ensure food security through in-depth analysis of the 

climate change impacts on the agricultural sector by 2030.  

 

Figure 4-3.  Modeling European Agriculture with Climate Change for Food Security 

(MACSUR) 

 

Source: EU MACSUR Research Group (www.macsur.eu/). 
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1.2.3.  Analysis Model for the Impacts of Global Warming in Japan on 
the World’s Food Market 

The International Food and Agricultural Policy Simulation Model (IFPSIM)  was 

developed by the Japan International Research Center for Agricultural Sciences who 

have used it to associate IPCC climate change scenarios with crop cultivation within 

a model that integrates the agricultural impacts of climate change with food supply 

and demand y based on the CERES-Wheat and EPIC model <Figure 4-4>. The 

advantage of this integrated model is that it can analyze the impact of climate change 

on the agricultural sector and on the international food market simultaneously. 

 

Figure 4-4.  Basic Structure of International Food and Agricultural Policy 

Simulation Model (IFPSIM) 

Source: Furuya, Kobayashi and Meyer (2009). 

 

1.2.4.  Economic Impact Analysis Model for the Agricultural, Fisheries, 

and Forestry Sectors of Japan 

In order to assess the economic impacts of climate change on its agricultural, 

fisheries and forestry sectors, Japan organized a consortium under the auspices of the 

Agricultural Institute of Environmental Technology and with the participation from 

research institutions and academia. The consortium was tasked with carrying out this 

research, as a part of the “Global Warming 2010” project, a 5-year project beginning 
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2010 to 2014 to “develop adaptation and mitigation technologies for global warming 

in the agricultural, fisheries and forestry sectors <Figure 4-5>. 

The economic model for the agriculture and food sector is a general balance model 

that associates climate change with the world’s food model before applying dynamic 

theory. Also the association with the consumer selection behaviour model and the 

regional agricultural production model permits this model to analyze the economic 

impacts of climate change on domestic agriculture, food supply and demand and 

adaptation technology. Since 2011, new climate change scenarios have been applied 

to the simulation analysis on the economic impacts of climate change.  

Japan invests considerable effort into developing a food demand and supply model 

that makes it possible to predict long-term impacts of global warming. As a mid-to 

long-term task, Japan has also been promoting other research to analyze the impacts 

of Japan’s mitigation and adaptation policies on the industry of other countries. 

 

Figure 4-5.  Basic Structure of the Model for Climate Change Impacts on Japan’s 

Agricultural and Food Sector 

Source: Japanese Institute of Agriculture, Forestry and Environment 

(http://gpro.dc.affrc.go.jp/project2010_7.html). 
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1.2.5. Korea’s CERES-Rice and ORYZA Models 

Korea’s representative weather-crop integration models are the CERES model and 

the climate change optimization model. The CERES-rice model predicts the growth 

and yield of rice, using such parameters as weather, soil and crop variety along with 

cultivation information. This model is largely divided three parts, being a phenology 

sub-model to predict the growth stage of rice, a growth sub-model to simulate the dry 

matter production of rice and its consequent distribution each of organs of the rice 

plant, and finally a nitrogen-moisture dynamic sub-model that deals with nitrogen 

and its supply <Figure 4-6>. The CERES-Rice model, and its three constituent sub-

models is widely used, as a mid- to long-term prediction model for rice production 

(depending on climate change) for the period  2030~2100 (Kim Chang-gil, et al., 

2009). 

 

Figure 4-6.  Conceptual Diagram for CERES-Rice Model 

Note: The current CERES-Rice model estimates the change in rice and barley yields due to 

climate change. 

Source: Kim Chang-gil, et al. (2009). 
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In order to analyze the impact of climate change adaptation measures, 

ORYZA2000 is used. ORYZA2000 is a rice growth model developed in the year 

2000 by the International Rice Research Institute and Wageningen University in the 

Netherland to analyze the impact of adaptation measures. The rice growth simulation 

environment in ORYZA2000 consists of three conditions. The first condition is the 

potential productivity condition, which combines weather data (such as light, 

temperature and CO2) with variety features (such as growth type and physiological 

processes (variety parameter) to decide maximum potential crop growth.  

The second condition is the reachable productivity condition. With regards to the 

potential yield, the reachable growth is determined by adding such constraints as 

moisture and nutrients.  

The third condition is the actual productivity condition. In the actual condition, rice 

growth is further inhibited by such constraints as weeds, blight and pest.  

Currently ORYZA2000 carries out growth simulation under the reachable 

productivity condition in which potential productivity conditions and nitric fertilizers 

and moisture are limited. This assumes that all constraints like weeds, blight and pest 

are completely controlled.  

 

 

1.3  Analysis of Impacts on the Production and Supply of 

Major Grains  
 

1.3.1. Overview of Analysis Model 

In order to analyze the climate change impacts on food supply, the Simulation 

Model for Climate-Agriculture Relations (SIMCAR) was developed. This model 

combines the yield change in the crop growth model and the Korea Rural Economy 

Institute – Korea Agriculture Simulation Model (KREI-KASMO, hereafter referred 

to as ‘KASMO’) <Figure 4-7>. 
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Figure 4-7.  Climate Change and Food Supply Analysis Model 

 

  

The impacts of climate change on food supply were analyzed by reflecting 

changes in yield predicted based on IPCC climate change scenarios in the yield 

estimates by KASMO. The subjects of analysis were limited to Korea’s major grains 

such as rice, barley and soybeans, for the target years of 2020, 2030, and 2050, with 

2050 being the final target year. In this study, the results obtained by exogenously 

applying the yield estimates of CERES with climate change factors to KASMO, 

using the KASMO simulation, were compared to the baseline of KASMO without 

climate change factors.  

In addition, the yield prediction mode, developed in 2011, was used in order to 

examine the impacts of meteorological factors on the yield of grain (Han, et al., 

2011a). To analyze the impacts of climate change on food supply, the yield 

prediction model and KASMO were used together in a simulation test. In this 

simulation, climate change factors were applied to the yield prediction model to 

estimate the yield and subsequently the yield was applied to KASMO.21  

The developed grain yield prediction model used the panel analysis method based 

on the municipal- or town-unit data instead of the national aggregate data, and used 

the fixed effect model and the two-way (cross-section, time series) method as well. 

 

                                                                          
21 For more information about KASMO, refer to the report by Han, et al. (2011b). 
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The relationship between the crop production and the meteorological factors was 

determined using a quadratic function with poles in a nonlinear equation, instead of a 

simple linear equation.22 The optimal point of the yield was estimated statistically, 

based on which an equation was constructed in which the yield increases until the 

optimal point and then decreases after. In addition, the stochastic estimation method 

was introduced. Several weather scenarios were prepared based on the KMA’s 

weather forecasts, and then applied to the yield prediction model so as to predict a 

yield for each scenario and estimate the yield distribution. For rice, the yield 

estimation equation is as follows: 

 

 (6) 

 

where, YD is the yield, temp-sun is the effective accumulative temperature, temp is 

average temperature, d-range is daily temperature difference, and sun is sunshine 

hours. By adding a quadratic secondary term temp2, the nonlinear relationship 

between average temperature and yield was taken into consideration. 

In order to analyze the changes caused by climate change in food supply such as 

cultivation area, yields and import, KREI-KASMO a model developed and  

operated by the Korea Rural Economy Institute, was used. KASMO consists of six 

                                                                          
22 The form of the function between crop production and climatic factors was selected as a quadratic 

function in which the crop production increases as temperature rises and then decreases after a certain 
level, reflecting the results of the interviews with the experts in crop fields from Rural Development 
Administration. The statistical verification of the selection of the optimal function was not taken into 
consideration in this study (Han, et al. 2011a) 

Optimal Temperature for Crop 
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prediction components: a major macroeconomic variables prediction component,  

an input material price prediction component, a cultivation sector prediction 

component, a livestock sector prediction component, a farming population prediction 

component, and aggregate prediction component, each of which is cross-related to 

one another <Figure 4-8>. 

The major macroeconomic variables component was intended to forecast real 

GDP and per capita disposable income. The economic growth rate, consumer price 

inflation, interest rates, currency exchange rates, consumer price index and producer 

price index, all of which were required for forecasting, were the projections made by 

the related organizations such as the Bank of Korea, Statistics Korea, OECD, and 

Global Insight Inc. For the international oil prices, the projections in the Annual 

Energy Outlook by the Energy Information Administration (EIA) of the United  

 
Figure 4-8.  Flowchart of KASMO Model 

Source: Han, et al. (2011a) 
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States were used. For the domestic population, population projections by Statistics 

Korea were used. In addition, for the international grain prices and livestock prices, 

the projections by the Food and Agricultural Policy Research Institute (FAPRI) were 

used. 

The input materials price prediction component was intended to forecast farm 

equipment prices, feed costs, farming utilities, seed costs, fertilizer costs, pesticide 

costs, other materials costs, agricultural wages, and farmland rents. Of these, farm 

equipment prices, feed costs, farming utilities, seed costs, fertilizer costs, pesticide 

costs, and other materials costs were set to be forecasted based on the previously 

forecast macroeconomic variables, while the agricultural wages and farmland rents 

were set to be forecast in relation to both macroeconomic variables as well as crop 

variables within the cultivation sector. Crop sector consists of an acreage function, a 

yield function, a demand function, an import demand function, and a supply and 

demand equation. This would permit supply and demand and the equilibrium price to 

be derived for each item. In addition, the cultivation component is also subdivided 

into summer-grown crops, fruit tree crops, winter-grown crops, with summer-grown 

crops and the winter-grown crops configured as simultaneous equations system to 

reflect the trade-off in producers’ crop selection. 

For this study, sub-models of KASMO model were modified to meet the purposes 

of this research. The analysis model took the form of a simultaneous equations model 

that obtains the equilibrium price basically when the total demand matches the total 

supply.  

The total demand consists of food consumption, processed consumption, seed 

consumption, decrease and others, exports, and ending inventory. The food 

consumption and the processed consumption are affected by the macroeconomic 

variables, and the seed consumption depends on the acreage during the t+1 period 

while the ending inventory depends on the demand and supply of the year including 

prices, productions and imports.  

The total supply consists of productions, imports and carry-forward inventories. 

The production can be expressed as the product of yield times acreage, and the 

acreage is affected by the prices of production substitutes, equilibrium prices, 

operating costs, and government policies during the t-1 period. The imports are 

affected by the domestic prices, international prices, tariffs, and TRQ, while the 

carry-forward inventory depends on the ending inventory. 
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The acreage function  is a dynamic acreage response function, which can 

be set using Cagan’s adaptive expectations hypothesis model based on Nerlove’s 

partial adjustment model and Koyck’s geometric distribution lag model. Major 

explanatory variables used in the model were the acreage of the previous period 

, the expected net income  
                 

  	      ×    	      

         	      
 	, and 

the expected net income of the production substitutes 

 
          	      ×    	      

         	      
 . The expected net income is calculated by 

multiplying the sum of the policy subsidy and the previous period’s price by the 

expected yield and then dividing the product by the operating costs, based on the 

adaptive expectations hypothesis. Operating cost is one of the important factors that 

affects a farmer’s willingness to produce, and the production cost affects the 

decision-making with regards to the acreage devoted to a certain crop or the choice 

of the livestock breed to be farmed. In this study, the operating cost was set by 

calculating the ratio of each input material to the operating cost. As for the ratio, the 

past three years’ input material ratios of each element were used. The reason why this 

method was used was because the operating costs had to be developed with the input 

materials for each element as explanatory variables but that would cause the degree 

of freedom to drop too low if the regression model with many explanatory variables 

were used. One of the problems in using this method was that there was a mutual 

influence between the amounts of input materials and their prices. However, in 

comparison to the past data, there was no significant change in the ratio of each input 

material. The acreage response function is as follows:  

 

    , =       , +    
                 

  	      ×    	      

         	      
 +

   
          	      ×    	      

         	      
 +     (7) 

 

In other words, acreage could increase if price inflation exceeds the yield decrease 

rate and vice versa. Based on the above-described model, the equation for calculating 

the equilibrium price can be expressed as follows. Under the simultaneous equation 

system, the market clearing equilibrium price can be calculated when the excess 

supply (S-D) or excess demand (D-S) is zero, i.e., when the total supply and total 

demand is equal (S = D). For example, if the previous price ( ) has been set 

higher, the supply will increase. As a result, the excess supply (SD) will take a 
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positive (+) value and the new value ( ) will be set will be set lower than the 

previous price ( ) because of the negative (-) sign in front of the equilibrator. 

This cycle will iterate until the excess supply (S-D) converges to zero. 

 

 (8) 

 

where i = number of iterations (1~∞), P = price, δ = equilibrator, TS = total 

supply, and TD = total demand. 

 

1.3.2. Analysis Data and Model Setting 

A. CERES Model  

 

The meteorological factors used to estimate yield were obtained from the KMA. 

The current average-year weather during the period between 1971 and 2000 was 

used as the common year’s meteorological data for our analysis. The future average-

year weather was established for each period  forecast in the climate change 

scenarios. In order to create three types of future average-year weather corresponding 

to the future weather conditions for 56 regions, the monthly weather difference from 

the common year’s meteorological data provided by the KMA was extracted and the 

average of 30 years in each climate change scenario for the Korean peninsula 

calculated. To measure the change in CO2 concentration in the atmosphere, averages 

obtained from the Integrated Science Assessment Model (ISAM), a carbon 

circulation model suggested in the IPCC Fourth Assessment Report, and the BERN 

was used.  

Creation of the soil data for 56 growth simulation regions involved three processes: 

The first process was extracting the representative soil series information for each 

region. The second process was investigating the detailed information about the 

extracted soil series of each region. The third process was developing soil data 

suitable for the crop growth simulation. Estimating the genetic parameters needed to 

simulate growth stages and quantities required the development of input files. These 

input files would allow the growth model for the year to be simulated. They would 

also provide the observation data for growth stages as well as quantity components 

for the statistical analysis of the simulation results.  
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B. KREI-KASMO Model 

 

The acreage data and the yield data for supply estimation were obtained from 

Statistics Korea. For price estimation, the producer’s price, the wholesale price 

and the retail price indices were used. For the yield function, the municipal or 

the county level data was used and for the past meteorological values, the 

KMA data were used. The meteorological data included in the model, from 

1980 to 2011 were effective accumulated temperature, average temperature, 

sunshine hours, daily temperature difference and precipitation.  

 

1.3.3. Analysis Results 
 

The IPCC Fifth Assessment Report defines greenhouse gas concentration as the 

irradiance caused by human activities into the atmosphere. In the sense that several 

socio-economic scenarios could be assigned to one representative radiative forcing, it 

uses the term “representative”. Also, in order to emphasize the divergence over time 

in the differing greenhouse gas emission scenarios, it includes the term “pathways.” 

RCP scenarios reflect the latest trend of changes in greenhouse gas concentrations 

and serve to improve the resolution in accordance with the recent prediction models. 

In the RCP scenarios, 2.6, 4.5, 6.0, 8.5 are used as four major greenhouse gas 

concentration levels. In the process of calculating the greenhouse gas concentration, 

they changed the socio-economic assumptions depending on whether or not policies 

in response to climate change were implemented in the future social structure.  

The scenarios are named after the representative greenhouse gas concentrations: 

RCP2.6 represents a scenario in which the Earth can restore itself from the influences 

of human activities; RCP4.5 represents a scenario where greenhouse gas mitigation 

policies are considerably realized; RCP6.0 represents a scenario where only some of 

the greenhouse gas mitigation policies are realized; and RCP8.5 represents a scenario 

in which the greenhouse gases continue to be emitted at the current trend without any 

mitigation activities realized, i.e., the Business As Usual (BAU) scenario. 

The KMA Climate Change Information Center (CCIC) has prepared and provided 

the change scenarios up to the year of 2010, and has simulated the four scenarios of 

RCP2.6, RCP4.5, RCP6.0 and RCP8.5. In this study, the meteorological variables set 
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out in RCP8.5 South Korea Detail (1km)23 are used. But, as the average monthly 

temperature variable in the RCP8.5 South Korea Detail (1km) appears to fluctuates 

greatly, it is assumed in our study that the average monthly temperature would rise 

by 3.2 ºC by 2050 at a constant rate, in order to reduce the fluctuations. 

For major scenarios to estimate the yield according to CERES RICE model, the 

A2 climate change scenario family is applied. Within the A2 scenario family, two 

story lines are established with 2011 as the common year. The first one details a 

scenario in which it is assumed that the temperature of Korea would rise by 3 ºC by 

20500. Whereas, in the second scenario the assumption is that rise by 3.2 ºC by 2050 

(as assumed in the RCP8.5). Based on these temperature change scenarios, the mid- 

to long-term yields of rice, bean, and barley are forecasted and compared with a 

baseline that assumes no climate change <Table 4-1>. 

Major scenarios analyzed utilizing the KASMO model consider the direct 

payment program as a government policy variable that affects acreage in the demand 

and supply component. For rice, the variable direct payment program and the fixed 

direct payment program are considered. For beans and barley, the dry field direct 

payment program is considered.  

 
Table 4-1.  Temperature Rise Scenarios under CERES Model 

Crops Scenarios 

Rice 
∙ Rise 3 ºC by 2050, based on the A2 climate change scenario 

∙ Rise 3.2 ºC by 2050, based on the new RCP8.5 climate change scenario 

Bean, Barley ∙ Rise 3 ºC by 2050, based on the A2 climate change scenario 

 

With regards to government policy variables that affect imports, the FTA is 

reflected and accordingly the tariff rate and TRQ are applied. As the baseline, the 

Korea-Chile FTA, effective April 2004; the Korea-EU FTA, effective July 2011 and 

the Korea-USA FTA, effective March 2012 are included. This is made possible as 

the import functions for each crop and each country are separately estimated in the 

import demand function.  

                                                                          
23 The KMA CCIC provides RCP scenarios in the scales of RCP Global (135km), RCP Korean 

Peninsula (12.5km) and RCP South Korea Detail (1km). In order to be able to use the regional data, 
the South Korea Detail (1km) data was used for this study.  
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As the major scenario for estimating the yield based on the KASMO model, the 

new RCP8.5 scenario is applied and its story line that assumes the temperature of 

Korea would rise by 3.2 ºC by 2050 is adopted. In the meantime, the KASMO  

yield baseline used in this study reflects the technology advancement using the 

temporal trend variables under the assumption that the accumulated temperature, 

daily temperature difference, average temperature, and sunshine hours of 2011 

remain the same until 2050. 

The rice yield estimation model, which takes rice growth and weather conditions 

into consideration, has four major variables, being accumulated temperature, average 

temperature, sunshine hours, and daily temperature difference <Table 4-2>. As the 

rice reacts to the meteorological condition differently depending on the growth 

period it finds itself in at the time, the meteorological variables are set differently for 

each growth period. This takes the meteorological factors during the Ripening Stage 

into full consideration as these factors determine 70% of the resulting rice yield.  
 

Table 4-2.  Meteorological Variables included in the Rice Yield Estimation Model 

Variable Stage Description 

Effective 

Accumulated 

Temperature1) 

Early May~Mid-August 

(Vegetative Growth and 

Reproductive Growth) 

[(Average Monthly Temperature-10ºC) 

× No. of Days a Month] 

Average 

Temperature 

Late August~Late September 

(Ripening Stage) 

Average of average monthly 

temperatures in August and September 

Daily 

Temperature 

Difference 

Late August~Late September 

(Ripening Stage) 

Difference between the highest 

temperature and the lowest temperature 

in the months of August and September 

Sunshine 

Hours2) 

Late August~Late September 

(Ripening Stage) 

It is assumed that the sunshine hours in 

2012 would stay constant until 2030. 

Note: 1) As the climate change scenarios do not show the effective accumulated temperatures 

in a sequential order, this is calculated using the average monthly temperature (But, 

only 20 days are applied for August, as only up to mid-August is taken into 

consideration). 

2) The climate change scenarios do not have the data about sunshine hours, so it is 

assumed that the sunshine hours in 2012 would remain constant until 2050.  

Source: The KMA CCIC (http://www.climate.go.kr). 

 

When the A2 climate change scenario is applied, the yields of major grains are 

estimated as follows <Table 4-3>: 
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The change from the common year in the yield of rice is estimated by the CERES 

to be 0.75% in 2015, -0.67% in 2020, -3.1% in 2030, and -8.0% in 2050. When 

scenario RCP8.5 is applied, the estimation is 0.7% in 2015, -1.2% in 2020, -5.2% in 

2030, and -13.1% in 2050. 

Then change from the common year in the yield of barley is estimated by the 

CERES model to be 0.8% in 2015, -4.0% in 2020, -10.0% in 2030, and -15.3% in 

2050. 

The change in the yield of bean due to climate change has not been studied yet. 

However, given that the bean farming season is similar to rice, the change in the 

yield of bean is assumed to be equivalent to that of rice. Thus, it is estimated to be 0.6% 

in 2015, -0.7% in 2020, -3.2% in 2030, and -8.0% in 2050. 

 
Table 4-3.  Estimated Yields of Major Grains 

Unit: kg/10a, % 

Grains 
Yield of 

Base Year 

2015 2020 2030 2050 

Yield 

Change 
from 
Base 
Year 

Yield 
Change 

from Base 
Year 

Yield 

Change 
from 
Base 
Year 

Yield 
Change 

from Base 
Year 

Rice1) 498.3 501.5 0.7 495.2 -0.6 482.6 -3.1 458.6 - 8.0 

Rice2) 498.3 501.5 0.7 492.3 -1.2 472.6 -5.2 433.1 - 13.1 

Barley1) 287.1 289.5 0.8 275.6 -4.0 258.4 -10.0 243.0 -15.3 

Bean1) 163.7 164.7 0.6 162.6 -0.7 158.5 -3.2 150.6 - 8.0 

Note: 1) A2 Scenario 
2) RCP8.5 Scenario 

 

A. Impacts of Climate Change on the Acreage 

 

According to the simulation results, the rice acreage appears to constantly decrease 

both under the baseline scenario and under the three climate change scenarios. The 

predicted acreage in 2050 depends on the scenario.  

The baseline scenario shows rice acreage decreasing 37.6 % from 917Kha in the 

common year to 572 Kha in 2050. The RCP8.5 Scenario 1 to which KASMO yield 

is applied (‘RCP8.5 with KASMO’ hereafter) shows rice acreage decreasing 43.2 % 

from 917Kha in the common year to 522 Kha, The A2 Scenario 2 to which CERES 

yield is applied (‘A2 (CERES)’ hereafter) shows rice acreage decreasing 43.5%  

from 917Kha in the common year to 519 Kha. The RCP8.5 Scenario 3 to which the 

CERES yield is applied (‘RCP8.5 (CERES)’ hereafter), shows a 45.4% decrease 

from 917Kha in the common year to 501 Kha. 
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The barley acreage also appears to decrease constantly after 2010, both under the 

baseline and under climate change scenarios. Acreage in the common year is 47Kha. 

Under the baseline scenario, acreage decreases to 11Kha in 2050, a 76.4% decrease. 

Whereas under A2 Scenario 1 to which the CERES yield is applied, acreage 

decreases to be 8 Kha, an 83.5% decrease. . 

The decrease of the rice and barley acreage is considered to materialize because 

‘the effect of income decrease due to decreasing of rice yield’ outpaces ‘the effect of 

income increase due to increasing rice price.’ In other words, incomes are falling 

faster than they are rising. The acreage is calculated as a function of income, and the 

income variables are the product of producer’s price and yield divided by the 

operating costs <Equation 7>. As acreage is a function of income, the decrease of 

rice acreage will result in the decrease of yield rather than the rise of price.  

With regards to the change in the rice and barley acreage, it appears to decrease 

more under climate change scenarios than under baseline, which implies that the 

decrease of yield caused by climate change results in a decrease in income and, as a 

consequence, a decrease in acreage. In addition, it appears that the difference 

between the baseline and the results of simulation under the climate change scenarios 

becomes bigger. Here, due to price inelasticity, the price increases when the supply 

decreases but, as the acreage is a function of income, the income increase or decrease 

is determined by the increase or decrease of price and yield. This result also implies 

that climate change intensifies the acreage decrease. 

