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Summary

 The scarcity of water, energy and food resources and the instability of their supply and demand have 

increased the interdependence among different resources, and the uncertainty of individual resource 

management policies and their unintended effect have been generated, leading to a higher 

significance of the integrated management of resources.

– The rapid economic growth, the growing demand for biofuel, urbanization, globalization, and 

climate change since the 1950s have triggered the increase in resource consumption and 

undermined the stable supply and demand.

– The individual use of resources and the introduction of cost-effective technologies affect the 

supply and demand of other resources.

 The water-energy-food nexus is a concept presented as a decision-making tool for the integrated 

resource management with context-specific features.

– The discussion over the water-energy-food (WEF) nexus has continued, while its accurate concept 

has not been defined yet.

– The components of the nexus, their correlations and external factors can differ depending on the 

purpose and target of research. 

– Unlike traditional resource management methods, the nexus considers the correlations between 

different resources and helps sustainable management according to variable factors of each type of 

resource.

 The importance of the WEF nexus is growing due to the changes in the domestic agricultural 

production structure, but the relevant discussion is still focused on the conceptual aspect. The 

resource-related policies have been established individually by each ministry and department, while 

there is also lack of data and consistency between materials, hindering the introduction of the nexus.

– Korea is short of studies of institutions that would implement policies based on the WEF nexus 

and changes in systems related to resource management.

– The data on domestic farm households lack the information on sustainability and agricultural 

resource management and lack time and spatial consistency.

 To introduce the WEF nexus in the country, it is crucial to connect the biophysical model and the 

agricultural model, build a database through joint research between academic institutions and relevant 

organizations, and provide user-friendly information.

– Such efforts include the analysis of optimized distribution of limited resources by using the 

biophysical and economic models, the creation of a consistent and useful database through joint 

research, and the provision of analysis results that can be easily utilized by policymakers and 

stakeholders.

www.krei.re.kr
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01 Concept and Application of WEF Nexus

1.1. Background of the Emergence of the Water-Energy-Food Nexus

 Since the 1950s, the scarcity of water, energy and food resources and the instability of their 

supply and demand have increased due to multiple reasons, including the rapid economic 

growth, the growing demand for biofuel, urbanization, globalization, and climate change 

(Hoff 2011).

◦The global population has been on the steady rise, currently exceeding 7.4 billion. The world’s 

daily caloric intake per person went up from 2,370 kcal in 1969-1971 to 2,772 kcal in 

2005-2007 (FAO 2012). The annual energy consumption (oil equivalent) per person also 

jumped from 1,336,000 kg in 1971 to 1,894,000 kg in 2013 (World Bank 2017).

◦The production of biofuels is consistently growing with the support of policies. To be specific, 

the production of biofuels increased from 16 billion liters in 2000 to 100 billion liters in 2010 

(IEA 2011). Such an increase further boosted the demand for land and water resources that are 

required for the production of biofuels.

◦As producing areas have been distinguished from consuming regions due to urbanization, the 

amount of resources used for transport and supply has increased. The amount of water, energy 

and food resources consumed by the same number of population has also jumped due to the 

enhanced standard of living in urban areas (Choe Byeongman et al. 2017).

◦Globalization has sped up the growth of developing countries, spurring up the demand for 

urbanization and resources as mentioned above. Globalization has also strengthened the regional 

connectivity regarding the use of resources, and accordingly, the impact of the unstable supply 

and demand of resources has spread to producing areas and even to all around the world.

 The demand for water, energy and food resources is expected to keep growing, and the 

interdependence between various resources will be strengthened.
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◦The Food and Agriculture Organization (2012) predicted that the demand for food would go up 

by 60% by 2050 compared to the average demand for food in 2005-2007 with a growing 

population and economic growth. In order to meet such a demand, 70 million ha of land is 

expected to be additionally utilized for producing grains in 2050 (an increase by 132 million ha 

in developing countries, a decrease by 63 million ha in advanced countries). It is also forecasted 

that the irrigation area will increase by 20 million ha mainly in developing countries, with the 

global irrigation area reaching 322 million ha in that year.

◦Urban residents took up around 54% in the global population in 2015, and are expected to reach 

66% by 2050 (UNPD 2017).

◦The World Energy Council (2015) predicted that the demand for energy would increase by 

27-61% by 2050 compared to the figure in 2010, according to policy scenarios. In addition, the 

energy production using biofuels and hydroelectric power is expected to grow significantly in 

2035, implying a more strengthened interdependence among water, energy and food resources 

(IEA 2012).

◦In the food supply chain, the agricultural sector accounts for 70% of the freshwater consumption 

and 30% of the energy consumption in the world for producing agricultural, forestry and 

fishery resources (FAO 2011a; FAO 2011b). In some countries, the agricultural sector takes up 

a whopping 80-90% in the water use (Renee et al. 2012)

◦In 2050, the demand for water is expected to grow by 55% from 2000, with the largest increase 

in the manufacturing industry and the power generation sector (OECD 2012). The demand for 

water in non-agricultural sectors may hinder a smooth supply of water resources for irrigation, 

which is required for producing food.1)

1) The demand for irrigation water may differ depending on the used model and assumption. In the data provided by the FAO (2012), 

it was expected that the irrigation water consumption would go up by 6% from 2005/2007 to 2050, but OECD (2012) predicted that 

the irrigation water consumption would decline by 2050.
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Table 1. Potential Farmland by Region (Based on Farming Relying on Rainwater)

Unit: Million ha

Total 
Area

Land suitable 
for farming (A)

Land in use
(1999/2000, B) Unusable 

area (C)

Expandable 
area 

(A-B-C)Farming relying 
on rainwater

Irrigation 
farming

Developing 
countries

Sub-Saharan Africa 2,281 1,073 180 3 438 451

Latin America 2,022 1,095 137 15 580 363

Near East, North Africa 1,159 95 38 12 9 37

South Asia 411 195 85 55 43 11

East Asia 1,544 410 122 53 140 94

Other regions 70 25 2 0 16 7

Subtotal 7,487 4.495 565 138 1,227 963

Advanced countries 5,486 1,592 497 58 590 447

World 13,295 4,495 1,063 197 1,824 1,412

Note 1) The predicted figures include the data on cereals, roots and tubers, sugar crops, pulses, and oil-bearing crops. A land suitable for 

farming (A) indicates a land of which the crop yield accounts for 40% or over of the maximum constraint-free yield.

