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         Foreword

         The OECD is committed to supporting governments in their efforts to reform policies that influence the availability, use and management of water. OECD National Policy Dialogues on Water, which are demand-driven from OECD member and non-member countries, are designed to help set the water agenda and facilitate ambitious policy reform by:

         
            	
               Engaging in a constructive and collaborative conversation with stakeholders to identify the key issues and potential ways forward.

            

            	
               Providing clear options for reform, building on international good practice and a robust analysis of options in the country.

            

            	
               Establishing a realistic action plan, grounded in policy discussions with a wide range of stakeholders.

            

            	
               Initiating momentum for change that derives from political buy-in acquired in the consultation process.

            

         

         OECD National Policy Dialogues on Water have been undertaken in a range of countries focussing on various elements of water policy reform, including financing and pricing, governance, allocation, water security and private sector participation.

         This National Policy Dialogue focused on the opportunities and challenges related to managing the water-energy-land-food nexus in Korea. It led to policy recommendations and governance arrangements that can improve the management of the nexus, now and in the future. Water insecurity is often the main bottleneck in the WELF nexus which may limit economic growth across sectors, and impact human wellbeing and ecosystem health. Korea has engaged with the OECD via a national policy dialogue to explore best practices from the wider international community to better manage the WELF nexus at national and basin scales. This dialogue followed a similar effort in 2017 led by the Ministry of Land, Infrastructure and Transport and K-water on economic instruments for water management in Korea.

         The process was coordinated by the Korean Ministry of Environment, with engagement from other ministries, including the Ministry of Land, Infrastructure and Transport, Ministry of Agriculture, Food and Rural Affairs, Ministry of Strategy and Finance, Ministry of the Interior, Ministry of Trade, Industry and Energy, Ministry of Public Safety and Security, and the Office for Government Policy Coordination. The process also involved a variety of stakeholders, from other administrations, civil society organisations and academia. The OECD Council Recommendation on Water, unanimously adopted by all member states in December 2016, proved to be a valuable reference to guide discussions and ways forward.

         The report is structured into four chapters:

         
            	
               Chapter 1. Characterising the Water-Energy-Land-Food Nexus in Korea. This chapter discusses the key pressures on the nexus – now and in the future – and the capacity of policies and governance arrangements to respond.
               

            

            	
               Chapter 2. Managing water for the Water-Energy-Land-Food nexus in Korea. This chapter reviews policies and institutional arrangements to manage water quantity and quality in Korea. 
               

            

            	
               Chapter 3. Towards policy coherence and sustainable management of the Water-Energy-Land-Food nexus in Korea. This chapter provides a rationale for improved planning against future water-related risks, independent regulation and other policy instruments to support the sustainable management of the WELF nexus.
               

            

            	
               Chapter 4. Towards effective water governance for the sustainable management of the Water-Energy-Land-Food nexus in Korea. This chapter reviews current water governance arrangements in Korea and provides ways forward to advance basin-level governance and stakeholder engagement. 
               

            

         

         The Assessment and Recommendations present the main findings and set out recommendations and an Action Plan to help Korea make further progress towards aligning water policies, practices and governance arrangements for sustainable management of the WELF nexus.

         The report takes stock of the insightful dialogue that took place between the OECD Secretariat and Korean stakeholders over 18 months, in particular, during a fact-finding mission (11-15 December 2017) and a policy seminar (9-10 May 2018). The report reflects comments and suggestions received at the meetings and on earlier drafts.

         The process illustrates the mutual benefit of OECD National Policy Dialogues on Water, for the country, the OECD Secretariat and all OECD members; we all benefit from sharing international good practices and discussing in detail the practical challenges related to adjustment to national circumstances. This confirms the role of the OECD as a platform that can facilitate national and international initiatives that contribute to sustainable growth.
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         Acronyms and abbreviations

         
            
               EIA

               
                  Environmental Impact Assessment

               

            

            
               GDP

               
                  Gross Domestic Product

               

            

            
               K-water

               
                  Korea Water Resources Corporation

               

            

            
               KECO

               
                  Korea Environment Corporation

               

            

            
               KEI

               
                  Korean Environment Institute

               

            

            
               KHNP

               
                  Korea Hydro & Nuclear Power Corporation

               

            

            
               KICT

               
                  Korea Institute of civil Engineering

               

            

            
               Korea

               
                  The Republic of Korea (South Korea)

               

            

            
               KRC

               
                  Korea Rural Community Corporation

               

            

            
               KRIHS

               
                  Korea Research Institute for Human Settlements

               

            