With regards to the change in the soy bean acreage, it appears to increase 

continuously after 2010 both in the climate change scenarios and in the baseline, 

which implies that the decrease of yield caused by climate change results in the 

decrease of income. The lack of profitability then results in a consequent decrease of 

acreage. The acreage in 2050 is 90 Kha in the baseline, which is 9.2% increase from 

82 Kha of the common year. In the RCP8.5 (KASMO) Scenario, it appears to be 

88.2 Kha (7.0% increase) and in the A2 (CERES) Scenario 2, it appears to be 87.5 

Kha (6.2% decrease). 

The increase of the bean acreage appears to come about because ‘the effect of 

income increase due to the increase of bean price’ outpaces ‘the effect of income 

decrease due to the decrease of bean yield.’ The change in the bean acreage shows 

that the acreage in the baseline increases more than in the climate change scenarios. 
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B. Impacts of Climate Change on the Yield and Production 

 

The yield of rice in 2050 actually increases 4.2% compared to the common year 

under the baseline scenario, meanwhile the yield decreases 7.9% under the A2 

(CERES) scenario, 8.4% under the RCP8.5 (KASMO) scenario, and 13.0% under 

the RCP8.5 (CERES) scenario.  

Rice production appears to decrease 34.2% in 2050 compared to the common year 

under the baseline scenario. Rice production decreases 47.3% in both the A2 

(CERES) and RCP8.5 (KASMO) scenario, and by 52.0% under the RCP8.5 

(CERES) scenario. Compared to the baseline, the climate change scenarios (RCP8.5 

and CERES) show a 52.0% decrease in rice production as the yield and acreage 

decrease, which is 17.8%p greater than the decrease in the baseline <Figure 4-9>. 

 

Figure 4-9.  Change in the Rice Yield and Import by Climate Change 

 

 
The yield of soybeans in 2050 appears to increase 7.5% compared to the common 

year under the baseline scenarios, while it decreases 7.3% under RCP8.5 (KASMO) 

and 8.1% under A2 (CERES). Bean production appears to increase 26.5% in 2050 

compared to the common year, under the baseline scenario, while it increases 6.9% 
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under RCP8.5 (KASMO) and 5.2% under A2 (CERES). Compared to the baseline, 

the climate change scenarios (A4 and CERES) show 5.2% decrease of the bean 

production as the yield and acreage decrease, which is 21.2% greater than the 

decrease in the baseline. 

The yield of barley in 2050 appears to increase 15.3% compared to the common 

year under the baseline scenario. Meanwhile it decreases 15.0% under A2 (CERES). 

Barley production appears to decrease 71.6% in 2050 compared to the common year 

under the baseline scenario, while it decreases 85.4% under A2 (CERES). Compared 

to the baseline, the climate change scenarios (A4 and CERES) show an 85.4% 

decrease in barley production as both the yield and acreage decrease, which is 

13.7%p greater than the decrease in the baseline. 

 
C. Impacts of Climate Change on the Self-sufficiency Rate of Grains  

 

The self-sufficiency rate of rice appears to continuously decrease under the 

baseline scenario and in all three climate change scenarios due to the yield decreasing 

with climate change. The result is a continuous decrease in yields and a continuous 

increase in imports.  

The analysis shows that the self-sufficiency rate of rice in 2050 will decrease from 

95.7% in the common year. Under the baseline scenario self sufficiency will drop by 

22.4%p to 78.3%. m 95.7% in the common year in the baseline, while it will 

decrease 35.8%p to 59.9% in the A2 (CERES) scenario, 35.9%p to 59.8% in the 

RCP8.5 (CERES) scenario, and 40.7%p to 55.0% in the RCP8.5 (KASMO) scenario. 

Therefore, the self-sufficiency rate of rice will decrease 18.3%p more in 2050 in the 

RCP8.5 (CERES) scenario than the one in the baseline <Figure 4-10>. In other 

words, it is expected that the self-sufficiency rate of rice will drop to 50% because of 

the climate change, leading to a food security issue given that more than half of the 

rice consumption should depend on imports.  

The analysis shows that compared to the common year, rice imports will increase 

by 789 Ktons by 2050 under the baseline scenario, while it will increase by 1,300 

Ktons under the A2 (CERES), 1,303 Ktons under RCP8.5 (KASMO), and 1,480 

Ktons under RCP8.5 (CERES). Therefore, rice imports under RCP8.5 (CERES) are 

692 Ktons more than under baseline in 2050 <Table 4-4>.  
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Figure 4-10.  Change in the Self-sufficiency Rate of Rice by Climate Change 

 
 

The analysis reveals the changes in the self-sufficiency rate from its 8.5% in the 

common year until the year 2050. Under the baseline scenario the self sufficiency 

rate will decrease by 0.3%p to 8.2%. Under the RCP8.5 (KASMO) scenario the rate 

will decrease by 1.5%p to 6.9%.Under the A2 (CERES) scenario the rate will drop 

by 1.6%p to 6.8%.and in the. Therefore, the self-sufficiency rate of soybean in 2050 

will decrease 1.3%p more under the A2 (CERES) scenario than under the baseline 

scenario.  In other words, it is expected that the self-sufficiency rate for soybeans 

will drop to 6% because of climate change. The analysis also reveals that, compared 

to the common year, soybean imports will increase by 372 Ktons by 2050 under the 

baseline scenario, while it will increase by 400 Ktons under the RCP8.5 (KASMO) 

scenario and 403 Ktons under the A2 (CERES) scenario. Therefore, soybean imports 

in 2050 appear to be 30 Ktons higher under the A2 (CERES) scenario than under the 

baseline scenario <Figure 4-11> and <Table 4-5>.  
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Figure 4-11.  Changes in the Self-sufficiency Rate of Soybeans due to Climate 

Change 

 
Figure 4-12.  Change in the Self-sufficiency Rate of Barley by Climate Change 
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The analysis reveals the changes in the self sufficiency for barley from its value of 

37.6% in the common year by 2050. Under the baseline scenario, the self-sufficiency 

rate of barley decrease by 22.5%p to 15.1%. Under the A2 (CERES) scenario the self 

sufficiency rate will decrease by 29.1p%p to 8.5%.. Therefore, the self-sufficiency 

rate of barley in 2050 will decrease 6.6%p more under the A2 (CERES) scenario 

than it will under the baseline scenario. In other words, it is expected that the self-

sufficiency rate of barley will drop to 8% because of climate change <Figure 4-12>.  

 
Table 4-4.  Simulation Results on Changes in the Rice Supply due to Climate 

Change 

  
Common 

Year 2010 2015 2020 2030 2040 2050 

Baseline 
(KASMO) 

Acreage (Kha) 917 892 836 822 740 656 572 

Yield (kg/10a) 498 482 501 504 509 514 519 

Production (Ktons) 4,516 4,295 4,192 4,141 3,764 3,371 2,970 

Import (Ktons) 297 327 409 409 677 828 1,087 

Self-sufficiency rate (%) 95.7 83.0 90.4 91.0 84.8 80.3 73.3 

Scenario 1 
(KASMO) 

RCP8.5 

Acreage (Kha) 917 892 837 825 732 627 522 

Yield (kg/10a) 498 482 498 495 486 473 456 

Production (Ktons) 4,516 4,295 4,166 4,087 3,560 2,967 2,379 

Import (Ktons) 297 327 409 409 855 1,180 1,601 

Self-sufficiency Rate (%) 95.7 83.0 90.2 90.9 80.6 71.6 59.8 

Scenario 2 
(CERES) 

A2 

Acreage (Kha) 917 892 836 824 730 624 519 

Yield (kg/10a) 498 482 502 495 483 470 459 

Production (Ktons) 4,516 4,295 4,195 4,082 3,524 2,937 2,379 

Import (Ktons) 297 327 409 409 887 1,205 1,598 

Self-sufficiency Rate (%) 95.7 83.0 90.4 90.9 79.9 70.9 59.9 

Scenario 3 
(CERES) 
RCP8.5 

Acreage (Kha) 917 892 836 825 726 613 501 

 Yield (kg/10a) 498 482 502 492 473 453 433 

Production (Ktons) 4,516 4,295 4,195 4,062 3,429 2,776 2,168 

Import (Ktons) 297 327 409 409 970 1,344 1,779 

Self-sufficiency Rate (%) 95.7 83.0 90.4 90.8 77.9 67.4 55.0 
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Table 4-5.  Simulation Results on Changes in the Soybean Supply due to Climate 

Change 

  
Common 

Year 
2010 2015 2020 2030 2040 2050 

Baseline 
(KASMO) 

Acreage ( Kha) 82 71 74 79 84 87 90.0 

Yield (kg/10a) 164 147 169 170 172 174 176 

Production (Ktons) 125 105 124 134 144 151 158 

Import (Ktons) 1,401 1,473 1,725 1,738 1,750 1,761 1,773 

Self-sufficiency Rate (%) 8.5 6.5 6.7 7.2 7.6 7.9 8.2 

Scenario 1 
(KASMO) 

RCP8.5 

Acreage (Kha) 82 71 74 78 83 86 88.2 

 Yield (kg/10a) 164 147 167 166 163 158 152 

Production (Ktons) 125 105 123 130 135 135 134 

Import (Ktons) 1,401 1,473 1,726 1,742 1,759 1,779 1,801 

Self-sufficiency Rate (%) 8.5 6.5 6.7 7.0 7.2 7.1 6.9 

Scenario 2 
(CERES) 

A2 

Acreage (Kha) 82 71 73 78 82 85 87.5 

Yield (kg/10a) 164 147 165 163 158 154 151 

Production (Ktons) 125 105 121 126 131 131 132 

Import (Ktons) 1,401 1,473 1,729 1,746 1,765 1,784 1,804 

Self-sufficiency Rate (%) 8.5 6.5 6.5 6.8 6.9 6.9 6.8 
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Table 4-6.  Simulation Results on Changes in the Barley Supply due to Climate 

Change 

  
Common 

Year 
2010 2015 2020 2030 2040 2050 

Baseline 
(KASMO) 

Acreage (Kha) 47 39 24 22 19 15 11 

Yield (kg/10a) 286 211 299 303 312 321 329 

Production (Ktons) 129 81 71 66 58 48 37 

Import (Ktons) 166 153 195 199 202 203 205 

Self-sufficiency Rate (%) 37.6 26.6 27.1 25.2 22.3 19.0 15.1 

Scenario 2 
(CERES) 

A2 

Acreage (Kha) 47 39 24 21 17 12 8 

Yield (kg/10a) 286 211 290 276 258 251 243 

Production (Ktons) 129 81 69 59 43 31 19 

Import (Ktons) 166 153 196 200 204 204 203 

Self-sufficiency Rate (%) 37.6 26.6 26.2 22.7 17.4 13.0 8.5 

 

1.3.4. Limitations and Implications of the Analysis 

As mentioned before, the major weather factors in the food production are 

temperature, precipitation and number of sunshine hours. As the forecast for 

sunshine hours is not included in the climate change forecast data used in this study, 

it is assumed in the analysis that the sunshine hours in 2012 will remain constant in 

the years to 2050. Therefore, the analysis has a limitation, in that it does not properly 

reflect the impact of sunshine hours on the yield of grains.  

In case of the forecast on the rice import, a certain amount of TRQ has currently 

been imported every year since 1995 due to the WTO/DDA’s exemption of 

concession, which will end in 2014. So, it is assumed that the 2014’s duty import in 

the amount of 409 Ktons is fixed after 2015 and that the rice market will be open in 

2015. When the international rice prices forecast by the overseas organizations 

(USDA, FAPRI, FAO) and the Korean rice prices forecast by the KASMO are taken 

into consideration, it reveals that there will be no additional imports in the next 10 

years, other than that required by WTO obligations. However, the opening of 

Korea’s rice market in 2015 still remains uncertain. Even should the Korean rice 
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market be opened in 2015, the future forecast would vary with the rice tariff rate and 

tariff reduction period. Therefore, instead of taking into account uncertain future 

trade conditions, this study has modified the rice forecast module for 2020 and 

beyond to assume that the shortfall in demand and supply would be imported, for the 

purpose of analysis. 

Because of their large variability, it was difficult for our analysis to actually take 

advantage of the RCP scenarios of the KMA CCIC. In order to solve this problem, 

the simulation was carried out assuming a temperature rise of 3.2 ºC rise by 2050, as 

presented in the NIMR’s RCP8.5. Despite such limitation, our analysis was 

meaningful in that the impacts of climate change on food supply were empirically 

analyzed through the simulation of the changes in the yield, acreage, yield, and self-

sufficiency rate of rice, bean and barley depending on temperature change. 

The analysis shows that climate change may result in a decrease of yield of rice 

and the disruption of its supply and this suggests a great deal. Especially, the fact that 

the reduced rice yield would cause the food self-sufficiency rate to drop to 50% or 

lower and consequently increase imports demonstrates that food security issue can be 

intensified by climate change. In addition, as the self-sufficiency rates of bean and 

barley will also have declined significantly due to climate change, it is expected that 

dependence on imports of beans and barley will also be intensified. 
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2. Analysis of Link between Exterme Weather and 

Food Supply 
 

 

2.1.  Extreme Weather and Fluctuation in the Yield of Rice 
 

2.1.1. Definition of Extreme Weather and Its Phenomena 

A stable food supply depends on the production capability of major grains. 

However, this production capability has declined due to the increasing incidence of 

extreme weather. Therefore, it is necessary to seek countermeasures that will allow 

each crop to cope with extreme weather. Obtaining said countermeasures will require, 

as a pre-requisite, the systematic analysis of the impacts of extreme weather on major 

crops.  

According to the IPCC (2001), extreme weather is defined as a weather 

phenomenon that significantly deviates from normal weather level. On the basis of 

weather variables, Shearer and Rood (2011) defined it as a weather phenomenon that 

happens once in 30 years and the World Meteorological Organization defines it as an 

unusual weather phenomenon that happens once in 25 years.  

Many researchers define the range of abnormal weather using the standard 

deviation from the Gaussian distribution. Shearer and Rood (2011) define the 

phenomenon that deviates 1~2 from the average and Rahmstorf and Counmou (2011) 

define it as a deviation of 2σ from the average. Also, Roh, Kwon and Cho (2012) 

define the abnormal weather as the phenomena beyond the standard deviation from 

the average climate. 

In this study, following the generally accepted definition, a phenomenon beyond 

the standard deviation is defined as abnormal weather. The standard deviation of 2 

means that 95.4% of observations belong within the normal range and the rest is 

abnormal weather.  
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Figure 4-13.  Abnormal Weather and Precipitation in the Suwon Region 

 

[Abnormal Temperature] 

 

[Abnormal Precipitation] 

 

Source: KMA 



 
 
 

Impacts of Climate Change on Food Supply  79 

 

In order to investigate the changes of climatic factors and abnormal weather due to 

climate change, the meteorological data of Suwon, Gyeonggi-do area were analyzed 

<Figure 4-13>.  

In the years between 1980 to 2011, a total of seven years have temperatures which 

deviate by 1σ from the average. In two years, namely 1980 and 1994, the deviation is 

beyond 2σ. During the same period, a total of nine years have precipitation which 

deviates by 1σ from the average. In two years, namely 1995 and 1996, the deviation 

is beyond 2σ. It has been shown that the occurrence abnormal weather is becoming 

more frequent, which in turn implies that the negative impacts of abnormal weather 

on agricultural crops will also be increasing. 

The <Figure 4-14> shows the number of rainy days from July through to 

September in the Suwon region where the average rainfall was 30 mm or more.. The 

number of rainy days where rainfall is 30 mm or more represents the number of days 

with localized torrential rain. Basically, it is considered to be a day of heavy rainfall 

when it rains 80 mm or more, which is rare in the historical data. In this study, those 

days with 30 mm or more of rain are counted as the days of heavy rainfall. The trend 

is for the number of days of heavy rainfall to increase over time.  

 

Figure 4-14.  No. of Rainy Days in July – September in the Suwon Region 

(average 30 mm or more) 

 

Source: KMA.  
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As climate change continues, it is expected that the frequency of heavy rainfall and 

the number of tropical nights will increase significantly (Korea Metheorological 

Administration, 2008; National Institute of Meteorologicail Research, 2009). 

Analysis of the climate variables accompanying each of the type of disasters that 

affects the crop shows that damage by typhoons, blast and snow increases as the 

annual average temperature rises and that  damage by tidal waves, localized 

torrential rain and typhoons increase as the intensity of rainfall increases (Kim, et al., 

2009). 

 

2.1.2. Meteorological Factors and Fluctuation in the Yield of Rice 

The growth stages of rice plants are commonly divided into the transplanting stage, 

the tillering stage, the spikelet differentiation stage the, earing stage and the ripening 

stage. The transplantation stage refers to the period in which  young rice plant are 

transplanted into the paddy field; the tillering stage is the period in which the rice 

plant forms new stems; and the spikelet differentiation stage is the period during 

which  the stamens start to appear.  

The number of spikes per rice plant depends greatly on the environment after the 

rice transplantation, but environment largely ceases to be a factor once the spikelet 

differentiation stage is completed (Chae, 2005). Therefore, the weather elements 

during the 5~50 days from the beginning of tillering24 to the completion of spikelet 

differentiation are closely related to the number of ears per crop. The number of 

grains per ear is determined by the difference between the number of spikelet 

differentiated and the number of spikelets that degenerate afterwards. Both 

differentiation and the degeneration of spikelets are most susceptible to the 

environment in a 5~35 day period before earing (Lee Jong-hoon, 2011). 

The earing stage refers to the time during which the rice ears, and the ripening 

stage is the time when the grains ripen. The grain weight and the grain filling rate25 

are strongly affected by the environmental conditions during the ripening stage after 

earing (Lee Jong-hoon, 2011). The extent to which rice is subject to climatic factors 

varies according to variety. For the early-ripening variety, the number of grains per 

crop, the grain weight and the percentage of ripened grain affect the yield. For the 

medium- to late-ripening varieties, the grain weight in the central region affect the 
                                                                          
24 Refers to formation of stems and leaves from the sprouts on the base of grass, or sending forth shoots 

from the base close to the root of foliage plant. 
25 Ratio of the number of fully ripe grains to the total number of grains attached to the ear. 
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yield most, while the number of grains per crop and the percentage of ripened grain 

have a significant relationship with the yield in the central region and the southern 

plains (Lee and Lee, 2008). As a result, for early ripening varieties, the grain weight 

and the percentage of ripened grain have a significant relationship with yields, and so 

are affected by the environment during the ripening stage. For the medium- to late-

ripening varieties in the central region and the southern plains, which accounts for the 

vast majority of the Korean rice cultivation area, the number of grains per ear has a 

significant relationship with the yields, which is influenced by the environment 

during 5~35 days before earing. Therefore, it can be said that the yield of rice across 

the Korean Rice growing area is affected by the environment during the ripening 

stage for all varieties and during the 5~35 day period before earing for the medium- 

to late-ripening varieties. 

The ripening stage during which rice grains ripen varies a little between differing 

varieties. For the early-ripening variety, it takes about 40 days to ripen after earing; 

for the medium-ripening variety, it takes 45 days; and for the medium- to late-

ripening varieties, it takes about 50 days (Lee, 2001; Chae, 2005). For Odae rice (an 

early-ripening variety) that ears early and has a short ripening period, the ripening 

stage ranges from early August to mid-September. For Hwaseong rice (a medium-

ripening variety) and Chucheong rice and Dongjin rice (medium- to late-ripening 

varieties), the ripening stage corresponds to the period from mid-August to early 

October (Lee and Lee, 2008). For the medium- to late-ripening varieties, 5~35 days 

before earing, which determine the number of grains per ear, fall between early July 

and early August. Therefore, from the perspective of growth stages, the weather 

elements during July and August affect the overall yield of Korean rice. 

Ripening is the process during which carbohydrates and proteins are accumulated, 

which is affected by weather conditions such as temperature and solar radiation and 

the plant’s nutritional condition during the ripening stage. All the processes related to 

ripening are biochemical reactions governed by temperature and thus are closely 

related to temperature (Kobata and Uemuki, 2004). Optimum temperature for 

ripening of rice is generally known to be in the range of 21~25ºC, which varies with 

varieties and regions (Aimi, 1967). During the 20 day period after earing, sugar 

transmission to ears is promoted when the temperature stays high, at around 25ºC. 

But, if the temperature greatly exceeds 25 ºC, ripening is not promoted and if the 

temperature drops far below 25ºC, sugar transmission slows down (Gakjeon, 1964). 

Therefore, temperatures in September, when the latter part of ripening of the 
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medium- to late-ripening varieties starts, may not significantly affect the yield. 

Overall, it is shown that the yield of Korean rice is most significantly affected by the 

average temperature in August. 

 

 

2.2. Analysis Model and Data 

 

2.2.1. Analytical Model 

The panel analysis-probability effect model is used to analyze the impacts of 

climate change on major grain yields. The strength of the panel analysis model26 is 

that it can control estimation errors occurring during the time series process and those 

occurring in the regional unit data, making it possible to conduct realistic analyses. 

The estimation equation variables are technical variable, temperature variable, square 

of the temperature variable, temperature difference and precipitation,27 as shown 

below. In particular, the square of the temperature variable is set in order to solve the 

linearity problem of the estimation equation. Examples of the studies that analyze the 

impacts of weather elements on the yield using a quadratic form are the studies by 

Cahill, et al. (2007), Lobell, et al. (2006), and Han, et al .(2011b). 

 

 (9) 

 

In the equation above, RY is rice yield; TEC is time (technology) variable; TAUG, is 

the average temperature in August; TAUG2 is the square of average temperature in 

August; TVAUG is the variation in the average temperature of August; TSEP is the 

average temperature in September; RI30AUG is the number of days with daily 

precipitation of 30 mm or more. In addition, i = 1, 2, …, 8, t = 1977, 1981, …, 2011 

indicate major time points. 

A representative method for verifying whether the fixed effect model or the 

probability effect model is more effective is the Hausman Test. The null hypothesis 

of Hausman Test is “H0: There is no correlation between the constant term and the 
                                                                          
26 The panel model is explained previously in the section on Analysis of the Factors affecting the Area 

Damaged by Blights and Pests. 
27 The yield model presented here is a modified version of the yield model established by the KSAMO in 

order to measure abnormal weather. 
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explanatory variable.” If the null hypothesis is adopted, the GLS estimate obtained 

by the probability effect model becomes consistent and efficient. Greene (2011) 

observes that, as the estimates under the null hypothesis of the Hausman Test are not 

systematically different; the verification of the hypothesis follows the following Chi-

square (χ2) verification law. When the null hypothesis is not rejected based on the 

Chi-square statistics, it is a probability effect model. 

 

 

 (10) 

 

2.2.2. Analysis Type 

Analysis of the correlation between crop yield and weather elements uses a 

nonlinear equation, instead of a simple linear equation. It is because each crop has its 

own optimal weather environment for growth and, if this optimal condition is not 

met, a linear relationship between the yield and the weather elements cannot be 

established. Therefore, in this study, an equation is established, according to which 

the yield increases up to the optimal point estimated using a quadratic function, and 

then decreases afterwards.28 In other words, the following model is set including a 

quadratic term in the equation, to take into consideration that the crop yield may 

increase until the temperature reaches the optimal point but then may decrease if the 

temperature rises higher than the optimal point.  

 

 (11) 

 

 (12) 

 

where, RY refers to the rice yield and W the weather variable. 

  

                                                                          
28 Han Seok-ho, et al. (2011). 
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2.2.3. Analytical Data  

In order to analyze the impact of abnormal weather on the rice yield, the 

Statistics Korea’s data on the yield of each region (polished grain basis) was used 

<Table 4-7>. The weather elements were taken from the KMA’s monthly data 

average for temperature, highest temperature, lowest temperature, precipitation and 

number of sunshine hours from each region during the period from 1977 to 2011. 

The regional data was constituted from eight (8) cities and their host provinces, 

with provinces listed in brackets. These (8) cities and their host regions were 

Suwon (Gyeonggi), Chuncheon (Gangwon), Cheongju (Chungbuk), Daejeon 

(Chungnam), Jeonju (Jeonbuk), Gwangju (Jeonnam), Daegu (Gyeongbuk), and 

Busan (Gyeongnam). 