         2) An unusable area (C) means a forested land, a building or a protected zone.

Source: Sung Jaehoon (2016) re-quoted the figures predicted by the FAO (2012) using GAEZ-v3.0 (Fisher et al. 2011).

 The asymmetric distribution of resources and climate change intensify the instability of the 

supply and demand of resources.

◦After the increase in the prices of food and energy from 2007 to 2008, concerns were raised 

over the stable supply and demand of food and energy (Allouche et al. 2014; IPCC 2014b).

◦About 60% of farmland expandable for food production is concentrated in Sub-Saharan Africa, 

Latin America, and advanced countries (see Table 1).2) Such an asymmetric distribution of 

agricultural resources can result in an imbalance in the distribution of food resources, and an 

increase in food production may not lead to a reduction in the population with undernutrition 

(FAO 2012).

◦Resources have actually been unfairly distributed due to the economic growth and urbanization, 

which can trigger conflicts over the use of resources between different social classes or between 

different countries. For example, around 10.9% of the global population in 2014-2016 was 

undernourished,3) and undernourished people accounted for roughly 12.7% in the total 

population in developing countries. In the total undernourished population in the world, South 

Asia, Sub-Saharan Africa, and East Asia including North Korea took up 81.4% (FAO 2015).

2) To be specific, over 50% of potential farmland is concentrated in Brazil, Argentina, Sudan, China, the Democratic Republic of the 

Congo, Angola, and Mozambique.

3) Undernourishment means that a person is not able to acquire enough food to meet the daily minimum dietary energy requirements 

over a period of one year (FAO 2015).
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◦The Intergovernmental Panel on Climate Change (IPCC 2014b) forecasted that the yield of 

grains would drop by 1% every year for a decade due to climate change. In particular, the yield 

of grains was expected to significantly decrease due to climate change in Sub-Saharan Africa 

with many potential farmlands, which may work as a huge obstacle to the supply of food and 

bioenergy in the future (Schlenker & Lobell 2010). 

◦Water resources are predicted to decrease in most regions of high population density due to 

climate change. When the temperature goes up by 1℃, renewable water resources used by 

around 7% of the global population are expected to be reduced by over 20% (IPCC 2014a).

◦Changes in the precipitation pattern and a rise in temperature caused by climate change can 

affect the efficiency of thermoelectric and hydroelectric power plants, which may hinder the 

production of energy (IPCC 2014a; IPCC 2014c).

1.2. Limitations of Individual Resource Management Policies

 The need for the integrated management of resources came up in the discussion over 

sustainability that started in the 1990s (Al-Saidi & Elagib 2017).

◦Productivity enhanced through technological development or policy support may lead to an 

intensive use of resources. The input of resources exceeding the optimal amount reduces the 

marginal productivity of resources and does not guarantee the sustainability of production 

(Struik et al. 2014). 

 In the United Nations Conference on Environment and Development and the International 

Conference on Water and the Environment in Dublin in 1992, the integrated management of 

water resources was proposed for efficient management. However, the Dublin approach or the 

integrated water resource management only targeting water resources has many limitations in 

the decision-making process for the efficient management of water resources, and the need for 

a new management system of water resources came up due to climate change and a rapid 

economic growth in developing countries.
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 The uncertainty of individual resource management policies and their unintended effects 

strengthened the need for the integrated management of resources.

◦Biofuels were introduced through government policies to reduce carbon emissions and increase 

the self-sufficiency of energy, but such policies increased the demand and price of biofuel 

crops. Farmers wanted to use even marginal lands and grasslands to produce biofuel crops and 

maximize their profits, which resulted in the increase in carbon emissions. 

◦Herbicide-tolerant corns were cultivated through genetic manipulation to make them resistant 

to glyphosate, an effective herbicide less toxic than other existing ones. But such herbicide- 

tolerant corns caused farmers to rather rely on one particular herbicide type for weed control. 

The resistance of weeds to herbicides was strengthened due to the use of a particular type of 

herbicide, undermining the effectiveness of this particular herbicide and herbicide-tolerant corns. 

◦The introduction of cost-effective technologies can rather boost the use of relevant resources 

(rebound effect). For instance, Pfeiffer & Lin (2014) analyzed that water consumption 

increased in Ogallala-High Plain regions after local farms employed a certain technology (low 

energy precise application) to reduce the use of water for crop cultivation. That was because 

farms expanded irrigation areas as much as the reduced amount of water. In Korea, likewise, 

farms that introduced geothermal heating pumps used the pumps for more hours compared to 

traditional-type farms. 

◦In order to reduce the inefficient use of resources and the increase in expenses that can be 

caused by the introduction of new technologies and policies, it is important to implement 

government policies such as ownership restrictions and regulations on the use of intermediate 

materials as well as the integrated management of resources.

1.3. Concept of the Water-Energy-Food Nexus

 The discussion over the water-energy-food (WEF) nexus has continued, while its accurate 

concept has not been defined yet.

 That is because the WEF nexus can be deemed as a kind of platform that evaluates the impact 

of related policies or changes in external factors by considering the three resources as one 

system. 
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 As mentioned above, the WEF nexus was proposed as an alternative to overcome the 

limitations of the integrated management of water resources. Therefore, the nexus can serve 

as a decision-making process or a policy assessment tool that provides crucial information for 

making decisions for the integrated resource management.

 The discussion over the WEF nexus has been context-specific. In other words, the components 

of the nexus, their correlations and external factors can differ depending on the purpose and 

target of research. That means the nexus is more of a practical decision-making tool, not a 

conceptual framework.