            
               KRW

               
                  Korean Republic Won

               

            

            
               KWI

               
                  Korea Waterworks Management Institute

               

            

            
               LID

               
                  Low impact development

               

            

            
               MAFRA

               
                  Ministry of Agriculture, Food and Rural Affairs

               

            

            
               ME

               
                  Ministry of Environment

               

            

            
               MoI

               
                  Ministry of the Interior

               

            

            
               MoLIT

               
                  Ministry of Land, Infrastructure and Transport

               

            

            
               MoSF

               
                  Ministry of Strategy and Finance

               

            

            
               MoTIE

               
                  Ministry of Trade, Industry and Energy

               

            

            
               MPSS

               
                  Ministry of Public Safety and Security

               

            

            
               NDMI

               
                  National Disaster Management Research Institute 

               

            

            
               NGO

               
                  Non-Governmental Organisation

               

            

            
               NIER

               
                  National Institute of Environment Research

               

            

            
               PMO

               
                  Prime Minister’s Office

               

            

            
               RBC

               
                  River Basin Committee

               

            

            
               RMC

               
                  River Management Committee

               

            

            
               RMF

               
                  River Management Fund

               

            

            
               Korean TMDL

               
                  Korean Total Water Pollution Load Control System

               

            

            
               WELF

               
                  Water-Energy-Land-Food

               

            

         

      

   
      
         Basic Statistics of the Republic of Korea

         
            (2015 or latest available year*; OECD total values in parentheses)a
[image: graphic]Notes: * Values earlier than 2010 are not taken into consideration. 
            

            a. OECD value = Where the OECD aggregate is not provided in the source database, a simple OECD average of the latest available data is calculated where data exist for a significant number of countries.
            

            b. Higher-value inventions that have sought patent protection in at least two jurisdictions. Average of latest three years. 
            

            c. Excluding emissions/removals from land use, land-use change and forestry. 
            

            Source: Calculations based on data extracted from databases of the OECD, IEA, Eurostat.
            

         

      

   
      
         Executive Summary

         The Republic of Korea (hereafter simply referred to as Korea) is the eighth-largest OECD economy and has been one of the fastest growing OECD economies over the past decade, driven by a large export-oriented manufacturing sector. However, urbanisation, industrialisation and population growth (at least until 2030) are increasing energy and food demands, which in turn, are exacerbating pressure on Korea’s scarce natural resources and ecosystems, including water and land. These pressures and others raise the stakes on how to allocate and re-allocate water and land resource uses across the water-energy-land-food (WELF) nexus for sustainable growth.

         
            Korea faces a number of systemic threats to the water-energy-land-food-nexus, now and in the future
            

            Water insecurity is often the main bottleneck in the WELF nexus which may limit economic growth across sectors, and affect human wellbeing and ecosystem health. Korea’s population density and water scarcity are both the highest in the OECD. Climate change, steep topography and increasing urbanisation increase the risk of water scarcity and flooding, and limit opportunities to generate energy from hydropower. An ageing population and recent slow-down in economic growth will limit available public funding for responding to increasing droughts and floods, including investment in climate resilient infrastructure. Furthermore, environmental taxes and charge rates on water abstraction and pollution, and land development are too low to compensate for the environmental and social costs of the mismanagement of water and land, or to encourage pollution reduction and efficient use of water and land resources.

            Water resources in river basins are fully, or close to fully, allocated, meaning that new water allocations are not possible without some combination of water use efficiency and supply augmentation. Despite impressive improvement in wastewater treatment, diffuse pollution (predominantly from livestock and urban run-off) increasingly affects scarce water resources.

         

         
            Korea’s advanced water infrastructure network could be made more effective and efficient
            

            Korea has made the transition from an expansionary water economy to a mature water economy. The expansionary phase was characterised by engineering and technological interventions to expand water supplies, often at the expense of the environment. Now in the mature phase, Korea recognises that the interdependencies among water users (cities, industry, agriculture and ecosystems), can be addressed by a combination of water supply augmentation, water use efficiency and water conservation.

            Demand-side interventions, options for water reallocations and pollution reductions, and further development of context-specific policy and institutional arrangements need to be developed as competition and pressures on water escalate. The methods for evaluating the choice and implementation of interventions also need to adjust, including anticipating and planning against future risks, reflecting basin-specific issues and institutional contexts, and valuing water and ecosystem services.