The impact of weather elements is closely related to the growth stages of rice and 

of these stages the ripening stage29 is the one most significantly affected by weather 

elements. Therefore, such weather elements as temperature and precipitation during 

the ripening stage were used as the analysis data. In order to analyze the impacts of 

abnormal weather on the rice yield, it is important to set the variables for abnormal 

weather. In this study, the variables temperature variation, precipitation variation, and 

frequency of heavy rain were used. The temperature and precipitation variations 

were calculated by the difference between the average values of the estimation period 

and the corresponding year’s temperature and precipitation. The frequency of heavy 

rain was based on the KMA’s data on ‘the number of days with rainfall of 30 mm or 

more.’ 

The impact of technological change refers to the extent of impact on the yield 

attributable to the development of excellent or high-yielding varieties, the 

advancement of fertilizer and reagent technology and the development of farming 

materials. The variable to measure the impact of technological change over time was 

established by setting 1977 as 1 and 2011 as 35. The rate of technological guidance 

and diffusion could have been used as a variable but, due to the difficulty in 

calculating the chronology of the effect of technological guidance and its diffusion, it 

was not taken into consideration in this study.  

  

                                                                          
29 The ripening stage refers to the time during which the grain ripens. 
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Table 4-7.  Basic Statistics of Rice at Provincial Level 

Province 
Yield 

(kg/10a) 

Aug.  
Average 
Temp.  
(ºC) 

Sep.  
Average 
Temp.  
(ºC) 

Aug. Temp. 
Variation 

(ºC) 

No. of days with 
rainfall of 30 mm 
or more in Aug.  

(days) 

Gyeonggi 
Average 453.7 25.4 20.7 0.9 2.8 

Standard 
Deviation 

38.5 1.2 1.1 0.7 1.7 

Gangwon 
Average 422.7 24.5 19.3 0.8 3.7 

Standard 
Deviation 

60.0 1.0 1.0 0.6 2.2 

Chungbuk 
Average 465.6 25.6 20.6 0.9 3.4 

Standard 
Deviation 

52.7 1.2 1.2 0.8 1.9 

Chungnam 
Average 501.1 25.5 20.7 0.9 3.5 

Standard 
Deviation 

44.4 1.2 1.0 0.7 1.9 

Jeonbuk 
Average 503.8 26.1 21.5 0.9 3.3 

Standard 
Deviation 

36.0 1.1 1.1 0.7 2.1 

Jeonnam 
Average 463.0 26.1 21.8 0.8 3.3 

Standard 
Deviation 

38.8 1.1 1.1 0.8 2.1 

Gyeongbuk 
Average 458.8 26.2 21.6 1.2 2.8 

Standard 
Deviation 

63.3 1.5 1.0 1.0 2.1 

Gyeongnam 
Average 440.1 25.8 22.3 1.1 2.6 

Standard 
Deviation 

54.4 1.5 0.9 0.9 2.1 

 
 

2.3. Analysis Results 
 

2.3.1. Estimation Results 

In order to determine which of the probability effect model and the fixed effect 

model would be more suited to the task at hand, the Hausman Test was employed. 

First of all, <Equation 9> was estimated as the probability effect model and then 

verified with the Hausman Test. As the result showed Chi-square to be 6.56 and the 
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p-value 0.36, it was not possible to reject the null hypothesis that ‘there was no 

correlation between the constant term and the explanatory variable’ <Table 4-8>. 

Therefore, it was concluded that the probability effect model was more suitable than 

the fixed effect model. 
 

Table 4-8.  Hausman Test Result for the Estimation Model 

Category χ2 statistics χ2 degree of freedom p-value 

Cross-sectional Probability  6.56 6 0.36  

 
The result of estimating the rice yield function to analyze the climate change 

impacts is shown in <Table 4-9>. The rice yield function combines the technology 

variables and the weather variables, average temperature, square of average 

temperature, average temperature variation, and precipitation during the ripening 

stage. The estimation coefficient for the quadratic term of the average temperature 

has a negative sign, which means that the average temperature and the yield have a 

nonlinear relationship. It also means that the yield does not increase at a constant 

rate along with the increase of average temperature but that it only increases until 

the temperature reaches its optimal point, after which it decreases.  

 

Table 4-9.  Rice Yield Estimation Result (Probability Effect Model) 

Variables Coefficient t-value 
R2 

F value 

Estimation Method 

Data Period 

Data Count 

C -3170.81*** -3.14144 

Adj-R2=0.54 

 

F value=56.53 

(0.0000)  

Panel  

EGLS  

(1977- 2011) 

n=280 

TEC 1.611604*** 6.710648 

TAUG 263.7489*** 3.361002 

TAUG2 -4.98475*** -3.25227 

TSEP 7.011293*** 3.04683 

TVAUG -10.0026** -1.99919 

RI30AUG -3.13806*** -3.04195 

Note: *, **, and *** are statistically significant at the significant level of 10%, 5%, and 1% 

respectively.  
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It appeared that the higher the average temperature during the ripening stage 

(August, September) and the lower the precipitation in August, the higher the rice 

yield would be. It was also estimated that the lower the average temperature variation 

and the frequency of heavy rain in August, the higher the rice yield would be. For 

example, if the average temperature in Augusts rose 1%, the yield would increase 14% 

(without taking the quadratic term into consideration). If the September temperature 

rose 1%, the yield would increase 0.32%. It was also analyzed that if the temperature 

variation in August increased 10%, yield would decrease 0.2% and if the number of 

heavy-rain days in August increased 10%, yield would decrease 0.2%. 

 

2.3.2. Analysis of Abnormal Weather Scenarios 

The most effective method for estimating the impacts of abnormal weather is to 

use the data for the years in which abnormal weather conditions occurred. However, 

due to the shortage of data from which a significant conclusion could be drawn, 

abnormal weather scenarios were developed for this study to estimate the impacts. In 

order to facilitate the scenario analysis, only the temperature and precipitation 

variables for the month of August in the ripening stage were taken into consideration 

for analysis. The analysis showed that the higher the average temperature and the 

lower  the precipitation during the ripening stage (August) the higher the rice yield 

would be <Table 4-10>.  

 

Table 4-10.  Rice Yield Estimation Result (Probability Effect Model) 

Variables Coefficient t-value 
R2 

F value 

Estimation 
Method 

Data Period 
Data Count 

C -4946.93*** -9.34643 

Adj-R2=0.53 

 

F value=78.74 

(0.0000)  

Panel  

EGLS  

(1977-2011) 

n=280 

TEC 2.031041*** 9.642346 

TAUG 412.5698*** 9.906499 

TAUG2 -7.87423*** -9.6264 

RAUG -0.05049*** -3.77946 

Note: *, **, and *** are statistically significant at the significant level of 10%, 5%, and 1% 

respectively.  
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In order to examine the impacts of climate change (changes in the average 

temperature and precipitation) and abnormal weather on the rice yield, abnormal 

weather scenarios were developed. The estimations from the panel analysis were 

applied to the Jeonnam region. Jeonnam was chosen as it is a representative rice 

production area. As the baseline for comparison from which to analyze the impacts 

of extreme weather, an average temperature 26.1ºC and an average precipitation 

305.5mm were used. These were the averages for the period 1977~2011. 

Additionally, in order to make the comparison easy, a yield of 468.5 kg, the 

average yield in the 2000s (2001~2011), was used. 

By definition, abnormal weather refers to a change from the standard deviation by 

the factor of 2, according to the World Meteorological Organization (WMO). In this 

study, given the expectation that the magnitude of abnormal weather would increase 

if the average temperature rise was 3ºC, a change from the standard deviation by the 

factor of up to 3 was defined as abnormal weather. For the purpose of this study 

abnormal weather may appear as high temperatures, low temperatures, drought 

and/or flood but in this study, only scenarios concerned with abnormally high 

temperatures, abnormally low temperatures and abnormal precipitation increase were 

considered, with the focus being on their negative impacts on the rice yield. The 

scenarios were set to have the temperature rise by factors of 2 and 3, and the 

temperature drop by a factor of 2, from the standard deviation for the period from 

1977 to 2011. Taking the current trend of global warming into consideration, it was 

realistically unlikely for temperature to drop by the factor of 3 from the standard 

deviation and thus this scenario was excluded. For precipitation, scenarios were to 

have this increase by factors of 2 and 3 from the standard deviation for the period 

from 1977 to 2011 (Scenarios 1~5). When abnormal weather occurs, it is common 

that abnormally high or low temperature is accompanied by an abnormal increase in 

precipitation. For example, at the time of Hurricane ‘Rusa’ in 2002 and Hurricane 

‘‘Maemi’ in 2003, the temperature dropped significantly compared to the common 

year while the precipitation increased significantly. Therefore, total six scenarios 

were developed by combining abnormal temperatures and abnormal increases in 

precipitation (Scenario 5~11). 

<Table 4-11> shows the result of analysis based on the 6 scenarios for abnormal 

weather phenomena. First, it was shown that, if an abnormal temperature condition 

occurred, the rice yield decreased 5.8~16.3% from the average yield30 for the 2000s 

                                                                          
30 To make comparison easy, the baseline was set to the average of the years from 2001 to 2011. 
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and if precipitation increased abnormally (more than two times the standard 

deviation), the rice yield decreased 1.0~2.5%. If an abnormally low temperature and 

abnormal precipitation increase occurred simultaneously, the rice yield decreased 

10.5~12.1%. On the other hand, if an abnormally high temperature and abnormal 

precipitation increase occurred at the same time, the rice yield decreased 8.8~20.8%.  

 

Table 4-11.  Forecast of the Rice Yield for Abnormal Weather Scenarios 

Scenario 
Temp. 
(ºC) 

Precipitation 
(mm) 

Yield 
(kg/10a) 

Change 
(%) 

Baseline 
Average Temperature & 

Precipitation 
26.1 305.5 468.5 0.0 

Abnormal 
Weather 

High 
Temp. 

Scenario 1 Temperature rise by 2σ  28.4 305.5 441.4 -5.8 

Scenario 2 Temperature rise by 3σ  29.5 305.5 392.4 -16.3 

Low 
Temp. 

Scenario 3 Temperature drop by 2σ 23.8 305.5 433.4 -7.5 

Abnormal 
Precipitation 

Scenario 4 Precipitation increase by 2σ 26.1 588.1 464.0 -1.0 

Scenario 5 Precipitation increase by 3σ 26.1 729.4 456.8 -2.5 

Abnormally Low 
Temp. & 
Abnormal 

Precipitation 

Scenario 6 
Temperature 2σ × 
Precipitation 2σ 

23.8 588.1 419.1 -10.5 

Scenario 7 
Temperature 2σ × 
Precipitation 3σ 

23.8 729.4 412.0 -12.1 

Abnormally High 
Temp. & 
Abnormal 

Precipitation 

Scenario 8 
Temperature 2σ × 
Precipitation 2σ 

23.8 588.1 427.2 -8.8 

Scenario 9 
Temperature 2σ × 
precipitation 3σ 

23.8 729.4 420.0 -10.4 

Scenario10 
Temperature 3σ × 
Precipitation 2σ 

22.7 588.1 378.1 -19.3 

Scenario11 
Temperature 3σ × 
Precipitation 3σ 

22.7 729.4 371.0 -20.8 
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2.3.4. Implications 

The current status of abnormal weather occurrence in Korea was examined prior 

to analyzing the impact of the abnormal weather on the rice production, for which a 

panel analysis-probability effect model was used. The following results were derived. 

The analysis of 1980~2011 data for the months from July to September in the 

Suwon area showed that, when abnormal weather was defined as the deviation by the 

factor of 1σ from the average temperature, the frequency of abnormal weather was 

increasing. In addition, when abnormal weather was defined as days with the 

precipitation of 30 mm or more, it appeared that the number of days with the 

precipitation of 30 mm or more was likewise increasing. When one takes into 

consideration that abnormal weather negatively impacts agricultural production, then 

it follows that the greater the frequency of abnormal weather is the more agricultural 

production will fall, suggesting that it is necessary to prepare proper countermeasures.  

Estimation of the rice yield function required the inclusion of the following 

variables: the technological variable as well as the following weather variables 

during the ripening stage: the average temperature, the square of average temperature, 

the average temperature variation, precipitation, and the number of days with heavy 

rainfall. It was estimated that, when the August average temperature varied by a large 

amount, the rice yield decreased significantly and similarly, when the frequency of 

the August heavy rain increased, the rice yield also decreased significantly. 

The analysis of the scenarios that would describe the impact of abnormal weather 

on the rice yield showed that the occurrence of an abnormally high temperature 

resulted in 5.8~16.3% decrease in the rice yield and an abnormal increase of 

precipitation (more than two times the standard deviation) resulted in a 1.0~2.5% 

decrease. It was estimated that when an abnormally high temperature and an 

abnormal increase in precipitation occurred simultaneously, the rice yield decreased 

8.8~20.8%. 

In the future, it is expected that damages from abnormal weather events would be 

much worse than the damage caused by increases in average temperature and 

precipitation. As it is expected that the abnormal weather phenomena will become 

more frequent and more intense, proper strategies to reduce the damage are required. 

The following are the suggestions offered: 

First, it is necessary to assess both the level of vulnerability to damage from 

abnormal weather by type (e.g., abnormally high temperature, localized torrential 
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rain, drought, typhoons) and by region. This vulnerability assessment will provide 

the very important implications, which will in turn establish the priorities in 

designing counter-strategies against abnormal weather. 

Second, there is the need for a strategy to minimize damage due to abnormal 

weather. This could involve the creation of new cultivation technologies as well as 

developing and spreading new crop varieties that can adapt to climate change. New 

varieties would exhibit features such as high-temperature resistance, disease-

resistance and quiescence so as to prevent viviparous germination.  

Third, it is necessary to improve, repair and modernize the agricultural irrigation 

facilities, such as reservoirs, pumping stations, drainage channels and agricultural 

tube wells, in preparation for more frequent occurrences of localized torrential rain 

and drought. 

Fourth, as abnormal weather may seriously damage the financial standing of 

farmers. In some cases this will lead to farmer bankruptcy. Indeed, should a large 

number of farmers suffer financially at the same time the very existence of the 

nation’s agricultural foundation could be put in danger. Given the danger, the 

government should actively engage itself in compensating farmers for their losses. It 

is thus financially prudent to prevent such risks in advance by taking the proper 

precautionary measures. Therefore it is necessary to expand the current casualty 

insurance and risk management programs, so as to protect farmers from bankruptcy. 

 
 

3. Analysis of Climate Change Impact on 

International Grain Markets  
 

 

3.1.  Significance of the Analysis of International Grain 

Market 
 

Prices at the international grain market are greatly affected by a number of factors. 

Prices vary with weather factors, investments in the agricultural sector, agricultural 

subsidies in the developed countries, the international oil price (fuel price), increases 

in meat consumption, the growth of the bio-fuel production and inflows of 

speculative funds. The international grain market is a representative thin market. A 
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thin market is characterised by a low volume of trading compared to production, 

where price fluctuates a lot even at a small change in the production.  

It has the characteristics of a supplier’s oligopolistic market where the export 

volume is determined by several major producing countries (Seo, Lee and Kim, 

2011). Korea, especially, depends on imports from foreign countries for more than 

90% of its major grain supply, namely wheat, corn and soybeans. For medium-to 

short-grain rice, the market does not trade in large volumes. Therefore, should Korea 

have to increase its import volume, it would be greatly affected by price volatility in 

the international grain market. Historically, there are actual cases where the price of 

medium-to short-grain rice on the international market has soared. In 1980, 1993 and 

2003 both Japan and Korea increased their imports after suffering drastic rice 

production falls following abnormal weather. In other words, Korea’s food supply 

may become unstable should a sudden drop in the production of major grain 

producing countries occur, as this would cause the international grain price to rise. 

Therefore, it is necessary to conduct an in-depth analysis with regards to establishing 

precisely how sensitive the international grain prices are to the change in the major 

grain supply, by establishing the correlation between climate change and the 

international grain market.  

 

 

3.2.  Impacts of Climate Change on the International Grain 

Market 
 

3.2.1. Rice 

Rice holds an important position as a key crop and staple food in major Asian 

countries. Asia accounts for more than 50% of the world’s rice production, and the 

supply and demand of the major producing countries in Asia has a significant impact 

on international rice prices. Most of the production areas are located in the tropical or 

sub-tropical regions and rely on rainfall for farming. They are therefore highly 

vulnerable to the effects of global warming. With regards the relationship between 

climate change and rice prices, there was a significant rise in the rice price on the 

international grain market in 1980/81, 1993 and 2003. During these years production 

decreased, mainly due to abnormal weather (cold damages) in Korea and Japan, and 

this resulted in a jump of imports  the international rice market which drove up 
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prices. For example, in 1980/81, the short grain rice was priced at $660 per ton, a 

29.4% jump from the common year level of $ 510 per ton <Figure 4-15>. 

 

Figure 4-15.  Rice Price Trend in the International Grain Market 

Note: The medium-grain variety is Grade 1 produce from California, USA and the long-grain 

variety 100% B-grade produce from Thai. 

Source: USDA, Rice Outlook 

 

3.2.2. Wheat 

The years when the wheat price soared in the international grain market were 

1982/83, 1988, 1993, 1995, 2002/03 and 2010. In 1982~1983, there was a great 

drought in Australia, which resulted in the damage in excess of 3 billion dollars. In 

1988, a drought occurred in the United States and Canada, and it affected three 

provinces in the western Canada, reducing those three provinces’wheat production 

by more than 40%. In 1995, a drought occurred in the southern U.S. plains, while 

flooding occurred in Texas, Oklahoma, Louisiana, Mississippi and California. From 

2001 to 2003, a drought in Canada saw wheat production decrease 15% in the 

western province of Saskatchewan and by approximately 10% in Manitoba. In 2003 

and 2005, uncommonly high humidity and cold snaps occurred in western Canada, 

resulting in a 4~30% decrease in wheat production in West Canada <Figure 4-16>.  
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Figure 4-16.  Wheat Price Trend in the International Grain Market 

Note: Kansas Chicago Hard Red Winter(HRW) Wheat Grade 2 

Source: Price data is based on CBOT price. 

 

In the summer of 2010, Russia suffered a drought and instituted a wheat export 

ban from August 2010 until July 1, 2011. At this time, Russia accounted for 8.1% of 

the world’s wheat production and 14.3% of the exports. The result was that the wheat 

price per ton on the international grain market rose dramatically from the common 

year’s level of $128 per ton to $260, which was approximately a 97% rise. 

 

3.2.4. Corn 

The years when the corn price soared in the international grain market were 1974, 

1980, 1983, 1988 and 1995. In 1974, the United States suffered from a severe 

drought in the Corn Belt and thus restricted exports to the Soviet Union to a certain 

level as of October 4. In the summer of 1980, extreme heat and drought hit the 

central and eastern regions of the United States, reducing the corn yield. Also, the 

drought in the Corn Belt region of the United States in 1983 disrupted distribution for 

both domestic supply and exports. In the same year, an aflatoxin outbreak in eight of 

the southern states cost more than $97 million in lost corn production <Figure 4-17>. 
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Figure 4-17.  Corn Price Trend in the International Grain Market 

 
Note: Based on Grade 2 Chicago Yellow Corn  

Source: Price data is based on CBOT. 

 

In the summer of 1988, drought and extreme heat hit the central and eastern 

regions of the United States once again, causing the government to spend more than 

$3 billion to support grain production. In 1995, drought occurred in the southern 

plain areas in the United States while Texas, Oklahoma, Louisiana, Mississippi, and 

California experienced flooding. 

 

3.2.5. Soybean 

The soybean price soared on the international grain market in the years 1973, 1974, 

1988, 1995, and 1997/98. Due to the rise of the feed grain price during the period 

from June 27 to July 2, 1973, the United States banned export of soybeans and raw 

cotton to protect its livestock industry, until October 1. This appears to have affected 

East Asian countries, such as Japan and Korea, where soybean was a major source of 

protein <Figure 4-18>.  
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Figure 4-18.  Soybean Price Trend in the International Grain Market 

 
Note: Based on Chicago Grade 1 soybean 

Source: Price data is based on CBOT 

 

In 1974, the United States restricted soybean exports to the Soviet Union to a 

certain level starting October 4, due to a severe drought in the Corn Belt, where 

soybean is also cultivated. From the early spring to the summer of 1988, extreme 

heat and drought hit the central and southeastern regions of the United States, 

reducing the grain yield by approximately 37% and causing the US government to 

spend emergency relief funds in the amount of $3 billion to farmers in the affected 

areas. In 1995, the southern plains in the United States were hit by drought while 

other states were flooded and so overall soybean production and yield were reduced. 

In 1997~1998, El Niňo brought heavy winter rains to the west coast of the United 

States  while high temperatures bore down on Texas and Oklahoma states in the 

following summer. Also, the drought hit northern Australia, Indonesia, and the 

northeastern regions of Brazil. It is shown that, as the damages caused by El Nino 

occurred outwith the major breadbaskets, there was no major impact on grain 

production.  
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3.3.  Analysis of the Climate Change Impact on the 

International Grain Market 
Whenever the exports from major grain exporters or the imports to major grain 

importers are significantly affected by abnormal weather (due to climate change), it 

also affects the international grain market.  

In the rice market, the top five countries account for 70% of the total production 

and consumption and 80% of the exports. The volume of trade in the international 

rice market accounts only for 6 to 7% of the total production (compared to 12~14% 

for corn, 18%~20% for barley and 25~30% for soybeans) and most of the yield is 

consumed within the producing country. On the other hand, for short- to medium-

grain rice varieties, the trade volume is as low as 5% or less. The short and medium 

grain rice production is limited mostly to the Asian monsoon region and the Pacific 

coastal areas and thus is greatly influenced by weather disasters, such as El Niño 

and hurricanes. 

The international rice market differs from other international grain markets in 

that it is segmented according to variety (long-grain, short grain, sweet rice, sweet-

scented rice) and grain quality. As yields by the mass-producing countries in Asia 

are mostly self-consumed and the trade volume accounts only for 7.7% of the total 

yield (as of 2011), the international rice market has the characteristics of a 

supplier’s oligopoly with the structure of a “thin market.”31 Therefore, if there is a 

disruption in exports from any one of the major exporters, it will directly impact 

the international grain market. In order to identify the characteristics of the 

international grain market, the price flexibility coefficient (ξPFC) is derived using 

price flexibility <Table 4-12>. 