 Table 2 shows the differences between traditional resource management methods and the 

nexus-based resource management regarding agricultural resources. The agricultural 

resource management based on the WEF nexus considers the correlations between different 

resources and helps sustainable management according to variable factors of each type of 

resource, which is its distinguishing feature compared to traditional resource management 

methods.

Category Traditional Resource Management Nexus-based Resource Management

Supply and 
demand of water 
resources

- Estimate the necessary amount per unit area
- Utilize the cultivation area for each type of crop

- Amount of water consumption according to 
changes in the demand for food

- Assess the amount of supply focusing on the use of 
crops

- Evaluate focusing on the supply source of 
water (reservoir, surface water, groundwater)

- Evaluate the possibility of the use of soil water 
(green water)

- Evaluate the supply of additional irrigation water 
(blue water)

- Analyze by connecting green water and blue water

Changes in the 
supply and 
demand of food

- Estimate the total demand based on the 
cultivation area of crops

- Apply the amount of food consumption according 
to the food consumption pattern

- Estimate the necessary amount of green and blue 
water by considering changes in the 
self-sufficiency rate of food

Changes in the 
supply and 
demand of energy

- Management policies focusing on 
industry-centered energy demand

- Apply the relation of energy consumption for 
agricultural resource management

- Consider the necessary amount of energy for 
resource management policies

Application of 
climate factors

- Analyze the supply and demand of water 
resources according to drought frequency

- Analyze the reduction in the food producing 
function due to climate change

- Connect the impact of climate change on each type 
of resource to adapt to climate change

- Analyze the efficient distribution of water 
resources according to climate change

Connection 
between different 
resources

- Analyze based on individual resource units
(drought-water, drought-output)

- Simultaneously apply the impact of water, energy, 
food and climate change, mutual feedback, and 
limiting factors by using system dynamics

Source: Lee Sanghyeon and Choe Jinyong (2015).

Table 2. Comparison between Traditional Resource Management and Nexus-based Resource Management
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1.4. Trend in Overseas WEF Nexus Research

 The WEF nexus was first proposed in the 2008 World Economic Forum. But the nexus was 

formed focusing only on water resources due to the perception that the stable supply of water 

resources could affect the sustainability of economic growth (Allouche et al. 2014). 

 In the Bonn 2011 Nexus Conference, the need for an integrated approach to water, energy, 

food and their correlations was highlighted. The conference triggered the follow-up studies 

and research related to the nexus. 

◦In the 2011 World Economic Forum, the need for a new decision-making system came up to 

encompass various topics, including climate, population and trade, in an integrated way, and it 

was discussed under the theme of the WEF nexus.

◦In November 2011, the Stockholm Environment Institute (SEI) hosted the Bonn 2011 Nexus 

Conference. Starting with the keynote speech titled “The Water, Energy and Food Security 

Nexus—Solutions for the Green Economy,” the German government, the International Food 

Policy Research Institute (IFPRI), the World Wildlife Fund (WWF), the World Economic 

Forum (WEF), and other international organizations explored the possibility to connect water, 

energy and food resources. In the Rio+20 UN Conference in 2012, the participants discussed 

the nexus with a wide range of topics such as water, food and sustainable farming.

◦In the 6th World Water Forum (WWF) held in Marseille in 2012, the discussion was focused on 

activities and the decision-making process for implementing the nexus at the regional, country 

and international level, under the theme of “Water, Energy and Food Security Nexus.”

◦Such a discussion continued in the 6th World Water Forum conducted in Daegu and 

Gyeongsangbuk-do, Korea in 2015. The theme “Water-Food-Energy Nexus” was discussed in 

a special session, and water-energy and water-food nexuses were proposed as action goals. 

 After the Bonn 2011 Nexus Conference, various types of nexuses were presented through 

multiple studies based on research purposes and target regions (see Figure 1). 
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Figure 1. Example of the Configuration of a Nexus

Source: UN ESCWA (2015).

 Researches on the assessment tools for the WEF nexus are being conducted largely by 

international organizations, including the FAO, OECD and the EU.

 The FAO established a nexus assessment tool based on indexes and assesses projects of each 

region related to food production.

◦First of all, the FAO (2013) presented the Multi-Scale Integrated Assessment of Society and 

Ecosystem Metabolism (MuSIASEM) to analyze the WEF nexus. MuSIASEM identifies the 

use of resources in a target region based on resource metabolic matrices that are similar to 

input-output tables and social accounting matrices. It measures the impact of changes in 

external conditions or policies using resource metabolic matrices, and makes graphics of such 

changes through the geographic information system.

◦The FAO (2014) presented a policy decision-making process based on the nexus and a 

quantitative assessment method based on indexes. To be specific, the current conditions related 

to water, energy, food, labor and capital are described by using relevant indexes determined in 

discussion between stakeholders, and the impact of changes in external conditions and policies 

is measured based on changes in the indexes. The FAO (2014) expressed the amount of such 

natural resources and the impact of external conditions and policies using a radar chart shown 

in Figure 2.
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◦This methodology presented by the FAO is advantageous in that it can be easily applied, while 

it cannot take into account economic behaviors of a target of the policy.

◦The FAO also uses the nexus assessment tool to identify the impact of government policies on 

water, energy and food resources. The government policies here include solar-powered irrigation 

(Kenya), bioethanol production (South Africa), energy subsidies (India), the construction of a 

hydroelectric power plant in the Mekong River, and the establishment of wind-power seawater 

desalination facilities (Spain).

Figure 2. Example of Nexus Assessment 1.0 Policy Evaluation 
(Wind-power Seawater Desalination Facilities in Spain)

Note 1) The background color of the graph is set by comparing the reference value of each resource and the weighted average of the index of each 

resource in the target region. Yellow means no difference between the reference value and the weighted average. Green means that the 

sustainability of the supply and demand of the resource in the target region is higher than the average. Red means that the sustainability 

of the target region is below the reference point.