         

         
            A long-term vision is necessary for the transition towards sustainable and resilient management of water within the water-energy-food-nexus
            

            Traditional assumptions about the reliability of a rainy season and the certainty of reservoirs refilling each year, or the magnitude of floods, are likely to be misplaced under a changing climate and increasing development pressures on water and land. Korea would benefit from a long-term vision and plan, to deal with existing problems as well as anticipating and planning against future water risks. Improvements in water quantity and quality monitoring, economic analysis of policy measures, and the incorporation of climate change and socio-economic scenarios would assist in the development of such a plan. A critical element of planning is the assessment of water supplies and cities against a range of shocks, both natural and human. Addressing the nexus sustainably requires Korean policy makers to consider: (i) equity issues related to the allocation of risks and opportunities; (ii) creating more with less, and allocating scarce resources where they add value to society; and (iii) investing to sustain ecosystem services.

         

         
            Economic instruments would help to manage demand for water, incentivise reductions in water pollution and alleviate pressure on the nexus
            

            Korea has introduced some economic instruments for water management, but there is significant scope for expanding their use. There are ample opportunities for Korea to increase water use efficiency (including reductions in leakage and non-revenue water) and strengthen demand management, to minimise future investment needs in water infrastructure to augment supply and to reallocate water where it creates most value to society. Well-designed water pollution and abstraction charges that reflect the opportunity cost of using water, and which contribute to covering the cost of river basin management, have the potential to help manage demand and restore water quality.

            Prioritising investment decisions to achieve water quality objectives is necessary in the context of limited funding. Korea should encourage land use practices that preserve water quality, compensate farmers for required investments or revenue losses, and create demand for added-value food and fibre produced on that land (e.g. through sustainable product labelling schemes). Korea should consider expansion of the Korean Total Water Pollution Load Control System - which has been successful in reducing point source pollution of biochemical oxygen demand and total phosphorus - to include other pollutants (such as nitrogen, heavy metals and pesticides) and to those who contribute to diffuse source pollution.

         

         
            Korea would benefit from independent water regulation and greater enforcement of environmental compliance
            

            While Korea recognises the importance of using regulation to limit the exploitation or pollution of its rivers and lakes, regulation fails to deliver expected outcomes when compliance is not monitored and enforced. There are opportunities to improve the level of compliance and enforcement of abstraction permits and effluent and discharge standards; currently, this is limited in Korea and penalties remain rare. In addition, there is a public distrust in the quality of drinking services due to historical pollution events.

            Independent regulation in Korea for the protection of the environment, customers’ interests and drinking water quality may be an effective response to some of the challenges to regulating water services, including the fragmentation of roles and responsibilities in the sector, public distrust in drinking water services, and the limitations of the tariff setting process. A menu of institutional arrangements can contribute to independent and trusted water regulation.

         

         
            The long-awaited reform of water governance at national level needs to be swiftly and effectively implemented to foster policy coherence, further engage with stakeholders and manage the WELF nexus at basin level
            

            The recent water governance reform through the adoption of the revised Government Organisation Act, June 2018, merges the vast majority of responsibilities and capacities for water quantity and quality management under the Ministry of Environment. This merge is a step in the right direction for improved policy alignment and coherence. However, improved coordination does not come automatically from a reallocation of responsibilities. The Ministry of Environment will need to develop and implement a water quality and quantity “coordination” strategy for effective merging of responsibilities at national and sub-national levels and achievement of greater coherence between water, energy, land and food policies.

            The adoption of the revised Government Organisation Act also provides a unique opportunity for Korea to move towards managing the WELF nexus at the basin scale and to strengthen stakeholder engagement.

         

      

   
      
         Assessment and Recommendations
         

         
            The Assessment and Recommendations present the main findings of this report and set out recommendations to help Korea make further progress towards aligning water policies, practices and governance arrangements for sustainable management of the Water-Energy-Land-Food Nexus. A draft Action Plan with short-, medium- and long-term steps on how to achieve these recommendations, and suggestions of who may be responsible for them, is presented as Annex 1.A
            

         

         
            Pressures on the Water-Energy-Land-Food Nexus in Korea
            

            Water, energy, land and food are essential for economic growth and development, and there are strong linkages between them (the WELF nexus). Considering these linkages is important for government as policies and investment to manage one dimension of the WELF nexus may have detrimental effects or co-benefits on others. Water insecurity at the regional and local scales is often the main bottleneck in the WELF nexus which may limit economic growth across sectors, and impact human wellbeing and ecosystem health (OECD, 2017a).