  

                                                                          
31 For more detailed information about a “thin market” with the characteristics of “supplier oligopoly 

market” based on the analysis of the price variability in the international grain market and its structural 
vulnerability, refer to Seo, Lee and Kim (2011).  
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Table 4-12.  Producing, Exporting and Importing Countries of Each Grain (Based 

on 2011/12 Estimates) 

Unit: Mtons, % 

Grain 
Production Exports Imports 

Country Production % Country Exports % Country Imports % 

Rice 

China 140.50 30.3 India 7.00 20.5 Nigeria 2.50 7.6 

India 103.40 22.3 Vietnam 7.00 20.5 Indonesia 1.95 5.9 

Indonesia 36.30 7.8 Thailand 6.50 19.1 EU-27 1.55 4.7 

Thailand 20.46 4.4 Pakistan 3.75 11.0 Philippines 1.50 4.6 

Vietnam 26.46 5.7 United States 3.08 9.0 United States 0.65 2.0 

United States 5.87 1.3 Egypt 0.60 1.8 Egypt 0.60 1.8 

Egypt 4.25 0.9 Brazil 0.80 2.3 Brazil 0.70 2.1 

Japan 7.65 1.7 Japan 0.20 0.6 Japan 0.70 2.1 

Korea 4.22 0.9 Korea 0.00 0.0 Korea 0.60 1.8 

Total 349.11 75.4 Total 28.93 84.9 Total 10.75 32.7 

Wheat 

EU-27 137.38 19.8 EU-27 16.50 11.2 EU-27 7.50 5.3 

United States 54.41 7.8 United States 27.90 19.0 United States 3.27 2.3 

Russia 56.23 8.1 Russia 21.00 14.3 Brazil 7.30 5.2 

Australia 29.50 4.2 Australia 22.00 15.0 
Middle-East 
Countries 

14.85 10.5 

Canada 25.26 3.6 Canada 17.30 11.8 North Africa 22.70 16.0 

Argentina 14.50 2.1 Argentina 9.80 6.7 Southeast Asia 16.40 11.6 

China 117.92 17.0 China 1.00 0.7 China 3.00 2.1 

Ukraine 22.12 3.2 Ukraine 5.00 3.4 Japan 6.40 4.5 

Kazakhstan 22.73 3.3 Kazakhstan 10.50 7.2 Korea 5.40 3.8 

Total 480.05 69.1 Total 131.00 89.3 Total 86.82 61.4 

Corn 

United States 313.92 36.1 United States 43.18 44.5 EU-27 5.00 5.3 

Brazil 67.00 7.7 Brazil 11.50 11.9 Japan 15.50 16.6 

China 191.75 22.0 China 0.20 0.2 Korea 7.50 8.0 

Argentina 21.50 2.5 Argentina 13.50 13.9 China 5.00 5.3 

EU-27 64.64 7.4 EU-27 2.50 2.6 Southeast Asia 6.40 6.8 

Mexico 19.00 2.2. Ukraine 14.00 14.4 Mexico 10.50 11.2 

Ukraine 22.84 2.6 South Africa 1.50 1.5 Egypt 5.00 5.3 

Total 700.65 80.5 Total 86.38 89.1 Total 54.9 58.7 

Soybean 

United States 83.17 35.1 United States 35.79 40.2 China 56.00 62.6 

Brazil 65.00 27.4 Brazil 35.70 40.1 EU-27 11.00 12.3 

Argentina 42.50 42.5 Argentina 8.45 9.5 Japan 2.70 3.0 

China 13.50 5.7 China 0.20 0.2 Korea 1.06 1.2 

EU-27 1.12 0.5 EU-27 0.03 0.0 Mexico 3.40 3.8 

Total 205.29 86.7 Total 80.17 90.1 Total 74.16 82.9 

Note: 1) % is the percentage that each country occupies in the word’s production, exports and imports. 
2) Middle-East countries include Lebanon, Iraq, Iran, Israel, Jordan, Kuwait, Saudi Arabia, Yemen, 

UAE, and Oman. North African countries include Algeria, Egypt, Libya, Morocco, and Tunisia, 
and Southeast Asia countries include Indonesia, Malaysia, Philippines, Thailand, and Vietnam. 

Source: USDA, WASDE (2012. 5) 
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Price flexibility is the inverse of price elasticity (ξD), which means price 

fluctuations react to the change in the sales of the corresponding item or a change in 

related variables when it is assumed that all other conditions are unchanged. The 

price flexibility coefficient for the supply volume in the international grain market is 

an indicator of the degree of price change in response to the supply volume. When 

price flexibility value is large, it means that the demand is inelastic to price.  

 

ξ   =
     	      	    	(%)

        	      	    	(%)
=

 

  
 (13) 

 

With the medium-grain rice applied for calculation of the price flexibility 

coefficient in the international grain market, the estimation model is as shown in 

Equation (15).32 

 

 (14) 

 

where,  

pti:  Actual price of the California-produced medium-grain rice during t period 

sti:  Sum of the yields of the medium-grain rice produced in Korea, Japan, 

Taiwan and the United States during t period and the carried-forward 

amount 

imti: Sum of the imports of the medium-grain rice by Korea, Japan, Taiwan, and 

United States during t period 

exti: Sum of the exports of the medium-grain rice by Korea, Japan, Taiwan, and 

United States during t period 

Dti:  Dummy variable when Egypt and India bans export (2008~2011=1, 

otherwise 0) 

 

Next, the price flexibility coefficient estimation model for wheat, corn, and 

soybean is as follows:  

 

 (15) 

                                                                          
32 The reason why both exports and imports are included as independent variables in the equation for 

calculating the price flexibility coefficient is because the calculation is based only on some countries 
that produce the short- to medium-grain rice though the exports and imports of the whole world are 
theoretically same.  
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where,  

pti:  Actual price of wheat corn and soybean during t period, based on CBOT 

price 

sti:  Sum of the world’s total yields of wheat, corn and soybean during t period 

and the carried-forward amount 

exti: World’s total exports of wheat, corn and soybean during t period (= imports 

= trade volume) 

 

Table 4-13.  Estimated Price Flexibility Coefficients of Major Grains 

 
Variable Coefficient 1) t value 

 

F 

Rice 

ln_qs -2.390761 ** -2.65 

0.59 16.33 

ln_qs_12) 1.220296 * 1.97 

ln_import -0.910399 ** -2.18 

ln_export 0.122196 
 

0.10 

d_policy 0.576349 *** 5.90 

Constant term 18.25928 ** 2.44 

Wheat 

ln_qs -3.234225 *** -7.72 

0.77 58.47 ln_export 1.408114 *** 3.72 

Constant Term 32.50029 *** 12.91 

Corn 

ln_qs -2.147719 *** -8.35 

0.68 42.80 ln_export 1.629443 *** 4.67 

Constant Term 15,66415 *** 7.16 

Soybean 

ln_qs -2.315178 *** -8.32 

0.77 66.40 ln_export 1.717791 *** 6.27 

Constant Term 15.39711 *** 18.50 

Note: 1) *, **, and *** are statistically significant at the significant level of 10%, 5%, and 1% 
respectively. 

2) ln_qs_1 represents the sum of the previous period’s yield and the amount of basic 
supply. 

 

The price flexibility coefficients in the international grain market were estimated to 

be 3.23 for wheat, 2.39 for rice, 2.31 for soybean and 2.15 for corn <Table 4-13>.33 

                                                                          
33 As a result of the simulation conducted using FAPRI’s international grain model under the assumption 

that the yields of rice, wheat, corn and soybean would decrease 10% in 4 major producers in 2015, the 
price flexibility coefficients were calculated at -5.76 for rice, -1.72 for wheat, -1.66 for corn, and -2.01 
for soybean. In this study, the price flexibility coefficient of rice was considerably lower than the one 
calculated by FAPRI. It appears to be arising from the fact that the time series data about the supply of 
the short- to medium-grain rice in the international grain market was not sufficient. 
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The price inelasticity in demand and supply of major grains indicates that the scale of 

price fluctuation will be large and unstable at times of market disturbance due to 

abnormal weather. Therefore, there is always a possibility that prices in the 

international grain market will skyrocket if abnormal weather occurs frequently 

because of climate change in the future. 

 

3.4.  Implications of Analysis of the International Grain 

Market  
 

The prices in the international grain market are determined by many factors, such 

as weather factors, a nation’s support policies (including subsidies), energy prices 

(including the oil price), bio-fuel production, agricultural subsidies in developed 

countries, increases in meat consumption, and inflows of speculative funds. It is 

difficult to identify the extent of how much impact each factor has on the 

international grain price. However, it has been shown that international grain price 

fluctuate dramatically during years when extreme weather globally caused drastic 

changes in yields from major breadbaskets. 

In order to determine the extent of price fluctuations, caused by supply fluctuations, 

on the international grain market, the price flexibility coefficient was derived. The 

coefficients appeared to vary with the types of grain but were larger than 2. Therefore, 

it is likely that when supply drops by 10%, the prices would skyrocket more than 

20%. It seems to be caused by the fact that the international grain market has the 

form of a supplier’s oligopolistic market with the thin market characteristics. This 

can be interpreted as follows: if extreme  weather occurs (due to climate change in 

the future) this will likely affect both producers and importers. From the producer 

side this will likely result in the producer’s grain yields decreasing and as a 

consequence a drop in supply. From the importing country’s, abnormal weather will 

result in a drop in domestic supply and thus to an increase in imports. Under such 

conditions, with exporters exporting less and importers importing more, the 

international grain prices would be likely to surge.  

What is more concerning is the prospect that as abnormal weather becomes 

increasingly frequent due to climate change and becomes more of a global 

phenomenon, as opposed to being limited to specific regions, price fluctuations on  

the international grain market would become larger than in the past. It also implies 
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that abnormal weather may operate as a significant constraint on importing countries 

attempts to secure adequate import volume. 

Another consideration is that as contention between food crops and bio-energy 

crops becomes larger; this will act as a factor in the rise of grain prices. This should 

be recognized as an important factor in international grain market fluctuations.  

The telling statistic on this topic is that approximately 1/3 of the US corn yield is 

supplied on the international grain market as a raw material for the production of bio-

ethanol. Indeed, as the importance and scale of new renewable energy becomes 

larger, the contention for corn demand will intensify, which will likely act as a factor 

in pushing price rises. There are concerns that when the corn yield decreases in major 

production areas due to climate change, the corn price in the international grain 

market will rise sharply. Therefore, it is both prudent and necessary to build up a 

stable supply system by securing overseas corn production bases as well as by 

strengthening domestic corn production bases.  

 

 

4. Analysis of Farmers’ Recognition of and 

Responses to Climate Change and Food Supply 
 

 

4.1. Overview of Survey 
 

The government has prepared and implemented various strategies to secure a 

stable food supply (production + imports) in response to climate change. The 

government has response strategies designed to safeguard  production. For these 

strategies to be effective viable adaptation strategies at the farm level should be 

derived and the farmers themselves need to practice them. Therefore, it is 

necessary to systematically analyze those factors that affect the farmers’ 

willingness to accommodate the offered adaptation technology. 

In order to derive viable adaptation strategies based on the analysis of the 

farmer’s willingness to accommodate them, the following needs to be surveyed 

and analyzed: how the farmers perceive the climate change including abnormal 

weather; how the adaptation technologies are accepted; what the impacts of climate 

change are, including abnormal weather; what is the government’s opinion 
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regarding the diffusion of strategies for climate change adaptation technologies; 

what is the farmer’s level of willingness to practice the climate change adaptation 

technologies prepared by the government. 

Based on the previous studies about the actual conditions of adaptation to 

climate change and the farmers’ willingness to accept the adaptation technologies, 

it seems that the level of the farmers’ recognition of climate change and its impact 

is considerably high. It appears that, on the topic of climate change adaptation 

technologies and plans, the farmers assessed the following as being the most 

important: the development of new varieties; the modernization of the agricultural 

infrastructure; the preparation of a manual for adaptation measures, the 

development and diffusion of a climate change adaptation database; the preparation 

of long-term development plans for rural communities and the development of a 

system to monitor  agricultural environments and weather factors.  

For adaptation to climate change, the farmers answered that the government and 

related agencies had the most important role to play.  

With regard to the educational methods, they answered that the agricultural 

education through the relevant agencies, including the Agricultural Technology 

Center, would be the most appropriate method (Kim, et al., 2009). 

 Based on the results of the survey analysis for the farmers and experts in the 

Jeonbuk region, Kim, et al. (2010) concluded that the development and 

introduction of new varieties, the development of countermeasures against 

abnormal weather and the technologies to cope with meteorological disasters in the 

agricultural sector are most needed. 

The survey was conducted to analyze the farmers’ willingness to accept the 

climate change adaptation technologies and to derive the political implications of 

coping with climate change, in terms of production at the farmer level. The survey 

consisted of a total of 20 items, such as the farmers’ recognition of the impacts of 

climate change, the current status of the acceptance of climate change adaptation 

technologies, the farmer’s opinion on the government’s climate change adaptation 

plan, the willingness of farmers to accept the climate change adaptation 

technologies, and ideas concerning the stabilization of Korea’s food supply. 

The survey had a total 403 respondents from September to October, 2012. Of 

these, 371 were local correspondents (mail survey) of the Korea Rural Economy 

Institute and 32 were farmers (interviews). Taking into account the arable land area 

and the extent of climate change experience, the regional composition of the survey 
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respondents was as follows: the Gyeonggi region 12.4%, the Gangwon region 

6.5%, the Chungcheong region 27.0%, the Jeonnam region 31.8%, and the 

Gyeongsang region 22.3%. 

An analysis of the socio-economic characteristics of 403 farmers revealed the 

following. An analysis of farmer age revealed that 69.2% of respondents were 60 

years or older, while 23.1% of respondents were aged between 50~60 years old. 

This means that 92.3% of respondents were 50 years old or older. An analysis of 

respondent educational achievement revealed that 57.6% were high school 

graduates or equivalent, 42.4% were junior high school graduates or lower. An 

analysis of the length of the respondent’s farming career revealed that 67.0% had 

in excess of 35 years as a farmer. An analysis of the residential regions of the 

respondents revealed that  43.9% resided in semi-mountainous regions, 34.7% 

resided on the plains, 13.6% resided in  mountainous areas, and 7.7% resided in 

the suburbs <Table 4-14>. An analysis of acreage revealed that 52.9% farmed 

acreage of between 0.5~2 ha. 

 For statistical analysis of the survey data, SPSS 18.0 was used along with 

frequency and cross-analysis. For the statistical significance of the cross-analysis, 

χ2 verification was used.  
 

Table 4-14.  Socio-economic Characteristics of the Respondents  

Unit: Persons, % 

Items No. of Answers Percentage 

Age 

Younger than 40 years 8 2.0  

40-50 years 23 5.7  

50-60 years  93 23.1  

60-70 years 114 28.3  

Older than 70 years 165 40.9  

Education 

Elementary school graduates 37  9.2  

Junior high school graduates 134  33.3  

High school graduates 181  44.9  

University graduates 51  12.7  

Career 

Less than 5 years 10 2.5 

5-15 years 16 4.0 

15-25 years 29 7.2 

25-35 years 78 19.4 

More than 35 years  270 67.0 
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Table 4-14.  Socio-economic Characteristics of the Respondents (continued) 

Unit: Persons, % 

Items No. of Answers Percentage 

Acreage 

Less than 0.5 ha  32 7.9 

0.5-1 ha  62 15.4 

1-1.5 ha  88 21.8 

1.5-2 ha  63 15.6 

2-2.5 ha  33 8.2 

More than 2.5 ha  125 31.0 

Residential 
Region 

Plain 140 34.7 

Mountainous region 55 13.6 

Semi-mountainous region 177 43.9 

Suburb 31 7.7 

Total 403 100.0 

 

4.2. Survey Results  
 

4.2.1. Actual Conditions of Adaptation to Climate Change 

Ninety-two point three percent (92.3%) of the respondents answered that they 

acknowledged the existence of climate change (abnormal weather). Of them, 46.4% 

answered that the impacts of climate change on the future agricultural production 

would be ‘negative’ and 17.6% answered ‘very negative’ <Figure 4-19>. Thus 64.0% 

of the respondents who acknowledged climate change % consider it negative.  

 

Figure 4-19.  Recognition of the Impact of Climate Change (Abnormal Weather) 

<Extent of Recognition of Climate Change> 

 
Note: The answer ‘No’ was included in ‘Usual.’ 

  

Usual 

Recognized

Recognized a lot
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<Impact on the Future Agricultural Production> 

 

 
Figure 4-20.  Impact of Different Types of Abnormal Weather on the Yield 

<Drought during the Rice Transplantation Season> 

 

<Class A Hurricane & Localized Torrential Rain during the Ripening Stage> 
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Decrease by 5~10%

Decrease by less than 5%

Almost no impact

Decrease by 15% or more
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<Abnormally High Temperature during the Ripening Stage> 

 

 

The tables above indicate that, in terms of damages to the yield of Korean rice due 

to abnormal weather, Class A hurricanes and localized torrential rain during the 

ripening stage would do the most damage, followed by the abnormally high 

temperatures during the ripening stage and drought during the rice transplantation 

season<Figure 4-20>. The percentage of respondents who considered that the yield 

would decrease by 10% or more due to a Class A hurricane and localized torrential 

rain during the ripening stage amounted to (64.8%), due to abnormally high 

temperatures during the ripening stage (30.8%), and due to drought (24.3%). It 

appears that damages due to drought are less than the damages by hurricanes and 

localized torrential rain given that Korea is relatively well prepared against drought, 

with many tube wells, water pumps and reservoirs across the country. 

 

Figure 4-21.  Current Status of Accommodation of Adaptation Technologies for 

Abnormal Weather 

<Class A Hurricane & Localized Torrential Rain during the Ripening Stage> 

 
 

Others 

Install windbreakers 

Adjust the fertilizer amount 

Erect the rice plants 
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Decrease by 15% or more
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<Drought during the Rice Transplantation Season> 

 

 
With regards to  the current status of abnormal weather adaptive technology 

acceptance, (45.2%) of farmers considered water management (in order to ameliorate 

damage due to hurricane and localized torrential rain during the ripening stage) to be 

the most important measure. By contrast (27.2) cited fertilizer dose control (14.8%) 

cited pesticide application and (10.1%) advocated erecting rice plants. It seemed that 

erecting rice plants was not favored by farmers as it involved a labor force and thus 

was not very effective. As for measures used to battle the effects of drought during 

the rice transplantation season, it was shown that water pumps, reservoirs, wells were 

all used at similar percentages.  

 

4.2.2. Opinions about the Government’s Climate Change Adaptation 
Plans 

Farmer attitudes to the government’s climate change adaptation plans were 

surveyed for the following items: technical measures, infrastructure management, 

agricultural weather information, and education and promotion. Firstly with regards 

attitudes to technical measures were rated in the order of 72.5%) responded most 

favorably to the ‘development of new varieties’. This starkly contrasted with (8.7%), 

for the ‘development of adaptation measures such as rice-planting machines and 

harvesters’ (6.9%) for the ‘development of pest and weed control techniques’ (8.2%) 

for the ‘development of  technology to stabilize production under high temperature 

conditions’ (8.2%) <Figure 4-22>. 

  

Others

Utilize reservoirs

Adjust the rice planting period

Utilize water pumps

Utilize tube wells
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Figure 4-22.  Adaptation through Technical Measures 

 
 

Secondly, with infrastructure management, 62.5% of farmers surveyed cited 

‘modernization of the agricultural infrastructure’ as being the highest priority <Figure 

4-23>. This was in contrast to the 19.6 for the ‘development of the technology and 

equipment to save agricultural water’ (19.6%), the (11.9%) for ‘expansion of the 

irrigation facilities’ and the (5.5%) for the ‘accurate calculation and management of 

water resources’. 

 

Figure 4-23.  Adaptation through Infrastructure Management 

 

 
For adaptation through the agricultural weather information, 40.1% of respondents 

selected the ‘continuous improvement of accuracy’ as being of the highest priority. . 

By contrast (25.3%) selected ‘development of techniques to identify disaster-risk 

areas and forecast techniques’, and (19.6%) opted for ‘development of an early 

warning system’ <Figure 4-24>. 
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Figure 4-24.  Adaptation through Agricultural Weather Information 

 
 

With regard to farmer experience on education on how to cope with abnormal 

weather (including localized torrential rain and abnormally high temperature) 50.6% 

of respondents answered they were ‘never educated’.43.9% stated ‘1~2 times’ with 

only 4.5% stating, ‘3~4 times'. This result showed that there was no proper system 

for educating the farmers on how to cope with the abnormal weather <Figure 4-25>. 

 

Figure 4-25.  Education to Cope with Abnormal Weather 

 
 

With regards to public relations and training, 30.0% of respondents selected 

‘training of farmers with information about climate change’ as being of the highest 

priority. This contrasted with, 22.3% for ‘training on cultivation techniques for new 

varieties’ and (21.3) for the ‘development and distribution of the adaptation measure 

manual and data’. On the topic of the teaching method by which farmer could 

develop expertise on climate change, the overwhelming number, some (78.4%) 

farmers chose ‘agricultural education through the agricultural technology center’. By 

contrast only 12.2% chose ‘consultation by the expert’ <Figure 4-26>.  
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Figure 4-26.  Adaptation through Public Relations and Education 

<Adaptation through Public Relations and Education> 

 
<Method of Learning to Develop the Expertise> 

 

 
4.2.3. Opinions about Plans to Stabilize Food Supply 

With regard to the impact of climate change on food supply, 61.3% of farmers 

described it as being ‘negative’ (42.2%) or ‘very negative’ (19.1%) <Figure 4-27>.  

 

Figure 4-27.  Impact of Climate Change on Food Supply 
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With regards plans to stabilize the food supply, 65.8% of farmers cited 

‘improvement of grain self-sufficiency rate’ as having the highest priority. This 

contrasted with (17.4%) for ‘expanding the domestic grain consumption’, (8.2%) for 

‘securing stable foreign import sources’, and (7.7%) for the ‘development of 

overseas farms’ <Figure 4-28>. For plans to improve the grain self-sufficiency rate, 

40.90 cited ‘support for marketing including the government purchase policy’ as 

being the highest priority. By contrast (33.3%) chose ‘establishment or expansion of 

direct payment program’, (11.9%) chose the ‘development and distribution of the 

climate change response technologies’ and (10.4%) chose ‘reduction of the feed 

grain imports by securing coarse fodder.’ 

 

Figure 4-28.  Plans to Stabilize Food Supply and Improve the Grain Self-

Sufficiency Rate 

<Food Supply Stabilization> 

 

<Improvement of Grain Self-sufficiency Rate> 
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4.3.  Analysis of the Willingness to Accept the Adaptation 

Technology 
 

4.3.1. Analysis Model and Data 

Based on the survey data, the impact of climate change on farmer willingness to 

accommodate climate change adaptation technologies was analyzed. When the 

dependent variable had three or more categories and took an ordinal form, using the 

ordinal logistic regression model derived significant results. With regards to the 

farmer’s willingness to accommodate a variety of adaptation technologies, five 

categories were used: ‘very likely,’ ‘likely,’ ‘maybe,’ ‘not likely’ and ‘never.’ 

If the ordinal logistic empirical analysis model was set with three ordinal 

categories for the willingness such as ‘very likely’, ‘likely’ and ‘maybe,’ it would be 

as shown in <Equation 16>. In this study, <Equation 16> was used for estimation, 

along with SPSS 18.0. 

 

log  
  (    	      )

  (      ) +   (        )
 = α +α    + α          

+ α            	         	 ℎ    	      + ⋯ 

 

log  
  (    	      )   (      )

  (        )
 =   +     +            +

             	         	 ℎ    	      +⋯ (16) 

 

The survey of the farmers’ willingness to accept the adaptation technology was 

conducted for 403 rice growers. Of these 403 farmers, six responded that they would 

not accept. This left the responses of 397 farmers for analysis. The following 

dependent variables were used: For the farmer’s response being ‘very likely’ to 

accept, the variable was set to 2; for ‘likely,’ it was set to ‘1’; and for ‘maybe,’ it was 

set to 0, respectively. The explanatory variables considered were age, education, 

level of farmer’s responsiveness to climate change (abnormal weather), level of 

recognition of the impact of future climate change, level of utilization of weather 

forecast, and extent of the impact of climate change on food supply. 

The dependent variable ‘age’ referred to actual age of the respondents. For the 

education variable, ‘elementary and below’ was set to 1, ‘junior high school graduate’ 
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to 2, and ‘high school graduate,’ ‘college graduate’, and ‘graduate school’ were set 

the same way. The level of recognition of climate change was measured with the 

variable of 1 for ‘do not recognize it at all,’ 2 for ‘do not recognize it,’ and the same 

rule applied to ‘moderate’, ‘recognize it’ and ‘recognize it a lot.’ The level of 

recognition of the impact of future climate change referred to what impact the 

respondents thought the climate change would have on the future agricultural 

production. The variables were set to 1 for ‘very positive,’ 2 ‘moderate,’ 3 ‘negative’, 

and 4 ‘very negative.’ 

The level of the farmers’ responsiveness to abnormal weather referred to how well 

the farmers though they would respond to abnormal weather in comparison to the 

neighboring farmers: 1 for ‘not at all’ and 2 ‘no’ and went to the same way for 

‘maybe’, ‘likely’, and ‘very likely’. The level of utilization of weather forecast 

referred to how much the farmers used the weather forecast information: 1 for ‘not at 

all’ and 2 ‘not much’ and went to the same way for ‘moderate,’ ‘much,’ and ‘very 

much.’ 

 

4.3.2. Analytical Results 

The result of estimation by the ranked logit model for the farmer’s willingness to 

accept to climate change adaptation technologies is shown in <Table 4-15>. 

According to the result, after the variables were input, -2Log-Likelihood was 

595.347 and χ2 statistics was 799.487 and the significant probability for the χ2 

statistics was 0.094, proving that the goodness of fit to the model was high.  