         2) The graph describes the nexus assessment result of the seawater desalination facilities in Spain. The position of the five corners of the 

pentagon in the radar graph signifies the consumption of five resources based on policies. When the position of a corner is over 3, the 

use of the resource increases.

Source: FAO (2014).

 The OECD presented the land-water-energy nexus as one of major research themes of the 

“Costs of Inaction and Resource scarcity: Consequences for Long-term Economic growth” 

(CIRCLE) project.

◦The ENV-Linkages–IMAGE model was presented as a land-water-energy nexus assessment 

tool (see Figure 3). ENV-Linkages is a dynamic computable general equilibrium model of the 

world’s economic activities including trade. The IMAGE model analyzes the impact of changes 

in environmental conditions (e.g. climate change) and economic activities (e.g. changes in the 

use of land, food production, energy production). These two models are targeted at a country or 

a larger region.
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◦The OECD estimated the cost of inaction on the nexus by comparing the case in which there are 

obstacles in the three resources due to changes in external conditions (bottleneck) and the case 

in which there is no obstacle (reference).

◦The OECD (2015) measured the impact of changes in external conditions, such as the limitations 

in the use of groundwater, the reduction in farmland due to urbanization, the increase in 

hydroelectric power generation and climate change, on water and food resources and their 

economic values as of 2060.

Figure 3. Combination of ENV-Linkages Model and IMAGE Model

Source: OECD (2015).

 The EU has implemented the Sustainable Integrated Management FOR the NEXUS of water- 

land-food-energy-climate for a resource-efficient Europe (SIM4NEXUS) since June 2016.

◦SIM4NEXUS is focused on the water-land-food-energy-climate nexus, and evaluates the 

impact of changes in external conditions and policies based on seven thematic models, including 

the aforementioned model IMAGE, economic models E3ME, MAGNET, an agriculture-specific 

economic model CAPRI, an energy supply/demand model OSeMOSYS, a hydrologic model 

SWIM, and a land-use model MAgPIE-LPJmL.

◦Unlike existing models created by the OECD and FAO, SIM4NEXUS is aimed at considering 

the direct and indirect interconnectivity among water, energy, food, land and climate. For 

instance, changes in water resources have a direct influence on land, and can also affect land 

indirectly through three other resources. There are 20 direct and indirect routes through which 

water resources can affect land. All these routes are taken into account through expert 

consulting and models in SIM4NEXUS (see Figure 4).
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◦SIM4NEXUS features the serious game and consulting. The serious game describes the 

analysis result using scores like games and the impact of policies using graphics, so that 

policymakers and stakeholders can easily understand the result. SIM4NEXUS also provides 

expert consulting based on the analysis result.

Figure 4. Example of Nexus Tree of SIM4NEXUS (Impact of Changes in Water Resources on Land)

Note: W, F, L, E and C refer to water, food, land, energy and climate, respectively. The figure above signifies the direct and indirect ways through 

which changes in water resources affect land resources.

Source: Laspidou et al. (2017).

1.5. Domestic Research on the WEF Nexus

 In Korea, WEF-nexus-related studies have focused only on the concept of the nexus, while 

lacking in the comprehensive evaluation of impacts considering the interconnectivity 

between different elements. 

◦The domestic discussion over the connection among water, energy and food sectors started 

focusing on water resources. However, most studies emphasized the need for integrated 

resource management policies and technologies based on the interconnectivity between 

different resources (Lee Sanghyeon et al. 2015; Lee Eullae et al. 2015; Jang Seokhwan 2015; 

Hong Junhui 2015; Kim et al. 2015; Kim Seongjun et al. 2017; Ryu Munhyeon 2017; Choe 

Byeongman et al. 2017; Choe Jinyong 2017). 
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◦Lee Sanghyeon et al. (2015), in particular, pointed out that most domestic nexus-related studies 

focused on the conceptual aspects, and highlighted the need to introduce a Korea-specific nexus 

system focusing on food, water and climate impact unlike overseas ones that are based on 

energy-related aspects.

◦The study by Lee Eullae et al. (2015) asserted that Korea has a high level of management and 

operation technologies for individual resources, while the country is short of discussion over 

the water-energy-food connection technologies (nexus) aimed at improving the efficiency of 

the use of resources. The study also emphasized the need for comprehensive and efficient 

resource security policies focusing on water resources when a new national agenda is being 

prepared regarding water resources. 

 The nexus approach from the aspect of food production has recently been discussed along 

with concepts such as soil security.4)

◦The study by Im Gyeongjae (2018) noted that 41% of domestic water consumption is used for 

farming, 90% of which is utilized in rice fields. The study argued that the efficient use of 

irrigation water based on the connectivity among water, energy and food resources is crucial for 

sustainable water management from the perspective of agriculture, proposing the application of 

the optimized management technique.

◦The study also highlighted that land security that was not considered before is a key factor in 

actualizing the WEF nexus technology.

 Some tax systems and policies with consideration for interconnectivity between resources 

have been proposed, but the interministerial discussion over the integrated management of 

water, energy and food resources is still insufficient.

◦For example, K-Water has taken the initiative in the water management project. The institution 

commenced the floating solar power project to promote the efficient use of land and facilitate 

the introduction of water-using eco-friendly energy. In order to reduce carbon generation and 

energy consumption in the supply of drinking water, the carbon footprint system has been 

expanded since 2011 to manage the amount of carbon generated in the whole process of 

production and supply of tap water and bottled water.

4) Soil security is a comprehensive concept that encompasses the management and improvement of soil resources that produce food, 

fiber and fresh water, maintain biodiversity, and protect the ecosystem.
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 The Ministry of Agriculture, Food and Rural Affairs (MAFRA) announces an annual plan for 

promoting science and technology for food, agriculture and forestry every year as a part of the 

2nd Master Plan for Promotion of Science and Technology for Food, Agriculture and Forestry 

(2015-2019). The Ministry is planning to develop and introduce technologies that can 

encompass water, energy and food sectors in the field of agricultural production (see Table 3).