However, the ranked logit model has the disadvantage that the estimates do not 

represent the marginal effect. Here, the odds ratio (odds ratio) indicating the relative 

possibility of probability of random events to occur was used to explain the marginal 

effect. Main estimation results are described below. 

The signs for age and education were shown to be as expected, but the significance 

levels appeared statistically low for both. The levels of recognition of climate change 

and of the climate change impact on future appeared to have positive signs at the 

significant levels of 1% and 10% respectively. Their odds ratios were 1.923 and 

1.244, respectively. This result can be interpreted as that the likelihood for 

accommodating the climate change adaptation technology would become 1.9 times 

and 1.2 times larger, respectively, if the corresponding variable was increased by one 

unit.  



 
 
 

Impacts of Climate Change on Food Supply  115 

 

The level of responsiveness to abnormal weather had a positive sign and appeared 

to be significant at the level of 5% or less. Its odds ratio was 1.440, which can be 

interpreted that the probability of adopting the adaptation technology would increase 

1.4 times higher than the probability of not adopting it if the level went one unit up. 

The level of utilization of the weather forecast information also had a positive sign 

and appeared to be significant at the level of 1% or less. Its odds ratio was 1.657, 

which can be interpreted that the probability of adopting the adaptation technology 

would increase 1.7 times higher than the probability of not adopting it if the weather 

forecast information utilization level went one unit up. 

 

Table 4-15.  Analysis of the Farmers’ Willingness to Accept the Adaptation 

Technology 

Variable 
β  

Estimate 

Standard 

Error 

Wald 

Statistics 

Odds Ratio 

Estimate Lower Limit Upper Limit 

Marginal 

Value 

Constant Term 1 3.839*** 1.434 7.169 46.486  2.798  772.294  

Constant Term 2 7.729*** 1.485 27.084 2272.453  123.708  41743.731  

Position 

Age -0.008 0.012 0.440 0.992  0.970  1.015  

Education 0.169 0.143 1.389 1.184  0.894  1.568  

Climate Change  

Recognition Level 
0.654*** 0.191 11.737 1.923  1.323  2.795  

Future Climate Change 

Impact Recognition 

level  

0.219* 0.115 3.639 1.244  0.994  1.558  

Level of 

Responsiveness to 

Abnormal Weather  

0.364** 0.157 5.366 1.440  1.058  1.959  

Level of Utilization of 

Weather Forecast 
0.505*** 0.175 8.314 1.657  1.175  2.335  

Goodness of Fit to the Model 

-2Log-Likelihood: 595.347 

Chi-Square(x2): 799.487 

(P=0.094)  

Note: 1) ***, **, and * represent statistical significance at the levels of 1%, 5%, and 10% 

respectively. 

2) Wald statistics are used for verifying the significance of the regression coefficient of 

each covariate.  

3) The odds ratio represents the relative possibility of the probability that a random 

incident happens, which explains the marginal effect.  
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4.4.  Farmer’s Capacity to Adopt Adaptation Technology 

and Its Implications for Food Supply System 
 

4.4.1. Summary of the Analytical Result 

It was shown that farmers who had grown rice for many years clearly recognized 

the climate change phenomena and expected that coming climate change would have 

a very negative impact on future agricultural production. Of the many kinds of 

abnormal weather phenomena they considered that hurricanes and localized 

torrential rain were more damaging drought. Given this, they considered water 

management to be most important in reducing damage caused by hurricanes and 

localized torrential rain. 

The government’s climate adaptation measures were surveyed for the following 

four categories: technical measures, infrastructure management, agricultural weather 

information, PR and education. For each of the four categories, the farmers rated the 

following as being the most important: to develop new varieties, to modernize the 

agricultural infrastructure, to improve the accuracy of agricultural weather 

information, and educate the farmers on climate change information. Though it 

appeared that the farmers utilized the weather forecast by KMA to some extent, it 

was also shown that they rarely had any training on the technology designed to cope 

with abnormal weather; including drought, localized torrential rain, and abnormally 

high temperatures. Therefore, there is a need for the systematic education and 

training of farmers in the future.  

The answers demonstrating farmer awareness of the negative impacts of climate 

change on food supply showed that 61.3% of farmers were aware of global warming 

and deemed its future impact to be negative. They considered the following as 

necessary measures to stabilize food supply: to increase the grain self-sufficiency rate, 

to increase the domestic grain consumption, and to secure the overseas import 

sources. As to measures to increase the grain self-sufficiency rate, they assessed the 

following important: to support the marketing by means of government purchase 

program, to establish or expand the direct payment program, to develop and 

distribute the climate change response technology, and to reduce feed grain imports 

by securing the coarse fodder.  

Analysis of the farmer’s willingness to accept climate change response technology 

showed that the following were the factors that increased their willingness to do so: a 
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higher education level, the more negative view they had of climate change’s negative 

impact, the more experience they had in minimizing damage by actively utilizing 

both the climate change adaptation technology and the weather forecast information.  

 

4.4.2. Implications 

The result of analysis of the survey on the current status of adaptation to climate 

change, including abnormal weather, suggests the following:  

First of all, if a stable food supply is to be secured, it is necessary to support farmer 

adaptation to climate change. Given this, the first priority is to develop new varieties 

and cultivation techniques. 

Second, first and foremost, it is necessary to implement measures to improve the 

grain self-sufficiency rate.. There is a need to implement proper stockpiling and 

incentive policies including: increasing the amount of purchases for the rice stockpile, 

increasing the stockpile size, increasing the bean purchase, supporting marketing, 

including the introduction of a market-price purchase, and to establish, or expand, the 

direct payment program. 

Third, as it appeared that negative impacts of abnormal weather on the rice yield 

were in order of decreasing severity caused by hurricanes, localized torrential rain, 

abnormally high temperature, and drought. Given this, and the expectation that 

extreme weather would be more frequent and severe in the future, it is necessary to 

establish and implement specific and differentiated strategies to cope with different 

types of abnormal weather. Policies to cope with the damages should be prioritized 

according to type. In other words strategies to cope with localized torrential rain, i.e. 

water management, should take precedence over those strategies for coping with the 

damages by drought. For effective water management, it is deemed necessary to 

modernize the agricultural infrastructure (water main, drainages, and reservoirs, etc.) 

as shown in the survey research. As the climate change would be accelerated in the 

mid- to long-term, it will be necessary to get prepared to cope with the damages by 

scarcity of water or drought. 

Fourth, the survey result showed that the financial damage caused by climate 

change, especially due to the abnormal weather, was fairly large, similar to the result 

of analysis of the impact of abnormal weather on rice yield. In other words if farmer 

financial vulnerability to climate change (abnormal weather) is not properly coped 

with, it may result farmer bankruptcy. Should this be a widescale occurrence and 
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many farmers go bankruptcy simultaneously, it could lead to the collapse of the 

nation’s agriculture base. As this will certainly upset the stability of food supply, the 

government should become actively involved and adequately compensate farmers 

for their loss (Hwang and Lee, 2008). Therefore, it is expected that an insurance 

program, as a post-measure, will be established (Kim, et al., 2009). For hurricanes 

and localized torrential rain in particular, a fairly high percentage of respondents 

answered that the yield would decrease by 15% or more. It is therefore necessary to 

design and develop insurance products that will permit farmers to receive substantial 

benefits.  

Fifth, in order to secure stable food supply through the increasing adoption of 

climate change adaptation technologies at the farm level, it is first necessary to raise 

the farmers’ awareness of climate change and its negative influences and to follow 

this up with comprehensive education for farmers on climate change. The survey 

result showed that the farmers deemed agricultural education through agricultural 

technology centers and other related agencies to be the most appropriate. It will be 

necessary to advertise stories of farmers who had succeeded in minimizing the 

damages by actively accommodating the climate change adaptation technology. It 

will also be necessary to increase the utilization of meteorological information by 

enhancing the accuracy of the agro-meteorological information.  

Sixth, taking into account the likelihood that climate change would not only have a 

negative effect on domestic sources of supply, but also on major grain production 

areas overseas ones as well, it is it is necessary to strengthen the international 

cooperation if a stable food supply for Korea is to be secured.  
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The impacts of climate change on food supply, as well as the proposed 

countermeasures to limit those impacts, have been actively discussed by international 

organizations and major countries. As a result, several policies have been proposed. 

Chapter 5 presents the discussion trend among the international organizations such as 

OECD as well as research undertaken by major countries including the United States, 

the EU, Japan, and Australia, with respect to the impact of climate change impact 

analysis and countermeasures. With respect to the US case, the climate change 

impact analysis and countermeasure suggestions produced by the Economic 

Research Institute under the US Department of Agriculture, were examined. With 

respect to the EU case study, the step-by-step countermeasures proposed by the 

European Commission and major adaptation measures they presented were both 

discussed. For Japan, the adaptation measures for each crop and the step-by-step 

countermeasures for food crisis, established on the basis of the results of scientific 

research conducted by the Institute of Agriculture and Environmental Technology, 

were studied. With respect to Australia, the key contents of their climate change 

research program for effectively coping with climate change, was presented here.  
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1. Trend of Discussions among International 

Organizations and Future Tasks 
 

 

1.1. OECD 
 

1.1.1. Overview of Discussion 

The OECD initiated discussion on the countermeasures to climate change in the 

agricultural sector, for the first time at the Joint Working Party of the Agricultural 

Environment Policy Committee, held during the occasion of the 23rd conference, 

which took place in June 2006. By the end of 2008, climate change had not been 

selected as part of the main agenda. However, full-fledged discussions on adaptation 

to, and mitigation of, climate change have been carried out since the 28th JWP 

conference, which took place July 2009.  

Starting with the 28th JWP in 2009 until the 34th JWP in November 2012, the 

OECD discussed various climate change agenda items including, but not limited to, 

policy instruments for climate change adaptation and mitigation, impact analysis 

models, land-use change, carbon quantification and footprint system, mitigation 

measures in the livestock sector, green growth, farmers’ behavior management 

techniques, crop insurance for risk management, resilience buildup, and agricultural 

water issues. 

 

1.1.2. Impacts of Climate Change and Adaptation 

Based on 4th IPCC Climate Change Assessment Report, global temperatures are 

expected to rise by 1.4~5.8ºC depending on which of the future scenarios are used. It 

has been suggested that these temperature rises will hugely impact crop growth. 

The OECD has discussed the uncertainties related to the impact of climate change 

in the agricultural sector. It also explained uncertainty as to the extent of climate 

change, the uncertainty surrounding the fertilizer effect and biological reactions due 

to increases in CO2 concentration as well as the uncertainty surrounding how 

societies will respond to the anticipated changes. In addition, the OECD has raised 

some issues connected with precipitation and agricultural water due to climate 

change. 



 
 
 

Case Study of International Organizations’ and Major Countries’ Countermeasures  121 

 

The OECD set forth a wide range of climate change adaptation methods for the 

agricultural sector. Its member countries divided the methods they were using to 

adapt to climate change into the following three streams (OECD, 2009). 

1) Reducing the sensitivity to climate change 

2) Altering the exposure to risk 

3) Increasing the resilience 

 

In order to maintain a stable agricultural production in response to climate change, 

it is essential to find ways to adapt to climate change. The OECD proposed 

technology development, technology adaptation, policy programs and insurance and 

financial management for farmers as viable adaptation measures <Table 5-1>. 

 

1.1.3. Climate Change and Food Supply 

The OECD has conducted intensive discussions about the analysis of climate 

change impacts on food supply. The climate change phenomena, which take 

the form of extreme weather, such as floods, drought, heat waves and 

hurricanes, have become both more frequent and more severe. The OECD 

noted that these ‘symptoms’ have a negative impact on food production. 

Temperature is a crucial factor in determining the growth of crops, as it has a 

huge impact on the timing of crop growth and the efficiency of solar radiation. 

With respect to the relationship between temperature rise and crop growth, 

when the temperature exceeds the threshold level, the crops simply stop 

growing. Until the optimum temperature is reached the crop growth increases 

almost linearly but after the optimum temperature is exceeded, it appears to 

decrease nonlinearly. 

The OECD emphasizes the importance of risk management and insurance to 

establish a stable food supply system. By assuming certain climate change 

scenarios, they are leading active discussions, whose goals it to establish 

prudent risk management measures, taking into account the uncertainties in the 

agricultural sector. The OECD Trade and Agriculture Bureau is undertaking in-

depth discussions on behalf of three OECD countries, namely Australia, 

Canada and Spain. The goal of these discussions is to formulate a policy 

assessment regarding a risk management strategy for climate change. The 

policy assessment covers the following: individual yield insurance to mitigate  
  



 
  
 
122  Case Study of International Organizations’ and Major Countries’ Countermeasures 

 

Table 5-1.  Climate Change Adaptation Inventory for the Agricultural Sector for 

Stable Food Production 

Adaptation  Case Implementation 

Technology 
Development 

Development of New 
Varieties 

• Public and private investments in the development of 
new varieties and crossbreeds to increase tolerance to 
water stress and heat stress 

Water and Weather 
Information System 

• Public and private investments in monthly and seasonal 
weather forecasts and early warning systems 

Innovation of 
Resource 
Management 

• Public and private investments water resource 
management innovation, with the focus on seasonal 
tendency of moisture shortage, drought risk, and 
precipitation change  

Technology 
Adoption 

Innovation of Farm 
Production 

• Diversification of crop types and varieties including 
crop transition  

• Diversification of livestock types and breeds, and 
seasonal change of feed lot management methods 

Land Utilization 
Change 

• Change of arable lands and livestock production lot 
• Crop rotation using the fallow land, with the focus on 
climate change related economic risks 

Irrigation  
• Irrigation farming methods to avoid repeated drought 
risks 

Management Timing 
• Change in farm management timing including changes 
to the cultivation period, depending on temperature and 
precipitation 

Government 
Program & 
Insurance 

Agriculture Support 
Program 

• Improvement of farm management techniques through 
crop insurance program, special compensation for 
extreme climate events and disasters, and 
supplementation of incentive programs 

Private Insurance 
• Encouragement of a private insurance market for 
production, infrastructure and income 

Supplementary 
Resource 
Management 
Program 

• Development of public policies for water resource 
protection and conservation 

Farm Finance 
Management 

Private Crop 
Insurance 

• Adoption of private crop insurance or income insurance 

Diversification of 
Crop Composition 
and Stabilization of 
Future Income 

• Diversification of farmers’ income sources by 
including options that are less weather sensitive 

Source: OECD (2009), OECD (2011c). 
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the shock of any sudden decrease in the yield, area yield insurance to cover the 

decrease in the average yield, weather index insurance based on the 

development of a rainfall index, and an ex-post payment to cope with the 

occurrence of large-scale disasters (OECD, 2011d). In particular, as a means of 

coping with the problems of moral hazard and selection with regards to 

insurance, weather index insurance has been suggested. The Insurance weather 

index insurance pays insurance based on the value obtained from the weather 

index. This insurance is based on the weather indices such as precipitation and 

temperature, which have a close correlation with the crop yield. When a key 

variable exceeds the threshold, the corresponding weather index gets worse and 

thus the insurance payout rises. Therefore, if the weather index insurance is 

enforced, the advantage would be that less administrative expenses would be 

required.  
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1.2. FAO 
 

1.2.1. Overview of Discussions 

The FAO began lively discussions in this field from the early 1990s, by 

establishing climate change, biodiversity, and food security as its key agenda. Most 

especially, with regards to agricultural development in developing countries, which 

are more vulnerable to climate change, it proposed and presented climate-smart 

Agriculture in 2011 has since emphasized its importance. The three core axes of the 

FAO’s Climate-Smart Agriculture are as follows: ○1  the continuous increase in 

farmer productivity and income, ○2  the mitigation of greenhouse gas emissions (by 

utilization of the greenhouse gas absorption function), and ○3  reinforcing resilience 

to climate change and its variability. Climate-smart Agriculture focused on food 

supply and food security, and provided various guidelines by relating them to climate 

change.  

 

1.2.2. Climate Change and Food Supply 

The FAO not only analyzed the impact of climate change on food supply and food 

security but also suggested countermeasures for coping with climate change. Amid 

concerns that both local and global food supply would be reduced due to changes in 

temperature and precipitation systems, it requestedmid-to long-term changes in 

behavior to prevent them. 

The FAO emphasized that it was important to achieve the following three goals in 

order to enhance food supply and to ensure food security. In addition, it proposed the 

adaptation schemes for each goal (FAO, 2008). 

1) Protect the regional food supply, regional assets and the life of the region to 

prepare for the intensification of meteorological variability and increases in the 

frequency and intensity of extreme weather. General risk management is also 

required to protect the regional food supply and the regional assets and life. In 

terms of risk management, it is important to conduct risk management 

appropriate to the ecological nature of oceans, coasts, inland water, plains, 

forested regions, dry regions, islands, and mountainous areas. For this, crop 
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varieties and seeds that can adapt to the changing climatic conditions, as well as 

any associated technology, should be researched, developed and distributed.  

2) Use agricultural water and energy efficiently and improve the management of 

agricultural land and livestock, so as to avoid any decrease in regional and 

global food supply due to temperature and precipitation changes. 

3) Protect the ecological system that provides environmental services, by taking 

into consideration the possibility of seeding forests in marginal land, land with 

low productivity by producing alternative fuel like cellulosic biomass. It is 

necessary to protect river watersheds, prevent land quality degradation, and 

conserve biodiversity. The protection of ecosystem is important not only for 

preserving the ecosystem itself but also for increasing the food supply capacity 

by preparing against climate change and by enhancing the adaptation and 

resilience of the agricultural sector. 

 

The FAO presented a framework for the selection of adaptation measures and 

development of strategies. The framework takes into consideration legal and 

institutional factors, policy and planning factors and lifestyle factors. To such 

considerations, the arable farming, animal husbandry, forestry, fisheries, and 

integrated agricultural system elements are added. The climate change adaptation 

process as well as carbon fixation and fossil fuel substitution technology should be 

considered too. 

It presented five steps for the selection of adaptation measures: First, seek for 

possible adaptation measures; converge and analyze the opinions of each region 

about those measures, and improve the measures based on the analysis; synthesize 

the adaptation measures appropriate for the characteristics of each region; validate 

them scientifically; and then, decide the priority of each adaptation measure for the 

corresponding community and select adaptation measures to be applied immediately 

<Figure 5-1>.  

The FAO presented the Climate-Smart Agriculture to cope with climate change 

and prepare for food supply and food security. The Climate-Smart Agriculture refers 

to the transition to sustainable farming in order to adapt to climate change, mitigate 

vulnerabilities and reduce greenhouse gas emissions. The FAO also emphasized that 

Climate-Smart Agriculture would increase the efficiency of the production system, 

improve both resiliency and adaptability, and induce a reduction in greenhouse gas 

emissions. As critical means for achieving this in each sector, it presented techniques 
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for managing soils and nutrients, managing water, controlling pests control, building 

resilient ecosystems, securing genetic resources, and managing harvesting, 

processing, and supply networks for agricultural products, including food crops. 

 

Figure 5-1.  Process of Selecting Climate Change Adaptation Measures 

 

Source: FAO (2008). 

 

 

2. Case Study for Major Countries’ 

Countermeasures  
 

 

2.1. United States 
 

The United States has 411 million ha of arable land, which is about 45% of its 

total land area, set in various climatic zones across the country. The United States 

occupies a considerably important position in the world’s food supply. More than 

30% of wheat, corn, and barley on the international grain market is exported from 

the United States. Climate change phenomena such as temperature rises, increases 

in CO2 concentration, and more frequent and intense abnormal weather can have a 

significant impact on crop yield. Therefore, the fear is should yields from the 

Collect and analyze the regional opinions, and improve 
the adaptation measures. 

Synthesize the adaptation measures that meet the 
regional characteristics. 

Scientifically validate the adaptation measures. 

Determine the regional priorities and select the adaptation 
measures to be applied to the field. 

Develop 
possible 

adaptation 
measures. 
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United States, a major grain exporting country, chnge, this will create increasing 

price uncertainty of prices on the world grain market. This will disrupt both 

domestically sourced and internationally sourced food supplies.  

The Economic Research Service under United States Department of Agriculture 

(USDA-ERS) analyzed and predicted the impact of climate change on crop 

production. For analysis, it applied four climate change scenarios and used the 

Regional Environment and Agriculture Programming (REAP) model.34 The REAP 

is an endogenous repair plan program, which is used for analyzing how changes in 

technology, the demand and supply of agricultural products, farms, environment, 

and trade policy affect the performance index, by setting relevant scenarios. 

Depending on scenarios, the impact of climate change on the average yield of the 

crop appeared similar to each other except for some crops. For major food crops, 

the yields of barley, rice and wheat were expected to increase while those of corn 

and soybeans were expected to decrease <Figure 5-2>. For rice, a slight increase in 

the yield was expected. This could be because California and Arkansas, the main 

rice producing regions, were not significantly affected by the negative impact of 

climate change, compared to other regions. 

The US Environmental Protection Agency (EPA) emphasized that it was 

necessary to change the agricultural techniques in order for the US agriculture to 

adapt to the expected changes in weather pattern, that is, to new climate conditions. 

As the adaptation measures related to food supply, the EPA suggested (1) to 

increase the diversity of crops depending on the changes in temperature and 

precipitation patterns, (2) to minimize the potential impact of seasonal water 

shortage by conducting water retention and soil moisture conservation methods, 

and (3) to develop pest-resistant varieties. 

The USDA suggested a resilient food supply plan in response to climate change: 

1) First, it is important to provide farmers with weather information obtained 

through monitoring, so that the farmers can adjust their farming techniques 

using the information for a wide range of patterns created through satellite 

monitoring.  

                                                                          
34 The US Regional Environment and Agriculture Programming (REAP) model for seeking the 

adaptation measures for climate change is an update of US Mathematical Programming Regional 
Agriculture Sector Model (USMP) developed by Economic Research Service, ERS) in 1985. Detailed 
information about its operating system, analysis results, and future direction is presented in the US Trip 
Report (2012. 9. 16~9. 23).  
(http://www.krei.re.kr/kor/hongbo/btrip_view.php?bt_idx=9962&cpage=1&) 
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Figure 5-2.  Changes in the Average Yield in Each Climate Change Scenario 

Source: Malcolm et al. (2012). 

 

2) Government’s support programs are needed. There is a need to amend the 

program of support programs and subsidies to encourage farmers to adopt 

innovative farming techniques so as to prevent crop damage. 

3) It is necessary to develop and disseminate crops that are highly resistant to 

drought, heavy rain and flood. In this regard, the USDA is running the 

Environmental Quality Incentives Program (EQIP), which induces the farmers 

to plant crops that require less water to prepare for drought. Introduction of 

drought-resistant crops induces increased water retention. The USDA invested 

$60 million in nine states in 2010, to support 28 projects, and has achieved a 

significant water conservation effect. The state of Colorado has monitored the 

water usage in real time, using the technology supported under EQIP. This 

monitored water usage information helps farmers make decisions regarding 

the water usage, when to apply irrigation water, and introduction of irrigation 

facilities. 
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4) Should winters be mild or spring comes early due to temperature rises, the pest 

survival rate will go up. More pests will inevitably result in increased damage 

to crops. Therefore, development of pest resistant crop varieties is required.  

 

The United States has conducted various programs to maintain and increase food 

production by promoting biodiversity and resilience through natural resource 

management. Representative programs are EQIP and Conservation Stewardship 

Program (CSP), which contribute to ensuring stable food supply through adaptation 

to climate change. The EQIP is a voluntary program that provides financial and 

technical support for the enforcement of conservation farming. Farmers can 

participate in this program for up to 10 years, for byproduct management, irrigation, 

water management, nutrient management, crop rotation, and cover crop cultivation. 

The CSP is a program that provides financial support for the purpose of conserving 

and improving soil, water, air, and energy. Farmers can get a subsidy from the state 

when they have implemented the conservation efforts for the contract period of five 

years or more.  
 