◦Among the four focus fields, key strategic technologies in the categories of the improvement of 

global competitiveness and the creation of new growth engines are closely associated with the 

efficient use of energy and water resources (e.g. energy and water reduction technologies in the 

production of agricultural products or bioenergy production technologies).

Unit: KRW million

4 focus fields 14 categories 50 key strategic technologies MAFRA RDA KFS

Improvement of 
global 
competitiveness

Improvement of 
the structure of 
agricultural 
business

Post-harvest management and freshness preservation 
storage/distribution technologies for fresh agricultural 
products

3,814 2,812 -

Stable production of horticultural crops and energy 
reduction technologies for controlled horticulture

4,493 6,209 -

High-value-added 
food

Integrated production management system for 
enhancing the efficiency of food processing

4,630 934 400

ICT convergence

Technologies for intelligent precise agricultural 
production

4,413 2,778 -

Development of profitable plant factory business models 1,815 2,140 -

Intelligent integrated control system of farming water 1,906 652 -

Creation of new 
growth engines

Agricultural and 
rural energy

Mass production technologies for bioenergy crops 1,000 950 -

High-efficiency production and commercialization 
technologies for bioenergy

- 272 -

Technologies for the use of woody bioenergy and woody 
substances

- - 1,610

Stable supply of 
food

Increase in the 
self-sufficiency 
rate of food

Technologies for the development and stable production 
of a new variety of high-quality, high-productivity staple 
grains

1,970 9,918 -

Response to 
climate change

Development of climate-change-adapted varieties and 
relevant production technologies

430 5,675 103

Promotion of 
happiness of the 
people

Production of safe 
food

Safety management of agricultural products and harmful 
substances

3,898 4,884 247

Technologies for establishing a safety management 
system for livestock products over the whole life cycle

1,079 2,932 -

Safety and quality management of agricultural products 
in the distribution process

2,379 2,837 -

Source: MAFRA (2017). 

Table 3. Investment in 50 Key Technologies in 2016 by Ministry and Administration (Summary)
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02 Needs for and Obstacles to the Application of WEF 
Nexus 

2.1. Management of Agricultural Resources and Connectivity between Resources

 Since the 1990s, domestic cultivation areas have decreased continuously due to the reduced 

rice paddy areas, which are caused by an increase in demands for farmland in non-agricultural 

sectors.

 While the production index of growing business is on the decrease, the production index of 

stockbreeding is continuously on the rise. This indicates that the percentage of stockbreeding 

is gradually increasing in Korean agricultural production. The production index of total 

agriculture is slowly on the rise due to the increased production in stockbreeding. The increase 

in the percentage of stockbreeding boosts the use of energy and water resources for agricultural 

production.

 The food self-sufficiency rate, including forage crops, has decreased. This is because most 

food crops other than rice depend on import.

Figure 5. Indexes Related to Domestic Agricultural Production

Source: Statistics Korea.
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 Since 1965, the usage of water resources in Korea has increased at an annual average of 4%; 

the usage of domestic water resources in 2016 reached 37.2 billion m3/year. Agricultural 

water accounts for the biggest percentage (40.9%) of the usage of domestic water resources, 

but the percentage has been continuously on the decrease since 1965. This is caused by a rapid 

increase in the percentage of rice paddy irrigation and increased consumption of agricultural 

water in resource-intensive stockbreeding and cultivation under structure. 

 As the total amount of available water resources in Korea is currently more than the total 

amount of consumption, food production is not likely to be limited by lack of agricultural 

water. However, there are some recent problems in the stable supply of agricultural water due 

to frequent local droughts. 

◦As high-temperature phenomena such as heat wave and tropical night are expected to be 

continuously more frequent for climate change, demands for irrigation water in agriculture will 

increase. This implies that more conflicts for water resources between the agricultural and 

non-agricultural sectors can occur. 

Figure 6. Current Usage of Water Resources in Korea

Source: Statistics Korea.

 Agricultural water has little impact on energy production through hydroelectric power 

generation.

◦Much agricultural water is supplied through agricultural reservoirs (56.2%) or wells (5.5%), 

which are not related to electricity production. Most rice paddies use water from streams and 

creeks by 8,000 m3 or under a day. 
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◦Only 1.5% of total rice paddy irrigation is supplied with agricultural water from a pumping 

station with the daily water intake of 8,000 m3 (Kim Hongsang 2011). 

 Food production has little to do with energy resources (New & Renewable Energy White 

Paper 2016). 

◦The energy consumption in the agricultural sector is 3% lower than the total energy 

consumption, while the total energy consumption in the production of chemical fertilizers is 

only less than 1% of the total energy consumption. 

◦Most bioenergy resources in Korea rely on lignocellulosic biomass or biogas. Biodiesel is 

imported or produced using waste cooking oil. 

2.2. Need for the Application of the WEF Nexus by Change in the Agricultural 

Production Structure and Condition

 An increase in stockbreeding and crops cultivated under structure raises the level of intensity 

in the use of energy and water resources for agricultural production. 

◦According to the analysis results of the database of agricultural farm management bodies in 

2015, greenhouses account for approximately 4% of the total farmland as of 2014. One third of 

livestock farming facilities and half of greenhouses are distributed in agricultural promotion 

areas, while the majority of cultivation houses are distributed in agricultural promotion areas 

(see Table 4). 

◦The growth of stockbreeding and crops cultivated under structure indicates continuous 

demands for agricultural water regardless of farming season.5) In addition, as stockbreeding 

and crops cultivated under structure are more sensitive to water quality compared to crops 

cultivated outdoors, demands for more agricultural water and water quality will increase. 

5) According to Statistics Korea, the production index of leafy vegetables, fruit vegetables and stockbreeding in 2014 doubled or more 

compared to 1990, though fluctuated repeatedly. 



Measures to Establish the Water-Energy-Food Nexus for Agricultural Resource Management

www.krei.re.kr 17

Table 4. Current Status of the Distribution of Agricultural Facility Areas (2014)
Unit: ha

Area

Greenhouse
(including a glass greenhouse)

Cultivation house Livestock farming facility

In the agricultural 
promotion area

Outside the 
agricultural 

promotion area

In the agricultural 
promotion area

Outside the 
agricultural 

promotion area

In the agricultural 
promotion area

Outside the 
agricultural 

promotion area

Total 37,593 25,158 413 418 552 1,149

Source: Analysis of the original database of agricultural farm management bodies in 2015; a cultivation house refers to a facility cultivating 

mushrooms or insects.

 In large-scale facility areas, it is more difficult to manage a farm due to the lowered level of 

groundwater (see Table 5). 

◦For instance, Danmok Zone, Daegok-myeon, Jinju produces low-temperature crops by using 

water curtain cultivation to reduce energy use in winter. Excessive development and use of 

groundwater to supply agricultural water required for water curtain cultivation lead to the 

increased management cost for the lowered level of groundwater. 

◦This tragedy of common goods is one of cases showing the limitations in individual resource 

management. That is, water curtain cultivation, which is adopted to reduce energy cost, has 

caused a rapid increase in the usage of agricultural water and rather increased the management 

cost among farms. 

◦Accordingly, it is necessary to introduce policy and technology by considering not only 

agricultural production and energy, but also agricultural water for sustainable production 

through cultivation under structure.

Table 5. Actual Condition of Insufficient Agricultural Water in Controlled Agriculture Facilities (2014)

Category
Cooperative 

unit
(unit)

Farm 
household

(household)

Size
Well used

(well)

Cooperative 
unit with 

troubles (unit)

Cooperative unit overcoming 
troubles (unit)

(unit) (ha)
Development 
of a new well

Renunciation of 
management

Total 58 2,668 26,558 2,049 10,105 51 26 19

Gyeonggi 8 314 6,635 663 3,515 8 - 8

Gangwon 2 20 234 9 604 - - -

Chungbuk 5 183 1,978 176 830 5 5 3

Chungnam 5 222 3,660 271 1,200 5 5 1

Jeonbuk 7 518 3,450 246 1,698 7 7 2

Jeonnam 19 611 3,073 272 906 16 8 1

Gyeongbuk 6 380 3,668 154 922 6 - 1

Gyeongnam 6 420 3,860 258 430 4 1 3

Source: Internal materials of the Ministry of Agriculture and Forestry. Survey period: March 2014, Survey subject: Cooperative units in 

controlled agricultural facilities.
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Figure 7. Number of Cities, Districts and Counties with Drought since 2001

Unit: Number of cities, districts and counties

Note 1) The level of “extremely severe” in the intensity of drought refers to the case where days when the accumulated precipitation for the latest 
six months in the farming season (April to October) compared to average years is approximately 45% (SPI6 -2.0 or under) continue for 
20 or more days and where the reservoir storage rate is 40% or under. The level of “severe” refers to the case where SPI6 is -2.0 or under 
and the reservoir storage rate is 50% or under. The level of “caution” refers to the case where the accumulated precipitation for the latest 
six months compared to average years is approximately 55% (SPI6 -1.5 or under) and where the reservoir storage rate is 60% or under. 
However, in case without the storage rate, the intensity of drought was set by SPI index.

         2) The value in the graph indicates the sum of drought days in each city, county and district.

Source: Lim Youngah et al., 2017.

Figure 8. Average Number of Days of Drought since 2001
                                                                                                                                                       Unit: Number of days

Note 1) The level of “extremely severe” in the intensity of drought refers to the case where days when the accumulated precipitation for the latest 
six months in the farming season (April to October) compared to average years is approximately 45% (SPI6 -2.0 or under) continue for 
20 or more days and where the reservoir storage rate is 40% or under. The level of “severe” refers to the case where SPI6 is -2.0 or under 
and the reservoir storage rate is 50% or under. The level of “caution” refers to the case where the accumulated precipitation for the latest 
six months compared to average years is approximately 55% (SPI6 -1.5 or under) and where the reservoir storage rate is 60% or under. 
However, in case without the storage rate, the intensity of drought was set by SPI index.

        2) The value in the graph indicates the sum of drought days in each city, county and district.

Source: Lim Youngah et al., 2017.
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 As the conditions of agricultural water supply have changed, the stable supply of agricultural 

water has become more uncertain. 

◦Droughts and climate change cases, which currently and frequently occur, increase the needs 

for integrated resource management. The number of days of droughts equivalent to the level of 

“severe” or higher level in the standards of drought prediction and alert by the Ministry for 

Food, Agriculture, Forestry and Fisheries has been rapidly increased since 2013 (see Figure 7 

and Figure 8). 

◦In 2015, the number of cities and counties which experienced the level of “extremely severe” 

drought was 21; the average number of days when the level of “extremely severe” drought 

continued reached 18.4. 

◦According to the Long-term Plan for Water Resources (2016), the amount of available water is 

expected to be 26 billion m3 by 2020, which is larger than the originally predicted demand (24.7 

billion m3) by 1.3 billion m3. However, in case of drought, agricultural water is likely to be 

insufficient by the extent from 175 million m3 to 386 million m3 depending on intensity.

◦As rural areas have another significance as settlement areas rather than agricultural production 

due to urbanization and mixed residence, demands for rural water are increased for the 

maintenance of the living environment in rural areas. 

2.3. Obstacles in the Application of Domestic WEF Nexus for the Management of 

Agricultural Resources

  The biggest obstacle in applying the WEF nexus for the management of agricultural 

resources is lack of data.

◦First, in case of domestic farm-level data, information on sustainability or agricultural resources 

management is very insufficient. 