 

2.2. EU 
 

The EU is expected to have different climate change phenomena and influences 

depending on the regions. The Western Europe areas including Britain and France 

seem to be witnessing increased precipitation in winter, sea level rise, and hot and 

dry summers. Despite some positive effects in Northern regions, such climate change 

phenomena are still expected to have a negative impact overall. For the Southern 

regions, such as Spain and Italy, temperature rises, annual precipitation decreases, 

and reduced water availability are expected, resulting in increased risk of drought and 

increased heat pressure <Figure 5-3>. As a result, it is expected that crop yields will 

decrease and that the number of crop varieties suitable for cultivation will also be 

reduced. 

The European Commission has set the goal for climate change adaptation 

strategies to improve the resilience. The resilience improvement strategy respects the 

principle of subsidiarity while supporting the EU’s goals on sustainable development. 

The goal is implemented in two phases; Phase 1 from 2009 to 2012 and Phase 2 from  
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Figure 5-3.  Prospect of the Potential Climate Change Impact in the EU Regions 

 

Source: European Commission (http://ec.europa.eu/climate-change) 

 

 

2013 and afterwards. The basis for adaptation strategies to be performed were 

presented in Phase 1. 

1) In Phase 1, the EC promoted strengthening of the international cooperation for 

coordination and adaptation of various policy means (market incentive devices, 

guidelines, public-private partnership, etc.) for effective adaptation, including 

building up the knowledge basis for climate change impact within the EU and 

the EU’s adaptation strategies for the EU’s major policy fields.. The 

implementation tasks for Stage 1 includes developing the monitoring indices 

for climate change impacts by 2011, analyzing and evaluating  relative cost-

effectiveness from among the various adaptation means on offer, and 

enhancing the resilience of agricultural policy, as well as policies related to  

biodiversity, ecosystems, and water.  

2) Phase 2 European Adaptation Strategy (EAS) is scheduled to begin in March 

2013. The purpose of the EAS is as follows:  
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① Qualitative and quantitative improvement and dissemination of the 

adaptation-related knowledge information 

② Supports and exchanges among member countries, regions, cities, and 

stakeholders 

③ Development of initiatives to integrate climate change adaptation policies 

into EU policies 

④ Induction of the private and the public adaptation behaviors 

 
 

Table 5-2.  EU’s Major Adaptation Measures against Climate Change Risks 

Risk Adaptation Measures 

Drought and Water 
Shortage 

• Expand irrigation facilities and improve water efficiency. 
• Increase the use of compost to prevent pest damage. 
• Switch crops to less water intensive varieties. 
• Adopt and develop new heat resistant, like legumes. 
• Improve soil structure to increase soilwater retention capability.  
• Store rainwater during the winter season. 

Increased Flood 
Risk 

• Improve soil drainage to reduce the flood damage. 
• Provide information about flooding. 
• Enhance soil water absorbency through the improvement of soil 
structure and farm drainage maintenance. 

• Seed and expand forests to act as a buffer during heavy rains. 
• Government’s compensation and support for the farm management. 

Reduced Crop 
Productivity 

• Plant heat-resistant crop varieties. 
• Plant legumes in early autumn or early spring, so that it may ripen 
before summer temperatures spike.  

• Study the improvement of crop varieties with higher productivity.  

Reduced Crop 
Quality 

• Install the thermal cutout devices to prevent heat press, and use 
monitoring devices like thermometers.  

Increased Pests and 
Weeds 

• Diversify crops reducing pest damage susceptibility.  
• Reduce blight and pest damage by installing thermometers and 
ventilation systems in greenhouses.  

• Measure the risk of blight and pests, research into the prevention and 
control of blight and pests, and apply the control techniques in the 
field.  

Farmer’s 
Accommodation of 

Adaptation 
Measures 

• Educate the farmers with proper knowledge about how to adapt to 
climate change and encourage them to introduce new farm 
management methods and technology, through the Farm Advisory 
System. 

Source: Reorganized from the article by Kim, et al. (2009).  
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The EU agricultural policies are based on the Common Agricultural Policy (CAP). 

Since the 2000s, the CAP has cut off the link between the direct payment program 

for farmers and the agricultural production and promoted the revision into a more 

market-oriented direction.  

The EU uses four types of measures to support the adaptation of the agricultural 

sector. As measures to manage sustainable natural resources, the EU performs “green” 

payment program, improves climate change-related cross-compliance, and develops 

and supports farm villages with the focus on environment and weather. It also 

extends the financial support measures to cope with climate change, improves the 

support for risk management methods, and supports knowledge transfer and 

information activities. 

 

 

2.3. Japan 
 

Japan’s Ministry of Agriculture, Forestry and Fisheries summarized the 

results of its previous research and announced the “Ministry of Agriculture, 

Forestry and Fisheries’ Comprehensive Strategy against Global Warming” in 

March 2008. This comprehensive strategy is composed of three parts: global 

warming prevention measures, global warming adaptation measures, and 

international cooperation in the field of agriculture, forestry and fisheries. The 

global warming adaptation measures are subdivided into the promotion of 

global warming adaptation measures and the development of technologies for 

global warming adaptation measures. Main items related to the promotion of 

global warming adaptation measures are presented in the “Report and Schedule 

for Adaptation Measures for Each Crop” prepared and based on the results of a 

nationwide survey and technology development by research institutes. 

Japan combined the results of all its climate change-related research together and 

presented adaptation measures for each crop item, while also striving to disseminate 

technologies that the farmers can actually use in the field. For rice, they have 

established such adaptation measures as cultivating high-temperature-resistant 

varieties, inducing a proper count of grains, adjusting the cultivation density and 

improving fertilizer management, preventing high-temperature disturbance, reducing 

the incidence of white unripe grains due to pests, the incidence of cracked grains, and 

plant infertility due to high temperatures. For legumes, they are utilizing such  
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Table 5-3.  Adaptation Measures for Each Food Crop against Climate Change 

Crop Main Symptom 
Pending Adaptation 
Measures 

Future Adaptation 
Measures 

Rice 

White unripe grain 
▪ Introduce natural 

transplantation. 
▪ Perform proper fertilizer 

and water management. 
▪ Switch to crops resistant 

to high temperature. 

▪ Verify the validity of 
extending the time of 
earring by direct sowing. 

▪ Develop and establish 
technologies and spread 
the cultivation 
management system. 

Cracked grain 

Frequent occurrence of 
ground beetles 

▪ Control the weeds on 
ridges between rice 
paddies before earring. 

▪ Remove the damaged 
grains using the color 
screening machine. 

▪ Advance the forecast of 
pest occurrence using 
pheromones and develop 
the population 
suppression technology.  

Legumes 

Lack of growth and 
development, and 
under-developed roots 
and due to high 
temperature and much 
rain 

▪ Thoroughly irrigate 
between furrows. ▪ Develop and spread the 

water management that 
can balance irrigation 
and drainage. 

▪ Develop the varieties 
resistant to pests and 
blight and to moisture. 

▪ Develop the technology 
to predict and control the 
pest occurrence using 
pheromones. 

Frequent occurrence of 
pests, extended 
occurrence period, and 
occurrence of 
subtropical pests 

▪ Timely and thorough 
pest control, switch to 
disaster-resistant 
varieties 

Reduced yield due to 
much rain, and quality 
drop due to high 
temperature and much 
rain 

▪ Introduce thorough 
drainage measures and 
non-tillage sowing 
technology 

Source: Japanese Ministry of Agriculture, Forestry and Fisheries (2008).  

 

adaptation measures as develop underground water-level control systems to prevent 

drought damage due to high temperatures in summer and fall. 

Climate change represents a risk factor for food supply in Japan as it adversely 

affects rice production. Climate change impact on rice production has a huge impact 

on the average rice yield. Additionally, high temperatures not only cause a decrease 

of rice yield but also decreases in barley and beans, as well as increases in pests. 
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Therefore, additional measures are required to prevent this. Due to changes in snow 

and thaw periods, adjustments to the rice sowing times are necessary.  

Japan is trying to turn the food crisis due to climate change into an opportunity, by 

take advantage of its state-of-the-art information and communication technology. 

Japan Fujitsu has built and provided AKISAI service, a food-agriculture cloud 

service, by utilizing large-capacity data technology. It analyzes large-capacity data 

from sensors installed on farmland to measure its weather and soil environment, and 

provides the optimum time for seeding, spraying pesticides, and harvesting via 

mobile phones.  

Japan has prepared and utilized a manual to cope with the worst food crisis. The 

manual includes how to increase food production, how to restrict food distribution 

and other measures to ensure an adequate food supply for its people in the event of 

the worst food crisis occurring due to abnormal weather. It also suggests measures to 

secure food supply and how to enforce these measures if the food supply is affected 

by totally unpredictable factors. Depending on the severity of the problem, it has set 

three levels: Levels 0, 1 and 2 <Table 5-4>.  

Japan is striving to build overseas food bases to secure independent food 

supply. Japan has enforced policies in the direction of actively opening the 

overseas market to ensure stable grain import, since 1963. It has secured the 

grain production areas, storage facilities and distribution facilities in grain 

exporting countries like the United States and Brazil, and the  so as to reduce 

the impact on the domestic food market if a food supply crisis occurs. 
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Table 5-4.  Countermeasures for Each Level in the Japan’s Food Security Manual 

for Unpredicted Situation 

Level Requirements Countermeasures 

Level 0 

• Prediction of worst 
domestic crop failure 

• Prediction of worst crop 
failure in major exporters, 
and their movement of 
export restrictions 

• Confusion in trade due to 
catastrophic incidents and 
accidents in major 
exporters. 

• Regulation of food sales 
enforced in terms of 
stability 

• Gather and analyze information and promptly 
announce the analysis result. 

• Utilize the stockpiled food and diversify the 
sources of import. 

• Request producers, food industry operators, and 
consumers minimize food consumption. 

• Investigate and monitor the price trend of food 
and production materials and, if necessary, 
request other related business operators 

Level 1 
• Worst rice harvest, and 
export regulations by major 
exporters 

• Increase production of crops that can be 
domestically produced, using current fallow 
land. 

• Take corrective actions based on the law, for 
unbalanced demand and supply or cornering and 
hoarding 

• Enforce the price stabilization measures based 
on the law, if the request and guidance regarding 
price and distribution does not work.  

Level 2 
• Significant reduction of the 
imports of grain, soybeans 
and related products 

• Switch to the high-calorie crops while 
increasing the production from the farmland that 
is not currently used. 

• Cultivate plants using the fields or pastures, if it 
is impossible to secure the required calories. 

• Divide and mix the products and enforce the 
price control, so that they could be equally 
divided.  

• Supply the oil preferentially to the agriculture, 
forestry and fisheries, if the supply falls greatly 
short.  

Source: Hayashi (2009), the contents of pp.188-191 is summarized in this table.  
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1.4. Australia 
 

It is expected that the temperature in Australia would rise by up to 2 ºC by 2030 

and by up to 6 ºC by 2070 due to climate change. In the Northeast region, the 

temperature rise is expected to have a positive impact, causing grain yields to 

increase. Conversely, climate change could result in agriculture losses in the 

Southern region and the Eastern region. First of all, it seems that the water supply 

will be reduced, resulting in production decreases. Also expected are reductions in 

grain yield and quality. Pests will spread to the Southern region of Australia. 

The Australian government suggested the countermeasures to be employed by the 

primary industries against climate change in “Australia’s Farming Future”, the core 

of which can be summarized as making farmers adapt themselves to climate change 

through support projects for four years. The Australia’s Farming Future consists of 

Climate Change Research Program (CCRP), Farm Ready Program, and Climate 

Change Adjustment Program.  

The main purpose of the CCRP is to help the agricultural sector adapt to climate 

change and  cope with the future climate change by providing supporting funds to 

research projects and farm experiments. This program focuses on greenhouse gas 

mitigation, improvement of soil management, and adaptation to climate change. It 

has carried out many projects that helped provide famers and agriculture with 

substantial management solutions. It has supported large-scale joint products 

involving many organizations like research providers, industrial groups, universities 

and state governments <Table 5-5>.  

The CCRP started in 2008~2009 with the funds of 4,620 million dollars and 

completed on June 30, 2012. It aimed at helping the primary industry adapt to 

climate change and building up the resilience of the future agriculture, by supporting 

research projects and farm pilot projects.  

As a result of the CCRP, various adaptation measures that could be applied at farm 

level were developed. In the field of varieties and technology development, a 

portfolio for varieties suitable for intensified weather change was developed and 

changes in cultivation methods determined. In the field of meteorological forecasting, 

the weather forecast and the forecasting of seasons and abnormal weather were 

improved. Improved forecast information was applied to a series of agricultural 

activities including cultivar selection, cultivation, sowing, pest control, weeding, 

harvesting, and inventory liquidation. In the field of advanced facilities and 
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technology, a pasture and crop management decision support system using satellites 

and low-cost desalination facilities were developed. With regards to climate change 

impact assessment and research, a research into the impact of the extended hot and 

dry period on weed and pest ecology was conducted. 

 

Table 5-5.  Major Accomplishments of the Australia’s CCRP 

Items  Description 

Development of varieties & 

technology 

• Develop a portfolio of varieties suitable for climate change, 

and adjust the cultivation methods.  

Improvement & utilization 

of meteorological 

observation 

• Improve the weather forecast and the forecast of seasons.  

- Apply the improved forecast information to variety 

selection, crop seeding, pest control, weed control, 

harvesting, and inventory liquidation. 

Utilization of advanced 

facilities and technology 

• Establish a management support system using satellites, and 

develop low-cost desalination facilities. 

Climate change impact 

assessment & related 

researches 

• Analyze the impact of the extended hot and dry period on 

weed and pest ecology, and utilize the analysis result.  
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3. Implications of the Case Study for International 

Organizations’ and Major Countries’ 

Countermeasures 
 

 

There is a need to take advantage of the main ideas derived from the case study for 

the international organizations such as OECD and for major countries like the United 

States, EU, Japan and Australia. The ideas so acquired could then be applied as 

benchmarking data for establishing the policies needed to build up a stable food 

supply system in response to climate change. The main ideas are summarized in 

<Table 5-6>. 

International organizations such as the OECD and the FAO suggest weather index 

insurance and climate smart agriculture as means of ensuring stable food production. 

The ever increasing uncertainties brought on by climate change mean an ever 

increasing need for risk management tools, the weather index insurance is presented 

as one such tool. Though Korea has made efforts to expand crop insurance, its base 

has not been established and thus it is in a transitional and confusing stage. As a 

means of providing risk management tools to the agricultural sector, a variety of 

insurance products, such as weather index insurance need to be examined. In 

addition, it is necessary to introduce climate smart agriculture in which the farm is 

monitored and managed in real time using state-of-the-art systems, which will allow 

the farm to cope with climate change and ensure stable agricultural production 

activities. 

The United States, EU and Australia have prepared a variety of policy measures to 

improve the resilience of the agricultural sector in preparation for increasing climate 

change. Korea needs to promote such step-by-step measures to improve resilience, 

and to consolidate the agricultural policies and climate change policies to ensure 

efficient maintenance of policy programs. It also needs to produce and distribute the 

farmers’ manual for countermeasures against climate change, as an ongoing effort to 

minimize the negative impact of climate change on the food supply. 
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Table 5-6.  Implication of the International Organizations’ and Major Countries’ 

Cases 

Division Main Idea 

International 

Organizations 

OECD 

• Systematize the climate change adaptation measures, and build 

up inventory.  

• Analyze the link between climate change and food supply. 

• Risk management for building up a stable food supply system 

(using the weather index insurance) 

FAO 

• Climate smart agriculture to effectively cope with climate 

change 

• Strengthen food security in response to climate change. 

• Systematic selection of climate change adaptation measures 

(customized adaptation measures) 

Country 

United 

States 

• Analyze the climate change impact under each scenario (REAP 

model) 

• Establish a highly resilient food supply plan to cope with 

climate change 

• Associate climate change adaptation measures with the 

agriculture and environment policies (EQIP, CSP). 

EU 

• Analyze the climate change impact and establish the 

countermeasures. 

• Implement 2-stage strategies to improve the resilience in the 

face of climate change 

• Consolidate the joint agricultural policies for effective 

adaptation to climate change. 

Japan 

• Utilize the adaptation manual for each crop item, in order to 

spread the outcomes of the researches to cope with climate 

change. 

• Develop overseas food bases, to secure a stable and independent 

food supply.  

• Develop a risk management system, based on “Food Security 

Manual” for emergency. 

Australia 

• Systematize the analysis of climate change impact on the 

agricultural sector. 

• Crystallize three major programs for future agriculture, to cope 

with climate change and build up resilience against it.  

• Apply the results of research to cope with climate change and 

apply it in the field. 



 

 



 

 

Plans for Developing a Stable Food Supply 
System in Response to Climate Change Chapter 6 

 

 

 

 
Until now, the impact of climate change on food supply was analyzed from a 

multifaceted point of view, based on the current status and prospects of domestic 

climate change and the diagnosis of domestic potential for food production. In 

Chapter 6, the overseas cases are benchmarked based on the results of impact 

analysis, and basic principles for establishing a stable food supply system in response 

to climate change, a step-by-step policy roadmap, and major tasks for each sector, are 

presented. The task of constructing a stable food supply system to cope with climate 

change is approached from four aspects, namely raising the domestic production 

capacity, enhancing the buffer capacity, improving overseas import skills and 

channels, and enhancing policy response capability. In order to achieve the ultimate 

goal of building up a stable food supply system to cope with climate change, major 

tasks to be carried out by each sector are suggested.  

 
  



 
  
 
142  Plans for Developing a Stable Food Supply System in Response to Climate Change 

 

1. Basic Directions 
 

 

In order to build up a stable food supply system to cope with climate change, five 

basic directions have been established. 

First, identify and promote major tasks for each sector, based on the systematic 

analysis of climate change impact on food supply, as well as set forth the major 

stages within each task. This will allow for the food security system to be built up 

counteracting climate change. Food security system encompasses components of 

food availability, food access and food utilization.   

Second, reflect the changing conditions of climate change, while taking full 

advantage of the endowed natural resources for domestic agricultural production 

activities. In other words, fully utilize the potential, but presently unrealized, 

capability of domestic agriculture and food production bases including idle farmlands 

and reclaimed land. 

Third, set target values based on the food self-sufficiency rate and self-reliance rate 

of main items, and build up an integrated national food supply system that 

consolidates domestic production, overseas agricultural development, purchase, and 

stockpiling. Actively promote the development and utilization of overseas food bases 

to secure a stable food supply.35  

Fourth, develop a robust risk management system in preparation against the 

increased uncertainties, including climate change and abnormal weather. Strengthen 

the capability for stable water supply measures and flood response and promote 

systematic risk management, especially through the maintenance of agricultural 

infrastructure. 

Fifth, actively promote smart agriculture to cope with climate change, using the 
fusion technologies like information technology (IT), biotechnology (BT), nano-
technology (NT). This direction is matched to climate-smart agriculture which is 
defined by the FAO as ‘agriculture that sustainably increases productivity 
resilience (adaptation), reduces/removes greenhouse gases (mitigation) while 
enhancing the achievement of national food security and development goals’. 
The major action plan for activating climate-smart agriculture is how to apply 
those technologies tailored to meet the needs of our agricultural society.  

                                                                          
35 In terms of food supply, the self-sufficiency rate refers to the percent rate of supplying the food 

required by people from the domestic production while the self-reliance rate includes the food supply 
from the national companies promoting agricultural development in overseas countries as well.  



 
 
 

Plans for Developing a Stable Food Supply System in Response to Climate Change  143 

 

2. Approaches and Roadmap for Policy 

Implementation 
 

 

Implementing the countermeasures on developing food supply against climate 

change requires setting up policy priorities, adoptions of technologies and timeline, 

and changes of relevant bodies’ behaviors. In order to ensure a successful and 

lasting implementation, it is important to have an implementation plan with an 

appropriate timeliness. A roadmap approach provides a plan or map for making the 

transition from current agricultural system to climate-friendly agricultural system 

in the future.  

In order to develop strategies for a stable food supply in response to climate 

change it was necessary to empirically analyze a number of relevant factors which 

covered in the previous chapters. The relevant factors in this case were: the current 

status of food supply and its potential, the climate change impact on food supply, 

and the farmers’ awareness of and responses to climate change. Once completed, 

these analysis results, as well as the results of an analysis of the case studies from 

international organizations’ and major countries’ were benchmarked. These 

benchmarks were then used to identify the major tasks for each sector, in terms of 

four capacities: domestic production capacity, buffering capacity, overseas import 

capacity, and the capacity to implement policy measures <Figure 6-1>. Domestic 

production capacity covers extension of adaptation technologies, preservation of 

farmland, utilization of fusion technologies, modernization of agricultural 

infrastructure. Buffering capacity encompasses enhancing resilience and 

biodiversity, managing risk, and increasing food stockpiles. Overseas import 

capacity includes building overseas food bases, utilizing international grain 

markets, and strengthening international cooperation. Capcity for policy responses 

covers elaborating impact analysis model, assessing vulnerability, strengthening 

education and training, and establishing change response center.  

It takes a considerable time to effectively respond to climate change in agricultural 

sector. Therefore, with 2022 as the target year, major policy programs should be 

implemented for the next 10 years. The ten year timeline should then be divided into 

the short-term (2013~2015), the mid-term (2016~2018) and the long-term 

(2019~2022) to establish a task schedule for constructing a stable food supply system 

that can cope with climate change. However, it is challenging to clearly divide the    
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Figure 6-1.  Framework for the Analysis of Climate Change Impacts and the 

Countermeasures 

 

○ Conduct systematic analyses of the impact of climate change on food supply. 
○ Make the most of the potential for food production, using domestic natural 

resources. 
○ Build up an integrated national food system in consideration of self-sufficiency 

rate and self-reliance rate.  
○ Realize Climate Smart Agriculture, utilizing the IT·BT·NT fusion technology. 
○ Develop a risk management system in preparation against the uncertainty of 

climate change.  

Basic Principles for Building up a Stable Food Supply 

Analysis of the Current Status of 
Food Supply and the Potential 

Analysis of Climate Change and Its 
Impact on Food Supply 

Analysis of Farmer’s Awareness 
and Responses 

Increase the Domestic 
Production Capacity 

Benchmarking the International Organizations’ 
and Major Countries’ Cases 

Enhance the Buffering 
Capacity 

Improve the Import Capacity 

Improve the Capacity for 
Policy Responses 

○ Establish an inventory of adaptation measures and an impact analysis model (OECD), USA, EU, 
Australia 

○ Practice Climate Smart Agriculture in response to climate change (FAO, Japan) 
○ Develop a risk management to cope with the uncertainty of climate change (USA, Japan) 
○ Strengthen the resilience to cope with climate change (USA, Australia) 
○ Apply the results of researches about the countermeasures against climate change to the field (by 

preparing a manual) (Japan, Australia) 

� Continuous decrease of food self-sufficiency rate 
� Increase of feed crop import 
� Continuous decrease of rice paddy area  

� Decrease of crop yield due to temperature rise 
� Increased occurrence of blight and pests  

(unexpected ones) 
� Decrease of domestic rice production and increased 

imports 
� Drastic decrease of rice yield upon abnormal weather 
� Increased price variability in the international grain 

market 

� Full recognition of climate change 
� Negative impact of climate change on  future 

agriculture 
� Need for measures to improve grain self-sufficiency 
� Abnormal weather has significant impact on yield 

decrease 
� Increased demand for incentives as an adaptation 

measure 
� Increased demand for adaptation technology 

� Develop and spread the adaptation 
technology 

� Preserve  farmland and expand the use 
of arable land. 

� Utilize the fusion technology 
� Modernize the agricultural infrastructure 

� Enhance the resilience and the 
biodiversity 

� Develop a risk management system 
� Increase the food stockpile 

� Construct the overseas food bases 
� Utilize the international grain market 
� Strengthen the international cooperation 

� Elaborate on the impact analysis model 
� Assess the vulnerability 
� Strengthen education and training 
� Establish the weather change response 

center. 
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timeline according to each key task, as some tasks need to be implemented 

continuously. For such tasks, a step-by-step policy implementation roadmap is 

prepared for each sector <Table 6-1>. 

 

Table 6-1.  Roadmap for Policy Implementation for Stable Food Supply  

Division Short Term (2013-2015) Mid Term (2016-2018) Long Term (2019-2022) 

Domestic 

Production 

Capacity 

• Develop and spread  

adaptation technology 

- Develop and spread  

adaptation crop varieties 

- Prepare the adaptation 

manual 

• Preserve farmland and 

expand the use of arable land 

- Seek for ways to maintain 

the rice paddy area 

- Increase double-crop or 

triple-cropping 

• Establish ways to utilize the 

fusion technology 

- Establish Climate Smart 

Agriculture plan 

- Utilize Cloud service 

• Modernize the agricultural 

infrastructure 

- Maintain the repair 

facilities 

- Expand TM/TC  

• Develop and spread the 

adaptation technology 

- Develop and spread the 

adaptation varieties 

- Distribute the adaptation 

manual 

• Preserve the farmland and 

expand the use of arable 

land 

- Increase the program to 

maintain the rice paddy 

area  

- Increase double-crop or 

triple-cropping 

• Expand the utilization of 

the fusion technology 

- Practice Climate Smart 

Agriculture 

- Utilize Cloud service 

• Modernize the agricultural 

infrastructure 

- Fully equip weather-proof 

repair facilities 

- Expand TM/TC 

• Develop and spread the 

adaptation technology 

- Develop and spread the 

adaptation varieties 

- Establish the use of the 

adaptation manual 

• Preserve the farmland and 

expand the use of arable land 

- Increase the program to 

maintain the rice paddy area 

- Increase double-crop or 

triple-cropping 

• Establish the use of the 

fusion technology 

- Establish Climate Smart 

Agriculture 

- Utilize Cloud service 

• Establish the agricultural 

infrastructure modernization 

- Maintain the weather-proof 

repair facilities 

- Establish TM/TC 

Buffering 

Capacity 

• Enhance the resilience and 

biodiversity 

- Install an agricultural 

environment management 

system  

- Launch the biodiversity 

program 

• Develop a risk management 

system 

- Prepare risk management 

plans for emergency 

• Increase the food stockpile 

- Launch the domestic and 

overseas food stockpile 

• Enhance the resilience and 

biodiversity 

- Install an agricultural 

environment management 

system  

- Expand the biodiversity 

program 

• Develop a risk management 

system 

- Expand risk management 

plans for emergency 

• Increase the food stockpile  

- Expand the bases for food 

stockpile 

• Enhance the resilience and 

biodiversity 

- Establish an agricultural 

environment management 

system  

- Expand the biodiversity 

program 

• Develop a risk management 

system 

- Establish risk management 

plans for emergency 

• Increase the food stockpile  

- Establish the food stockpile 

bases 
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Table 6-1.  Roadmap for Policy Implementation for Stable Food Supply (continued) 

Division Short Term (2013-2015) Mid Term (2016-2018) Long Term (2019-2022) 

Overseas 
Export 

Capacity 

• Construct overseas food 

bases 

- Establish overseas 

agricultural development 

• Utilize the international 

grain market 

- Utilize the futures market 

- Diversify the import 

sources  

• Strengthen international 

cooperation 

- Operate the international 
information system  

• Construct overseas food 

bases 

- Expand the overseas 

agricultural development 

• Utilize the international 

grain market 

- Build up the base for 

futures market 

- Diversify the import 

sources  

• Strengthen the international 

cooperation 

- Build up the international 
information system  

• Construct overseas food 

bases 

-Maintainthe overseas 

agricultural development 

• Establish the international 

grain market 

- Establish the futures market 

operation 

- Diversify the import 

sources  

• Strengthen international 

cooperation 

- Build up the international 
information system  

Capacity 

for Policy 

Measures 

• Elaborate on the impact 

analysis model 

- Develop an impact 

assessment model  

• Increase investments in 

R&D 

- Increase the R&D budget 

• Develop vulnerability 

assessment 

- Develop a vulnerability 

assessment model 

• Strengthen education & 

training 

- Educate the policy-makers 

and farmers 

• Install a climate change 

response center 

• Elaborate on the impact 

analysis model 

- Develop an impact 

assessment model  

• Increase investments in 

R&D 

- Increase the R&D budget 

• Develop vulnerability 

assessment 

- Develop a vulnerability 

assessment model 

• Establish education & 

training 

- Educate the policy-makers 

and farmers 

• Establish the operation of 

the climate change response 

center 

• Elaborate on the impact 

analysis model 

- Develop an impact 

assessment model  

• Increase investments in 

R&D 

- Increase the R&D budget 

• Develop vulnerability 

assessment 

- Develop a vulnerability 

assessment model 

• Establish education & 

training 

- Educate the policy-makers 

and farmers 

• Establish the operation of the 

climate change response 

center  
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3. Major Tasks for Each Sector 
 

 

3.1. Enhancing the Domestic Production Capacity 
 

3.1.1. Develop and spread the climate change adaptation technology  

There is a variety of climate change adaptation technologies including, but not 

limited to, variety development and cultivation techniques. A survey of farmers, with 

regards their attitudes about the government’s climate change countermeasures, was 

undertaken. It revealed that farmers overwhelmingly were of the opinion that the 

development of new varieties should have the highest priority among the 

technological countermeasures, as this response accounted for 72.5% of responses. 

This implies that there is an urgent need to develop new crop varieties that are highly 

resistant to disease and tolerant of water shortages and other disasters. Thus it one 

important task will be develop Japonica varieties that can adapt to future sub-tropical 

and/or subtropical climates. That the Rural Development Administration developed 

Japonica varieties (MS11, Japonica 1, and Japonica 2) adapted to tropical climates 

and have distributed them to the Philippines and elsewhere on a trial basis is very 

suggestive. 

It is a well-known fact that changes in pest occurrence are caused by climate 

change. According to the results of the analysis of the factors affecting the area 

damaged by rice pests, it is shown that the area damaged by rice pests will increase 

as the number of heavy rain days increases and the temperatures in winter and June 

increase. In particular, it is expected that problems with rice blast disease, sheath 

blight, rice leaf rollers and rice water weevils will increase in spread, frequency and 

intensity. Therefore, one important task will be to develop and cultivate pest- 

disaster- and virus- resistant varieties.  

As an adaptation measure, cultivation technology is an important means of cope 

with yield decrease due to climate change. If it is expected that rice yields would 

decrease by approximately 10~15% when the temperature rises by 2~3ºC. 

Depending on rate and nature of climate change during the next 20 to 30 years, the 

decrease could be mitigated to some extent should appropriate cultivation 

technologies be applied. Major cultivation technologies tailored to climate change 

adaptation include, but are not limited to, adjusting the time of sowing and 
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transplanting, direct rice seeding, and cultivation of green manure crops.36 In rice 

cultivation, it is possible to prevent the decrease of rice yield and the degradation of 

its quality by delaying the earring season through the change of cultivation method 

like transplanting time control or direct seeding. Direct seeding may also contribute 

to mitigating the greenhouse gas emissions.  

 

3.1.2. Expand stable bases of domestic supply 

The analysis of the yield of major crops through KASMO showed that the yields 

of rice, beans and barley would all be lower in 2050 as both the yield and area under 

cultivation decrease. In the scenarios assuming climate change from the baseline, all 

yield scenarios assume a reduction. It appeared that when the yield decreased, the 

self-sufficiency rates of rice, beans and barley decreased as well by 18.3%p, 1.3%p, 

and 6.6%p respectively in comparison to the baseline. As a result, it is expected that 

the nation will become ever more dependent on imports. in In the survey of  farmers, 

65.8% of respondents answered that it would be necessary to enhance the grain self-

sufficiency rate as a means of stabilizing the food supply, whereas only 7.7% chose 

the development of overseas farms. In order to increase the grain self-sufficiency rate, 

33.3% answered that it would be necessary to expand the acreage of wheat, beans 

and corn by introducing a direct payment program, while 40.0% chose the marketing 

support instead, including the government purchase system.  

In order to maintain optimum domestic production bases for major crops, it is 

necessary to establish tailored countermeasures for each item that take the domestic 

production condition of each crop into consideration. The nation’s arable land area is 

now in continuous decline. In order to maintain 1.5 million ha (0.75 million ha for 

the rice paddy area and 0.75 million ha for the dry field area) of arable land in the 

future and to maintain the farmland utilization rate of 120%, effective measures to 

preserve the farmland and expand the arable land utilization rate should be prepared.  
                                                                          
36 Green manure crops (hairy vetch, rye, etc.) refer to crops of which stems and leaves are used as 

fertilizer, which play an important role in significantly reducing the use of chemical fertilizer as well as 
the emission of greenhouse gases including methane and also enhancing the biodiversity. The hairy 
vetch is a wintering Legumes with excellent fertilizer effect, which can be cultivated in rice paddies, 
dry fields, and orchards across the country except in highland areas (Kim Min-tae, et al., 2012). The 
result of watering the rice paddy once a week starting from 30 days after transplanting the rice into the 
rice paddy where the hairy vetch had previously been planted showed that the methane production 
decreased by about 13% and the water used decreased by about 52%, compared to the conventional 
practice of daily water management with chemical fertilizer inputs (National Institute of Crop Science, 
2010). 
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Another important task will be to increase the production of feed grains in order to 

raise the food self-sufficiency rate. There is a need to enhance the rice paddy 

utilization rate so as to secure forage crops, which will in turn require coming up with 

ways to make the most of double-cropping or triple-cropping in the rice paddy. For, 

Jangheung, Jeonnam for example, it is deemed actually possible to achieve triple-

cropping by harvesting rice on August 23, 2012, sowing the barnyard millet in early 

September, planting Italian ryegrass, a forage crop, in early November when the 

barnyard millet will be harvested, and finally harvesting the Italian ryegrass in April 

2013. When the time allotted for rice harvesting is shortened, this will reduce damage 

due to climate change, including more frequent typhoons and from pests. It is also 

expected that these measures would reduce national dependence on imported feed 

grains as well as allowing for the maintenance of a sound livestock industry through 

the domestic production of forage crops.  

 
Table 6-2.  Example of Practicing Triple-Cropping in Jangheung, Jeonnam 

Rice Cultivation (Jopyeong rice) 

(Transplantation in mid May ~ 

Harvest in late August or early 

September) 

Oats 

(Cultivate over a period 

of 60~65 days)  

Barley 

(Sow in November ~ 

Harvest in late April) 

Source: Yonhap News (2012), and Internal Data about Rice and Barley by National Institute 

of Food Science (2012). 

 

Expanding the double-cropping and triple-cropping at the rice paddy is an 

important task in increasing the arable land utilization rate Appropriate incentives to 

farmers, who cultivate grains and/or forage crops in the winter paddy, should be 

sought. How to best to support the farmer with direct payment for dry-field farming 

if they grow barley, wheat, rye, and/or forage crops in their rice paddy, should also be 

examined.37 The land utilization rate, which was at 150% in the 1970s, was found to 

have decreased to 109% in 2011. It is estimated that, if the land utilization rate were 

increased to about 130%, the food self-sufficiency rate would rise on the order of 7%. 

It is very difficult to import an adequate quantity of rice of adequate quality at an 

affordable price when the production of rice, the staple food, drops suddenly. 

                                                                          
37 The Ministry of Food, Agriculture, Forestry and Fisheries estimated the rice paddy area available for 

growing grains and forage crop during the winter to be 27,400 ha for barley, wheat, and rye and 
219,000 ha for forage crops, and also estimated the direct payment for dry field farming to be around 
70 ~80 billion won (Nongmin Newspaper, 2012. 10. 29). 
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Therefore, it should be made a principle that the self-supply of rice be fixed at a 

certain level. To expand the acreage of wheat cultivation using idle land during the 

winter, both technology and policy supports are required. In addition, with regards to 

feed corn, both domestic and international strategies are required. Such strategies 

would include, but not be limited to, a diversification of import sources, direct 

overseas investment, and an increase in roughage cultivation in winter idle lands. 

Compared to other crops, the corn yield per unit area is large and as the entire corn 

cultivation process can be carried out with the aid of machine, it is possible to mass-

produce the corn at low cost. Silage corn is rich in soluble sugar content, can be 

easily prepared, and is favored by livestock. Therefore, there is an urgent need to 

establish domestic corn production bases. In addition, all-round efforts like corn 

cultivation using rice paddies and construction of the overseas food bases are 

required. Next, in order to increase the domestic productivity of soybeans, it is 

necessary to increase paddy cultivation and establish a proper cropping system. 

 

3.1.3. Promote Climate-Smart Agriculture using the fusion technology 

In order to establish the foundation for stable food supply under the risk and 

uncertainty of extreme weather, it is necessary to practice Climate-Smart 

Agriculture based on advanced technology that fuses information technology (IT), 

bio-technology (BT), and nano-technology (NT) into one. In the mid- to long-term, 

there is a need to develop and spread such fusionable technologies so that the 

practice of Climate-Smart Agriculture as the plant-based technology can promote 

photosynthesis to increase the yield per unit areaand so achieve all-weather, 

intensive high-productivity.38 Also, it is necessary to develop technology that can 

overcome the limit of places and dramatically improve the productivity by 

combining biotechnology, information and communications technology, and 

robotics technology into one. 

To take advantage of state-of-the-art fusion technology is a very important task, if 

the nation is to proactively address the problems of coping with climate change in the 

field of farming. Farmers do actually need farming techniques that will help them 

                                                                          
38 The technology of increasing the crop productivity by spraying special microorganisms onto the 

farmland which return nitrogen in the air to the soil, instead of using chemical fertilizer nitrogen in the 
soil was developed by Professor Reddy, a microbial molecular genetics expert in the US University of 
Michigan, and has been utilized. This not only acts as a natural fertilizer but also protects plants against 
pathogens and increases the grain yield regardless of grain type (Lee Jin-mo, 2011). 
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accurately forecast the effects of climate change and/or the onset of abnormal 

weather in advance as they will then be able to apply these forecasts to production in 

the field. For this, it should be encouraged to Therefore, the development of an early 

warning system usable by the agricultural sector, which is itself founded on studies 

that evaluate and predict the changes in climate resources of each region, should be 

actively encouraged. Japan’s Fujitsu developed Akisai Cloud, an innovative 

agricultural production control solution that facilitates the practice of agriculture by 

allowing agriculture to proactively cope with climate change (Fujitsu Limited, 2012). 

The transition to Climate-Smart Agriculture is costly and thus requires a large scale 

of investment. Therefore, a prerequisite for the implementation of Climate-Smart 

Agriculture would be the proper support measures, including incentives and financial 

support.  

With regards to the promotion of Climate-Smart Agriculture, it is necessary to 

build a system to obtain such nutrients as carbohydrate, protein and fat through the 

research and development of technology to mass-cultivate ‘microalgae’ that can be 

an important food source, free of climate change impact in the mid- to long term. 

 

3.1.4.  Reinforce and modernize the agricultural infrastructure to cope 

with the meteorological disaster 

According to the analysis result of the impact of abnormal weather on the 

domestic rice yield, the rice yield was estimated to decrease by 8.8~20.8% if 

abnormally high temperature and abnormal precipitation increase occurred at the 

same time. In the survey asking farmers for what abnormal weather phenomenon 

would be the leading cause of the yield decrease by 10% or more showed, 64.8% of 

the respondents chose “Class A hurricanes and localized torrential rain during the 

ripening stage”, while 30.8% chose “abnormally high temperatures during the 

ripening stage” and 24.3% chose “drought during the rice transplanting season”.  

In response to the survey question on the best measure to reduce damage by 

localized torrential rainfall 45.2% chose “water management”. On the associated 

question of what the government’s priorities related to infrastructure management 

should be, 62.5% responded that agricultural infrastructure (water pipes, drainage, 

reservoirs, etc.) needed to be modernized. These results imply that the key task to 

reduce the damages by localized torrential rain is to modernize the agricultural 

infrastructure.  
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As it is expected that water shortages and drought damage will increase both in 

frequency and severity as climate change progresses, it is really important to build up 

the infrastructure for stable water management. Investment in facility renovation and 

repair needs to be increased as only 66% of the rice paddy area (being 980 Kha) is 

equipped with the capacity to cope with drought at a frequency of once in 10 years 

and most of the repair facilities are 30 years old or older. As there was the worst 

drought in 100 years, it is necessary to establish a repair system that can withstand 

the same drought at an increased frequency of at least once ever 30 or 50 years. The 

area of rice paddy that is subject to habitual flood damages amounts to 88 Kha which 

is also the cultivation area of dry-field crops in the rice paddy, so the risk of large-

scale food damage by the localized torrential rain is always present. Therefore, in 

order to ensure a stable food production under climate change, there is an urgent need 

to repair and maintain old and decrepit reservoirs, pumping station and drainage 

conduits. In addition, it is necessary to both modernize irrigation facilities and to 

strengthen their capacity to cope with weather disasters.  

Scientific modernization of the irrigation facilities requires expansion of the 

agricultural water management automation project. Tele-Control/Tele-Monitoring 

(TM/TC) refers to the project to improve agricultural productivity and establish an 

efficient and scientific water management system to ensure that farmland in need of 

water receives a timely supply of the proper amount of water.  

 

3.2. Enhancing the buffering capacity 
 

3.2.1. Enhance the resilience and biodiversity  

As suggested in the aforementioned efforts to establish adaptation measures to 

climate change, the OECD encourages its member countries to increase the resilience 

of their social and ecological systems. With regards to adaptation to climate change, 

this resilience refers to the capability of social and the biological systems’ to adapt 

and organize themselves in a fashion that will allow impacts and stresses from 

changes to be absorbed and obstacles to be overcome. Resilience refers to a system’s 

capacity to withstand changes and stresses while maintaining its structure and 

function. This resilience acts as a kind of buffer when food production is 

considerably affected by the frequent occurrence of abnormal weather and attendant 

damages. 
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The means by which resilience can be increased include strengthening sustainable 

agriculture, enhancing biodiversity, improving soil fertility, expansion of minimum 

tillage and conservation tillage, and adoption of organic farming practices. These 

measures are also considered to be important means of climate change mitigation, 

since besides contributing to increasing ecosystem resilience they also enhance soil 

carbon sequestration. Crucially, in order to increase the resilience of the agricultural 

sector, special attention needs to be paid to preservation practices and the 

management of biodiversity. This is due to the fact that the greater biodiversity is the 

greater the insurance role it plays in mitigating the impact of any significant changes 

occurring in the wildlife ecosystem on the nation’s natural resources and the natural 

services they provide.  

Increasing the biodiversity of farmland provides a series of benefits. Firstly, it 

contributes to maintaining agricultural productivity in the long term. Secondly, it 

protects the genetic diversity of land. Thirdly, it reduces the amount of decreases in 

crop yields due to environmental changes and/or pests and disease occurrence. The 

greater the diversity of beneficial species that exist in an agricultural ecosystem like 

farmland, the more likely it is that some of them can adapt to environmental changes. 

It follows from this, that the more diverse the types of resident species are the more 

likely it is that there will be beneficial microbes, fungi and insects among them, all of 

which make it more difficult for pests or blights to spread. Such risk management by 

diversification of crop varieties is an effective method that has long been used in the 

agricultural management.39 

In fact, the practice of environmental-friendly agriculture such as organic farming 

is an important means of improving the biodiversity associated with rice farming. On 

the other hand, cultivating disaster-resistant Japonica varieties through the following 

means can also make a significant contribution to the biodiversity: integration of 

blast-resistant genes (Suwon No. 545, Ilpum rice), bacterial leaf blight genes 

(Gangbaek, Jinbaek, and Nampyeong rice), and stripe-resistant genes (Nakdong, 

Geumo, Jopyeong, Hiyami, Sugwang, Daebo, Samkwang, Hopum and Mipum rice) 

from wild rice germplasm (Kim Bo-kyung, 2012). 

3.2.2. Develop a risk management system 

                                                                          
39 According the result of an experiment conducted at Yunnan, China, it is possible to increase the rice 

yield while controlling the occurrence of blights and pests as well as maintaining the genetic diversity 
at the lowest possible cost if the varieties become more diverse (Cotter and Tirado, 2008). 
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In general, agricultural management covers four types of resources, namely human 

resources, biophysical resources, capital resources, and information resources. 

Biophysical resources include the land, the atmosphere, and water resources. Climate 

change exposes the quality and quantity of the biophysical resources, which are basic 

resources of the agricultural management, to enormous change. Climate change can 

also be considered as changes within the natural environment outwith the sphere of 

agricultural management and thus it has the aspect of an environmental change 

external to it. Therefore, climate change can causes the change in managerial 

resources and environmental changes.Though such changes may impose huge risks 

on agricultural management, they may also create new opportunities when these 

changes are detected and responded to in a timely manner.  

The survey of farmers showed that the magnitude of damage caused by climate 

change, especially abnormal weather, was nothing less than huge. According to the 

results of analyzing the impact of abnormal weather on the domestic rice yield based 

on climate change scenarios, it was estimated that the rice yield would decrease by 

8.8~20.8% if abnormally high temperature and an abnormal precipitation increase 

occurred simultaneously. To the survey question asking what abnormal weather 

phenomena would cause the yield to decrease by 10% or more, 64.8% of the 

responding farmers answered Class A hurricanes and localized torrential rain during 

the ripening stage, 30.8% of respondents cited abnormally high temperatures during 

the ripening stage, and 24.3% of respondents cited drought during the rice planting 

season. This is similar to the result of an analysis of abnormal weather’s impact on 

the rice yield. If these impacts of climate change, i.e. abnormal weather, are not 

properly absorbed it can lead farmers into bankruptcy. The danger in this is that were 

many farmers were to go bankrupt at the same time, the agricultural foundation itself 

could collapse. Therefore, to building a risk management system that can adequately 

respond to the uncertainty of climate change is a hugely important task.  

A national contingency plan for food supply should be developed to protect the 

nation against the social and economic shock that would accompany an international 

food crisis brought on by abnormal weather. Such a contingency plan should include 

a land utilization plan for each stage of its execution and the constant stockpiling of 

high-yielding seeds.  

It is therefore necessary to set aside a certain cultivation area so as to permit rapid 

expansion in the cultivation of wheat, barley, beans and corn in the event of an 

emergency. Such a rapid expansion would require that stockpiled seeds be available 
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for planting in the set aside area. The need to stockpile seeds requires the existence of 

cold storage facilities that halt any degradation in the ability of seeds to germinate, 

due to long-term storage. Around 2020, and after, when climate change will be 

actually felt, simply stockpiling genes and/or seeds will not be helpful for expanding 

the cultivation to a significant level at the time of emergency. Therefore, it is 

necessary to come up with a plan to expand the existing gene bank to reserve in bulk 

the seeds and trophozoites of major grains, vegetables, and fruit so that they could be 

mass-cultivated in case of emergency. Also, as suggested in the study of overseas’ 

cases, there is a need to benchmark the “Manual for Ensuring Food Security in an 

Unexpected Situation’ that exists in Japan. Japan prepared the Manual in 2001 and 

has since made the most of it. It presents crisis management guidelines for securing 

food supply in three different stages depending on the severity of the situation when 

food supply is affected by a totally unpredictable factor.  

 

3.2.3. Increase the food stockpile 

The global stockpile system has been proposed as a means to mitigate the 

volatility of international grain prices in preparation against the case when extreme 

weather casts a significantly impact on the international grain market. (Seo, Lee and 

Kim, 2011) This system has problems such as storage costs and the burden of setting 

the proper amount. Additionally, it involves a conflict of interest between exporters 

and importers, especially when prices skyrocket. As an effective solution to this 

problem, the development of an importer-oriented regional stockpiling system into a 

global stockpiling system has been proposed. Because this is an importer-oriented 

grain stockpiling system the possibility of a conflict of interests during a period of 

skyrocketing grain prices is relatively low.  

With regards to the food stockpiling system, there is a need to review the plans to 

link the international joint stockpiling system and the domestic stockpiling system, 

which is being jointly promoted by the ‘ASEAN +3’ countries. Also, the pan-national 

strategies to secure the food production bases should be established in conjunction 

with the overseas raw grain production base projects that are now being pursued by 

private conglomerates. The government prepared a “10-year plan for overseas 

agricultural development” and has been promoting this plan to secure overseas food 

bases nd establishing the comprehensive 10-year plan for every three years according 

to the ‘2012  Overseas Agricultural Development Act’. This is regarded as an 
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important approach as a proactive measure against the uncertainty in securing food in 

the future.  