– In particular, all farm-level data except the agricultural production cost survey provide 

information only in the unit of sum. The agricultural production cost survey provides 

information only on certain items. The livestock production cost survey is not even disclosed 

at all. 
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– Information on farm households for the types of technology used in agricultural production is 

extremely insufficient. When the question for livestock farming facilities in the census of 

agriculture and the question for the types of facilities and livestock farming facilities in the 

database of agricultural farm management bodies are excluded, there is lack of practical 

information to identify the level of technology among farm households.

– Other agriculture-related information such as cropping systems and production in each city, 

district and county has a significantly low level of reliability. 

– It is difficult to identify the accurate usage of agricultural water even in a regional unit. 

◦Second, merging data is not easy due to lack of location information and change in samples.

– That is, as farm-level data do not provide location information, such data can be used only for 

nationwide or city- and province-level analysis. 

– In case of soil environment information provided by the Rural Development Administration 

(RDA) and the database of agricultural farm management bodies, merging can be conducted 

based on location information. However, information provided by the database of agricultural 

farm management bodies lack reliability and accuracy except for information on the cropping 

system of farm households. 

– Most data of farm level except the database of agricultural farm management bodies have 

changed samples in every five years. 

◦Spatial inconsistency is found in farm-level data and biophysical models. 

– Models with the aim of water resource management are mostly based on the unit of basin; 

however, Korean agriculture-related data are based on the administrative unit. 

– For instance, when the effect of change in a cropping system on water resources in 

surrounding areas is analyzed, a research target area can be different from an administrative 

section. However, as the sampling method of agriculture-related microdata is divided in 

administrative units, there are limitations in drawing analysis results corresponding to the 

research target area.

 There is lack of discussion on the establishment of an integrated model considering both 

change in the eco-physical condition and farming activities by farmers. 

◦Whereas researches analyzing only one direction in the correlation between eco-physical 

condition and farm operation, including agricultural resources, are abundant, researches 

merging a biophysical model and an economical model are extremely insufficient. It can be 

said that this is because of not only inconsistency in above-mentioned data, but also lack of 

interest in biophysical models (e.g. hydrological model) in the economic sector. 
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◦Second, empirical studies on the effect of change in the eco-physical condition on the 

production activities by farmers are insufficient. While there are abundant researches on the 

effect of meteorological change for climate change on agricultural production (Kwon Ohsang, 

Roh Jaesun and Suh Yeong 2012; Kwon Ohsang & Lee Hanbin 2012; Lee Hanbin & Kwon 

Ohsang 2015; Kwon Ohsang et al. 2016), researches on the effect of other factors on agricultural 

production are significantly limited. 

 There is lack of research on a stockbreeding model required for the establishment of the WEF 

nexus and non-market value of agricultural resources such as water quality. 

◦Studies on the stockbreeding sector are insufficient. The percentage of the stockbreeding sector 

is continuously on the rise due to change in the agricultural production structure. The effect of 

the stockbreeding sector is extremely high not only on the use of energy and water resources, 

but also on water quality. However, the number of research where the modeling of the 

environmental or economic ripple effect of the sector is conducted is extremely low.

◦The economic effect of the value of water quality and deteriorated water quality is still under 

discussion. This is because water quality is not only used as an input element for production, 

but also has value as public goods or common goods such as leisure. 

 There is lack of research on a managing body leading policy based on the WEF nexus or 

institutional change related to resource management (Howarth & Monasterolo 2016; Al-Saidi 

& Elagib 2017).

◦While agricultural water and food production are managed by MAFRA, most policies related to 

water, energy and food are performed by each sector or ministry. Accordingly, it is necessary to 

discuss inter-ministerial cooperation or organizational reform for the integrated management of 

water-energy-food resources. 
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03 Research Direction for the Application of WEF Nexus

3.1. Data Collection for Interdisciplinary Research and Joint Research of Relevant 

Institutions

 As mentioned in Section 2.3, the largest obstacle in the application of the WEF nexus in Korea 

is the lack of data and materials. That is because it is challenging to integrate all relevant data 

due to the absolute shortage of data and the scattered storage of data in several agriculture-related 

institutions. Therefore, joint research between relevant organizations can play an important 

role in creating data for establishing the WEF nexus.

◦Efforts should be made first to integrate all data, including the soil-related data collected by the 

Rural Development Administration (RDA) based on location information, land registration 

maps organized by the Ministry of Land, Infrastructure and Transport (MOLIT), the data on the 

quality and amount of farming water collected for years by the Korea Rural Community 

Corporation (KRC), the farm household database organized by MAFRA, and the 

meteorological data collected by the Korea Meteorological Administration (KMA). 

 It is necessary to accumulate the data collection knowhow through cooperation with relevant 

organizations and interdisciplinary cooperation based on case studies.

◦It may take a long time and efforts to collect official statistical and biophysical data due to the 

lack of experience in data integration and knowledge of necessary data, interests between 

institutions, and the administrative procedures and expenses. 

◦Official statistical data and materials required for building a regional WEF nexus can be 

insufficient or do not even exist.

◦Therefore, for regional case studies, it is possible to collect data and materials of a target region 

and accumulate knowhow through cooperation between relevant organizations and 

interdisciplinary cooperation. This will reduce time and physical and administrative expenses 

required to create a database for the application of the WEF nexus at the national or regional 

level.
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◦For example, in the ongoing project of RDA titled “Integrated Technology Development for 

WEF Nexus based on Countermeasure Scenarios against Climate Change,” Gyeongsang 

National University, the Rural Research Institute and the Korea Rural Economic Institute 

(KREI) jointly collect the data of Danmok District in Gyeongsangnam-do.

◦This district is where the Rural Research Institute has implemented the groundwater development 

project. The data regarding water curtain cultivation and groundwater use has been collected in 

a professional method. But there is lack of information about business management of farm 

households and the crop growing environment. The project team has prepared questionnaires 

for forming a WEF nexus model and is planning to build a database through the survey of farm 

households.