It is necessary to strategically prepare for overseas agricultural development even 

though it requires large-scale investment and considerable time to bring to fruition. It 

is necessary as it provides a device for ensuring stable grain supply for future 

generations. Building grain elevators and preparing plans for diversifying import 

sources so as to better manage risks are also important tasks to be accomplished. It is 

necessary to review the plans for ensuring adequate stockpiles of not only rice but 

also corn, wheat and soybeans. To this end both domestic and overseas stockpiles 

must be taken into consideration.  

 

3.3. Improving the capacity for import from overseas 
 

3.3.1. Build the overseas food bases 

There is a need to build overseas food bases, through the active development of 

agriculture overseas, in order to secure a stable food supply. This is due to the fact 

that a considerable amount of grain will still have to be sourced from overseas 

countries even should domestic natural resources be utilized to the maximum extent 

possible. In other words, it is very important to increase the food self-reliance rate so 

as to ensure stability in the supply of major grains such as corn, wheat and soybeans. 

Careful analysis of the new approaches to achieving this should be sought, taking 

into account the failure of past attempts to build such overseas food bases. 

The government established the 10-Year Plan for the Overseas Agricultural 

Development in 2009 and announced its goals as securing amount equal to 10% of 

imports by 2018 from overseas food bases, with this figure rising to 50% by 2030.  

In reality, however, the overseas food base construction is not progressing well, 

which seems to be derived from the fact that attempts are being made mostly by non-

profit organizations, lack of prior information, and the difficulty in securing outlets, 

and the management pressure caused by high initial investment and difficulty in 

securing the marketing outlets.  

In order to succeed in constructing the overseas food bases as a proactive response 

to climate change, strategic support measures should be provided for those domestic 

businesses interested in pursuing overseas agricultural development. For this, the 

entire process, including “ overseas market research g feasibility study g overseas 
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base construction” should be actively supported, and region-specific strategies should 

be established. Then the measures needed to obtain finance through the “Overseas 

Agricultural Development Fund should be sought. The need to raise the ‘Overseas 

Agricultural Development Fund’ for the purpose of constructing overseas food bases 

as this in no way differs from funding overseas energy resource development projects 

for gas and oil wells. 

It will be desirable to promote the project to interested groups and firms as a total 

package involving social, cultural and human resources within the framework of an 

‘overseas food base construction consortium’. It is necessary to install a headquarters 

to supervise the overseas food base construction so as to prevent, at the government-

level, various types of risks that may occur in the process of promoting overseas 

agriculture development before occurring from the risk of various types of 

government, and to proactively cope with them (Park, et al., 2011). 

 

3.3.2. Utilize the international grain market 

Korea imports grains through the flat transaction by open bidding, which trades at 

a fixed price at that point in time (mostly using the spot market price) the required 

amount estimated several months before actual import.  

As the international grain price often fluctuates depending on the market situation 

the grain price at the time of entering into the contract is different from the price 

when the grain actually arrives at the import port. Therefore buyers using such a 

transaction method can experience great difficulty in effectively dealing with the 

volatility of the international price. In particular, when the extent of price fluctuation 

in the international market is expected to get bigger due to climate change, it is 

necessary to avoid spot trading that is exposed to price volatility but to instead 

actively consider distributing the risk through the futures market including the basis 

transaction (using the difference between the futures price and the spot price). Major 

importers of grains (such as corn, wheat and soybean, excluding rice) are limited to 

certain countries, including the USA, China, Australia, Brazil, Argentina and Canada. 

In addition, approximately 70% of the entire grain import is being traded by grain 

majors (such as Cargill, ADM, LDC, and BUNGE) and Japanese general trading 

companies (Marubeni, Mitsubishi, etc.)40. As being biased to certain countries and 

                                                                          
40 The analysis of international grain market, including the percentage of major grain majors in Korea’s 

grain import, is presented in the article by Lee, Lee and Kim (2009).  
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companies like this and based on the spot trading by the lowest bid, the food import 

is quite exposed to price risk. In the long term, Korean grain majors should be 

fostered to cope with the oligopoly by global grain majors and mitigate the price 

fluctuation risk (Park, et al., 2011). 

There is a need to establish an early warning system for food that can effectively 

cope with the negative effects of climate change. Such an early warning system 

would have as its foundation an integrated database on international grain supply and 

demand that cross references grain yields and climate change, inventories, and 

prices.41 If a stable food supply for Korea is to be achieved the nation will need to 

take the initiative and establish this food early warning system. This could be 

achieved by integrating the databases of the grain producing countries and importing 

countries and so making the most of the database about global climate change and 

grain production.  

 

3.3.3. Strengthening international cooperation 

Given that it is recognized that climate change in the major grain production areas 

around the world is having a negative impact on food supply, there is an urgent need 

to strengthen international cooperation to ensure Korea’s stable food supply. It is also 

necessary to monitor weather and crop yields and build a system for exchanging this 

information with international partners. Such international cooperation should also be 

strengthened with regards to monitoring foreign pests entering from overseas 

countries and exchanging necessary relevant information.  

International cooperation is essential for accurately forecasting the world’s food 

supply and demand, depending on climate change. At this point of time, the global 

food supply forecasting models that are widely used include those operated by 

USDA-ERS of USA, FAPRI as developed by University of Missouri, USA, 

ABARES of Australia, and JIRCAS of Japan. However, these models do not 

properly react to factors which confound food supply, such as drought and localized 

                                                                          
41 The original early warning system for the grain sector was the Global Information and Early Warning 

System (GIEWS) established by the FAO in the early 1970s when the global food crisis occurred. 
Currently, the FAO commodity trading division operates the GIEWS and has accumulated a 
considerable amount of information associated with the world’s grain supply and demand, but it is 
difficult to provide accurate supply and demand information since it is difficult to obtain reliable data 
about the grain inventory of each country. 
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torrential rain, both of which are expected to become more frequent due to climate 

change. 

Therefore, an information collection system should be established through organic 

cooperation with major food producing countries so as to gather the information 

about their national food policies and supply and demand trends as quickly as 

possible. It is most important that with regards the development of climate change 

adaptation measures for building a stable food supply system, that we exchange 

information with neighboring countries, such as Japan and China. Such information 

should specifically include the level of damage they are forecasting to their crops, 

farmland and agricultural water due to global warming, and consequently what kinds 

of global warming adaptation measures they are preparing. In the long run, there is 

also a need to strengthen international cooperation so that as food, soil degradation 

and water resources problems experienced by developing countries may be solved. 

Such solutions would be made possible by applying the scientific knowledge and/or 

adaptation technologies Korea has developed to cope with climate change. 

Japan built the Asia-Pacific Food Security Information Platform (APIP) under 

APEC to effectively address food issues due to climate change. As a result, Japan has 

strengthened its international cooperation by sharing information about statistics 

related to the major research achievements of member countries through the APEC 

database.42 In addition, Japan has financially supported the ‘Climate Change and 

Food Security’ project being carried out by the FAO. This project supports 

developing countries in ssessing and adapting to climate change for the purpose of 

improving their food security.43 Under this project, the mapping of vulnerability to 

food instability under climate change is being carried out. It is desirable to establish a 

joint research and cooperation network with international organizations (FAO, World 

Bank, IFAD, etc.) and/or international research institutions (the International Food 

Policy Research Institute, IFPRI) in the field of climate change and food security, by 

benchmarking Japan efforts.  

  

                                                                          
42 The Asia-Pacific Information Platform on Food Security is a system for sharing information on food 

security online. It was developed based on the APEC Action Plan on Food Security agreed to at the 
APEC Ministerial Meeting on Food Security, in Niigata, Japan, 2010. 

43 The total budget supported by Japan for the FAO climate change and food security project amounts to 
approximately 2.56 million dollars, for the period from October 2010 to 2014, and the participating 
countries include Philippines and APEC member countries of the Latin America (Kim Chang-gil, 
2012c). 
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3.4. Improving the capacity for policy countermeasures 
 

3.4.1.  Elaborate the impact analysis model and expand the policy 

utilization 

Analyses of the impact of climate change on the agricultural sector have been 

actively undertaken. However, there is a paucity of studies in which the impact 

analysis has focused on how to establish food supply measures against climate 

change. As discussed earlier, some developed countries like the United States, 

Europe and Japan have developed and utilized policy-related impact analysis 

models.44 These policy models are then used to test the suitability of current policies 

and policy instruments under selected climate change scenarios. The results of these 

tests are then used to identify inadequacies and/or items which need to be reviewed 

by the policy authorities in the light of changing circumstances.  

With regards the climate change impact analysis models for the agricultural sector, 

the following models have been developed and utilized so far: the agro-economic 

model to forecast changes in yield using the crop response function; the Ricardian 

model to analyze the impact on the farm household economy by relating climate 

change and land value; the mathematical programming model to forecast optimum 

output supply and inputs demand using weather and land utilization information; and 

the Computable General Equilibrium (CGE) model to deal with the macro impacts 

of climate change such as the growth of the agricultural sector and the domestic gross 

production (Kim, et al., 2009). Now that the influences of climate change are 

becoming a reality in the agricultural sector, an optimum model should be developed 

that analyzes the effects of climate change by taking various policies into 

consideration. Such a model would assist in policy makers construct appropriate 

countermeasures. In this context, it is important to elaborate in detail on exactly how 

the policy-related impact analysis model that will deal with food problems more 

scientifically and systematically, based on the new climate change scenarios. Such a 

model would likely be of such utility that policy makers would make reference to it a 

prerequisite to discussions on policy matters.  

                                                                          
44 There are comprehensive studies on modeling work of climate change impacts such as the Agricultural 

Model Intercomparison and Improvement Project (AgMIP) in the United States  
(http://www.agmip.org/) and the Modelling European Agricutlrue with Climate Change for Food 
Security (MACSUR) in the EU (http://www.macsur.eu/).   
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In order to enhance the policy response capacity to climate change, it is necessary 

to accurately determine the level of food supply in the event of a food crisis due to 

abnormal weather. This can be achieved by extending the scope of the impact 

analysis.  

First, we need to determine whether the nation’s minimum food can be sourced 

from domestic supply alone in the event of abnormal weather conditions occurring at 

a certain point in time. To achieve this we will need to calculate the quantity of grain 

required, based on the population and the recommended nutritional intake. Following 

on from this we will then need to make a reasonable estimate of how much of this 

requirement can be produced through domestic production by making the most of 

existing arable lands and double-cropping systems. In other words, it is necessary to 

estimate what the maximum possible national grain yield will be when existing rice 

paddies, dry fields, and idle lands are all under production (with the exception of  

farmland already being used for fruit trees, flowers and livestock). It will then be 

possible to calculate in the event of a shortfall exactly how much additional farmland 

area need be secured and the minimum amount of arable land area that need be 

conserved. 

 

3.4.2.  Expand the investments in research and development and 

establish the vulnerability assessment system 

Thus far, scientific studies on possible countermeasures to climate change have 

been planned and carried out for those fields of interest to researchers as research 

projects. Either this, or carried out to derive short-term solutions for outstanding 

issues. Therefore, none of these studies was sufficient for comprehensively and 

systematically supporting policy. Indeed, there is presently an urgent need for studies 

which accurately understand the impact of climate change on the productivity of 

major grains, and thus on food production, such that science can inform the policy 

needed for the nation to proactively predict and cope with future climate change. 

Agriculture is most significantly affected by the changes in weather conditions and, 

should damage occur, it is difficult to overcome the negative consequences of that 

damage. Therefore, proactive measures need to be in placed prior to such events 

occurring. However, due to the fact that the time needed to develop such technology 

is long it becomes necessary to plan and invest in R&D from a mid- to long-term 

perspective. Such an enhancement in policy capacity is necessary due to the fact that 
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a great many tasks need to be completed in various fields if a stable food supply 

system policy in response to climate change is to become a reality. , there are.  

First of all, it is necessary to invest in the research and development of the 

technological infrastructure that will augment our understanding of the impact of 

climate change. Such technological infrastructure would permit changes in the future 

agro-ecosystem and food productivity to be predicted, as forewarned is forearmed. 

Technologies need to be developed for the following four fields: fundamental 

research into climate change impact; a climate change monitoring system; 

vulnerability assessment; and prediction through modeling. Following on from this, 

the outcomes of this technology development should then be linked to policy 

programs. If a stable food supply system is to be created the key policy issues to be 

addressed include the creation of an early warning system to estimate the frequency 

of abnormal weather events and other changes in agricultural weather, the extent of 

water problems, the increases in foreign and abrupt pest occurrence, the extent of 

changes in the ecosystem, and the development of disease-resistant, multi-yielding 

and disaster-resistant varieties.  

Ultimately, the results of climate change monitoring and forecasting should be 

utilized for the purpose of precisely crafting climate change adaptation measures and 

policies. Such adaptation measures and policies would greatly increase national 

preparedness in the event of meteorological disaster. This would ensure national food 

security and a stable food supply.  

At present, there is no comprehensive national climate change monitoring system 

for the fields of agriculture, forestry and fisheries. Additionally, given that research 

has focused on the impacts of individual factors there exist severe limitations on 

using their findings for crafting effective, comprehensive policies. The KMA 

developed and diffused high-resolution national standard climate change scenarios or 

various sectors to use but, as the results of assessing on the vulnerability agricultural 

sector to climate change impact or its are limited, they are currently not used for 

establishing the national or local-government’s adaptation policies.  

The monitoring results of environmental variability and the results of the 

vulnerability assessment, which are especially sensitive to climate change, need to be 

utilized for establishing the mid-to-long term adaptation measures and their priorities. 

Therefore, accurate statistics should be gathered through a comprehensive climate 

and environmental change monitoring system and the sectors vulnerable to climate 

change quickly identified based on such statistical data.  
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3.4.3. Strengthen the education, training and public relations 

The results of a survey measuring farmer willingness to accept the climate change 

adaptation technology revealed the following. First, that in order to ensure the 

maintenance of a stable food supply by having the farmers accept the climate change 

adaptation technology, it is first necessary to educate farmers in recognizing climate 

change and its negative impacts. Secondly, those cases where farmers have accepted 

and successfully used climate change adaptation technology to minimize crop 

damage should be made known to others, in order to persuade more farmers to adopt 

the technologies. On the other hand, as mentioned earlier, it is also necessary to 

increase the use of meteorological information by steadily improving the accuracy of 

agricultural meteorological information.  

Also, educational programs on how to deal with climate change should be 

undertaken so that the technology developed thus far can be rolled out to farmers as 

quickly and as effectively as possible. The survey data results reveal that 50.6% of 

respondents have never received any education on how to cope with climate change. 

Thus, in order to make the climate change adaptation policies more effective plans 

should be set in motion to properly educate the farmers about how to cope with 

climate change. Therefore, to ensure effective education of the farmers, a climate 

change response manual needs to be developed. This climate change response 

manual should provide practical know-how that assists in selecting the varieties 

suitable for every type of farmland and how to apply the proper cultivation 

techniques for each selected variety.  

 

3.4.4.  Establish the climate change response center for the agriculture 
sector  

For a stable food supply system to properly operate in response to climate change, 

we need to establish ‘Climate Change Response Center for Agriculture (tentative)’ 

which serves as a clearinghouse for applied research and policy. The functions of the 

Center would be to synthesize the results of related research, the needs of the actual 

field of farming, and policy-making and assessment.45 This Center should be able to 

carry out comprehensive research into climate change mitigation and adaptation, and 
                                                                          
45 The Ministry of Food, Agriculture, Forestry and Fisheries announced the basic direction for ‘MIFAFF 

Climate Change Response Center,’ the central agency for climate change response, in the master plan 
for climate change response in the fields of agriculture, food, forestry and fisheries in May 2011. 
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develop policy programs and to work to develop and evaluate the various policy 

programs adopted by central and the local government agencies involved in building 

a stable food supply system. Effective promotion of the climate change response 

policies for the agricultural sector requires the MIFAFF take a leading role, with 

proper role division among the related subjects including research institutes, 

government organizations and farmers, as well as comprehensive and systematic 

research and policy development by the Center.  

The Center should also be in charge of evaluating related policies as well as 

analyzing the impact of climate change on each field of agriculture and each variety. 

It should also be responsible for preparing the roadmap for climate change adaptation 

and mitigation measures, and the associated task of proposing regional climate 

change adaptation measures, based on the results of a vulnerability assessment. 

Additionally, the Center activites support traing and education program for farmers 

and agri-business regarding climate change mitigation and adaptation in agriculture 

and food sectors. In order for the Center to work properly, there should be a legal 

basis for dealing with its organization and functions. Though it is vital to secure a 

proper budget for its establishment, it is also an important task for the Center to 

secure dedicated staffs in charge of climate change responses from the relevant 

agencies, including the Ministry of Agriculture, Food and Rural Affairs.  

In the environmental sector, Korea Adaptation Center for Climate Change 

(KACCC) was established in July 2009 within the Korea Environment Institute, as a 

non-statutory organization under the Ministry of Environment, in accordance with 

the ‘Master plan for National Climate Change Adaptation’. It has since been in 

charge of everything about the climate change adaptation projects.46 As it requires 

interdisciplinary research and cooperation, Korea Adaptation Center for Climate 

Change has 17 organizations, including Korea Meteorological Administration, 

National Institute of Environmental Research, National Academy of Agricultural 

Science, Korea Forest Research Institute, National Fisheries Research and 

Development Institute, as its participating partners.  

 

 
                                                                          
46 Since being established in 2009 as an agency under the Korea Environment Institute, the Korea 

Adaptation Center for Climate Change has promoted various functions including policy support for 
climate adaptation, support for climate change impact and vulnerability assessments, establishment of 
national and international climate change adaptation networks, support for government delegations at 
international discussions on adaptation, and research works necessary for climate change adaptation 
policy and practice (http://ccas.kei.re.kr/english/ eng_index.do). 
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The current imbalance between supply and demand in the international grain 

market has been caused by climate change, an increase in grain demand following 

the economic growth of China and India, and competition between food and bio-fuel 

for grain. This has resulted in increasing concern about skyrocketing food prices and 

made building a stable food supply system the challenge of the era.. So far, climate 

change has been addressed as a particular case for establishing food policy measures. 

But now, as climate change affects the political decision-making as an important 

variable, it is necessary to prepare systematic countermeasures to climate change 

through scientific and comprehensive analyses. 

In order to seek measures to ensure stable food supply in response to climate 

change, climate change scenarios were prepared based on the actual conditions and 

prospect of domestic and international climate change. These scenarios were then 

employed to analyze the impact of climate change on food supply s using a ‘the 

climate-food simulation model’, simulated the relationship between climate, crop 

cultivation, and food, both its supply and demand. Accordingly the results, which 

analyzed the impact of climate change on food supply under the RCP, proved that 

crop yield would be considerably reduced due to climate change, though the extent 

might vary depending on the particular crop.  

The model proved that climate change would bring about a decrease in the 

domestic production base as well as the area of arable land area. Furthermore, the 

model revealed that there would be an increase in the frequency both the intensity of 

abnormal weather and water shortages. Therefore, the findings revealed a crucial 

need to establish appropriate food supply measures. One measure was deemed to be 

of particular importance; that of domestically producing an amount of grain sufficient 

to meet national needs. The urgent need for measure came from the fact that the 

international grain market has the characteristics of a thin market, wherein the 

market’s trade is very small compared to the yield. The problem with such a thin 
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market is that if a sufficient amount is not secured within the country when supply is 

short, that shortage will cause considerable shocks with accompanying social costs.  

From the survey of the farmers’ perceptions of, and reactions to, climate change, it 

appeared that there was a growing demand from farmers for relevant information as 

well as a willingness on their part to accept the associated adaptation technology. The 

conclusion to be drawn from this is that if the proper measures are prepared, 

considerable policy outcomes can be achieved.  

The major obstacles to successfully building a stable food supply system in 

response to climate change relate to four aspects, being an insufficiency in domestic 

production capacity, buffering capacity, overseas import capacity, and policy 

response capacity.  

With regards to addressing the first insufficiency, namely domestic production 

capacity, five key tasks were identified, being developing and spreading the 

adaptation technologies, preserving the area of farmland, expanding the arable 

utilization rate, practicing Climate Smart Agriculture using the fusion technology, 

and modernizing agricultural infrastructure.  

With regards the second insufficiency, namely the lack of buffer capacity, in other 

words and so the nation’s climate change impact mitigation capacity, three key tasks 

were identified, namely to enhance resilience and biodiversity, to build a risk 

management system, and to expand both domestic and overseas food stockpiles.  

With regards the third insufficiency, namely an insufficient overseas import 

capacity, the three key tasks identified are to construct overseas food bases, to more 

effectively utilize the international grain market and to strengthen international 

cooperation with countries with which Korea maintains a trading relationship.  

With regards the fourth insufficiency, namely a lack of policy response capacity, 

the six key tasks are to elaborate on the climate change impact analysis model, to 

expand its political utilization, to expand  investments in research and development, 

to build a vulnerability assessment system, to strengthen education and training, and 

to establish the climate change response center.  

Of all the measures listed the most important, the most urgent, is to immediately 

prepare and then constantly and tirelessly implement viable step-by-step measures 

for conserving the farmland and for enhancing the arable land utilization rate, for the 

modeled expectation is that domestic production bases will be reduced due to 

continuous encroachments on the arable land area. For unless drastic measures for 

producing the nation’s food, using the nation’s domestic natural resources to the 
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utmost, are not introduced and stringently enforced in response to climate change, a 

significant level of yield reduction is inevitable and the nation’s reliance on imports 

to compensate such reduction is expected to increase. The problem with an 

increasing on imports is that the demand for food from the future international grain 

market is expected to continue growing due to population growth. At the same time it 

is difficult to foresee any significant increase in supply unless a considerable rise in 

the level of technical innovation is achieved. Under such conditions a rise in the price 

of food is inevitable. As the price of food spikes and then spikes again food problems 

in developing countries will become ever more serious; increasing malnutrition, 

increasing starvation and an increasing gap between rich and poor. Thus, food 

problems will become a global issue. All of this turmoil will be exacerbated by the 

competition between the use of grain use as food source and the use of grain as bio-

fuel becomes ever more intense.  

The important challenge for Korea under these ever more dire circumstances is to 

find the proper answers to the questions of where Korea is now and what we will 

need to do for the future. Perhaps the most important follow on question from this is 

whether it is still possible to buy a large amount of food whenever it is needed, 

providing of course that there are enough funds to do so in the future. It is necessary 

to review this matter in depth for the ever increasing importance of food security 

under conditions of climate change can be understood in this context.  

When the changes in domestic and international conditions are taken into 

consideration, the urgent need for a paradigm shift in policy responses to the issue of 

food supply, under conditions of climate change, becomes ever clearer. Only 

proactive step-by-step countermeasures from a national risk management standpoint 

will ensure a stable future supply of food in response to the increasing encroachments 

of climate change. For the stable food supply system to work properly in response to 

climate change, a significant budget commitment and institutional improvement are 

required for developing and spreading the climate change adaptation technologies 

and building up of an integrated national food system. Therefore, it is necessary to 

raise the awareness of the relevant agencies including policy makers, farmers’ 

organizations and related businesses, to this issue, as this will; permit the 

establishment of an organic cooperative relationship between the relevant agencies, 

and ensure proper role division among them. In addition, for the practical and 

continuous operation of the food supply system to be achieved a Climate Change 
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Response Center for Agriculture (tentative) that can apply the research achievements 

to the field and maximize the policy performance is both encouraged and needed.  

In this study, several key challenges were presented in the four different areas 

related to building a stable food supply system that can overcome the challenged of 

climate change. It is expected that the nature of the policies that need to be prioritized 

and promoted, given the constraints of budget, organization and information will be 

addressed in future research. Also, in order for the solutions to key challenges to 

work properly in the field such that policy outcomes to be maximized, a consortium 

of research in the related fields of agriculture, agricultural meteorology and 

agricultural economics should be created as the preparation of specific action 

programs for each field will be constituted from this body of knowledge.  

Furthermore, follow-up studies should be conducted to verify the expenses 

required for developing reliable climate change impact assessment models and the 

effectiveness of the enforced policies. For this field research can be used to prepare 

effective measures in the struggle to build a stable food supply system. 
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