 In the long term, it is necessary to discuss with Statistics Korea to obtain the access to the 

farm-level data collected by the institution, including the primary data of the survey of 

livestock production expenses and crop production expenses. In addition, it is important to ask 

farms more questions about resource management activities, including the environment 

control method within facilities, irrigation methods, pump capacity, and operation time.

 Interdisciplinary research is crucial in maintaining the consistency of regions to which 

economic and biophysical models are applied and input and output elements—the 

components of the nexus assessment tool—and in distinguishing the correlation between 

resources.

◦As for Danmok District mentioned above, for example, RDA’s nexus project team built a crop 

model to clarify the relationship among water use, energy use and productivity of greenhouse 

crops according to climate change. The amount of consumed water and energy and the changes 

in productivity of crops due to climate change were used as input elements of the economic 

model in measuring the economic effect of climate change.

3.2. Connection between Biophysical Model and Agricultural Model

 There are few domestic studies that integrate the biophysical model and the economic model, 

while most studies are rather focused on climate change.

 WEF nexus analyses conducted by overseas researchers are largely based on the biophysical 
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model (Daher & Mohtar 2013; FAO 2013, 2014). In terms of the nexus assessment tool using 

the biophysical model, their models were established with a focus on the input and output of 

resources, mainly based on resource-limited scenarios according to large-scale infrastructure 

projects or policies (FAO 2013, 2014). 

 Given the advantages and disadvantages of the biophysical model and the economic model, 

both models should be closely connected, complementing the strengths and weaknesses of 

each other.

◦The biophysical-model-based nexus assessment tool takes into account interconnectivity 

among resources, including water and energy, and analyzes the changes in food production 

according to limited resources in one organic system. As a result, this tool helps the sustainable 

management of agricultural resources, thereby dealing with changes in resources and 

overcoming the limitations in the existing agricultural resource management method.

◦However, the biophysical model cannot provide a solution to the resource distribution issue 

regarding changes in the demand due to external factors and about which and how much 

resources should be used. Such a limitation is attributed to the absence of those who make 

decisions in resource distribution in the model. This can be addressed by connecting the 

biophysical model with the economic model.

◦The economic model is aimed at dealing with optimized distribution of limited resources, but 

this model also has an obvious weakness. The model can cover the behaviors of decision-makers 

in resource distribution, while it cannot precisely analyze the impact of their behaviors on the 

interconnectivity among different resources. The model has limitations in analyzing the 

knock-on effect between resources according to the decision-making process.

 Mathematical programming, a typical economic model for resource distribution in 

agriculture, can be useful for establishing a regional WEF nexus.

◦Mathematical programming is an economic model that sets the choice of decision-makers 

regarding business management of farm households as the objective function, and uses the 

solution that can maximize (or minimize) the objective function under several limits such as 

budget, resources and technologies as the optimized resource distribution plan, thereby tackling 

the decision-making problem.
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◦In particular, Positive Mathematical Programming (PMP) developed by Howitt (1995) is an 

economic model that is widely employed as it can address the corner solution problem of the 

existing mathematical programming method.

◦PMP employs the actually measured output as an additional limitation and enhances the 

practicality of the model, thereby resolving the excessive specialization issue originating from 

the corner solution. PMP measures changes in the regional crop system, agricultural profits, 

and the amount of consumed intermediate materials by using available resources utilized for 

market conditions and limitations as the input elements. 

◦Among domestic researches, the study by Kwon Ohsang et al. (2016) utilized PMP to analyze 

the changes in the crop system in Jeju Island and profits by commodity. The study by Howitt et 

al. (2012) also utilized PMP to analyze the impact of drought and the water transfer scheme in 

preparation for drought on the farming water consumption, the crop system and the profit of 

farm households in irrigation farming areas in California. 

 The biophysical model should cover the crop model or the crop yield model largely used in 

previous studies as well as the models related to water resources, soil quality, and GHG 

emissions.

◦As the link between water and food resources has been strengthened, the water-related model 

has become more important. Therefore, the biophysical model should encompass not only the 

crop yield model that indicates productivity, but also those related to hydrology, water quantity, 

and water quality.

◦Furthermore, the models associated with soil quality, GHG emissions, and species diversity can 

be added depending on the objective of research.
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Figure 9. Connection between the Economic Model and Biophysical Model

Source: Sung Jaehoon (2016) revised the framework presented by Kling et al. (2017), considering domestic conditions.

 Last, the biophysical model and the economic model should be dynamically related to 

measure the impact of changes in external conditions on the behaviors of farmers, their direct 

impact on water, energy and food resources, and their spreading effect or feedback effect (see 

Figure 9).

◦In order to secure the connection between the two types of models, their input-output 

consistency should be maintained. In other words, there should be no problem when the output 

elements of the biophysical model provide major input elements of the economic model, while 

output elements of the economic model serve as major input elements of the biophysical model.

◦The multiple values of agricultural production and the non-market value of water quality 

should be evaluated to comprehensively identify the economic value of the impact of external 

factors.

◦For example, RDA’s nexus project team utilizes the system dynamics and integrates the 

optimization model, the crop model, and the hydrologic model that indicate farming, thereby 

reflecting the dynamic relation between different models.
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3.3. Provision of User-friendly Information for Enhancement of Accessibility to 

Information

 The analysis result should be provided in a user-friendly way to help policymakers and 

stakeholders understand easily.

◦The result of the OECD analysis is difficult to be used in real policies because the scenario itself 

is not at the national level, it provides too much information, and it is challenging for 

policymakers and stakeholders to interpret all the figures.

 On the contrary, the EU’s SIM4NEXUS project offers the proper information for 

policymakers through the serious game and consulting service.

◦The aforementioned “Integrated Technology Development for WEF Nexus based on 

Countermeasure Scenarios against Climate Change” project is also creating a user-friendly tool 

(see Figure 10).

◦User-friendly information will facilitate the policy assessment and design using the nexus 

approach and improve its usage.

Figure 10. Webpage of RDA’s SNAK Project

Source: Internal data.