            The Republic of Korea, the eighth-largest OECD economy, has limited natural resources. Korea is among the few OECD countries both with scarce land and under medium-high water stress (OECD, 2017b,c). Urbanisation, industrialisation, population growth (at least until 2030) and climate change are increasing demands on the WELF nexus. The response to date has been to consume more land and augment the supply of water, at the expense of the environment (OECD, 2017b,c), whilst essentially relying on public funding to finance water infrastructure investments.

            An ageing population and recent slow-down in economic growth (OECD, 2016a) will limit available public funding for responding to increasing droughts and floods, including investment in climate resilient infrastructure. Furthermore, environmental tax and charge rates on water abstraction and pollution, and land development are too low to cover observed environmental and social externalities, or to encourage pollution reduction and efficient water and land use (OECD, 2017b,c).

            The inability to effectively manage the bottlenecks, trade-offs and synergies within the WELF nexus will generate high costs for the Korean economy and will exacerbate inequalities across regions and social groups, now and in the future. This calls for proactive, co-ordinated and integrated policy and strategic long-term planning to future-proof the WELF nexus and enhance sustainable growth.

            Water scarcity
            

            The volume of total water use exceeds the amount of normal water runoff (which is measured during the off-flood season). As such, flood runoff needs to be captured in reservoirs for later use. Korea invests in alternative water resources (e.g. desalination, inter-basin transfers) to supplement dam water supply during periods of drought. These water management options are expensive, energy intensive and have high carbon footprints.

            Given the already high water stress and consumption of total available water resources, Korea will need to make substantial efficiency gains in water use and/or water allocation to meet future water demands and maintain economic growth. This is demonstrated by the fact that surface water is already fully allocated in each of the four major river basins – the Han, Geum, Nakdong and Yeongsan/Seomjin River systems – and high rates of leakage by international comparison within some water supply networks (20.6% on average, but up to 41.1% in some areas).

            Water supply augmentation can only come at high cost and increasing pressure on public budgets, as the capacity for additional reservoirs in Korea is exhausted (or close to it). Furthermore, recent cases in Brazil (Sao Paulo) and South Africa (Cape Town) confirm that relying on reservoir storage can risk supply failure during severe droughts.

            Flooding
            

            Korea’s flood risk index is substantially higher than that of other OECD countries. Over 100 regions of Korea have experienced water inundation more than twice in the 2000s. Korea has worked hard to reduce flood risks through investment in infrastructure as well as in forecasting and warning systems. The government has also put in place a plan to improve rainwater drainage capabilities, such as expansion of water control capabilities by 2025 (OECD, 2017c).

            Thirty areas have been identified at high-risk of flooding. The government is responding to water-related risks by means of various techniques such as low impact development (LID), groundwater storage, wetland restoration and green infrastructure policies, as well as separating stormwater from the sewerage network. But rates of progress are slow compared with the human and financial costs incurred with each flood event, and the capacity to scale up and replicate pilot projects remains unclear. Mechanisms to coordinate land and water planning, and management upstream within the river basins, are missing.

            Water quality
            

            Improvements in point source pollution control in Korea have been admirable. Over 90% of the population of Korea is currently served by wastewater treatment services, compared with 71% in 2000. In addition, 83% of the population benefits from advanced (tertiary) wastewater treatment (OECD, 2017b). Still, there are pending issues related to permitting, compliance, monitoring and enforcement of point source discharges from industry and municipalities (OECD, 2017b). Regulation of water quality focuses on the four major river basins; tributaries and coastal streams, which account for 30% of Korean rivers, largely remain unregulated and unmonitored.

            Diffuse pollution (predominantly from livestock and urban stormwater run-off) increasingly affects scarce water resources and will continue to do so with intensive livestock production projected to increase (ME, 2015). The proportion of total pollution attributed to diffuse pollution is projected to reach over 70% by 2020 (ME, 2014a)

            Korea currently has the highest nitrogen balance and the second-highest phosphorus balance in the OECD, even though the use of chemical fertilisers has declined (OECD, 2017b; 2018). Episodes of algal blooms are frequent in Korea, triggered by high nutrient levels, warm temperatures, reduced river flow (due to reservoirs) and sunlight.

            Progress has been achieved in water quality with the introduction of the Korean Total Water Pollution Load Control System (Korean TMDL, the equivalent of a total maximum daily load programme) in the four main river basins, particularly in the Nakdong River Basin. Since the introduction of the Korean TMDL in 2004, reduction targets in point source pollution control of biochemical oxygen demand and total phosphorus have been achieved. Tributaries and coastal streams are not regulated as part of the Korean TMDL.

            There are an array of fragmentised initiatives and pilot projects to increase eco-farming, best management practices, and buy-back of riparian land to improve water quality, but they typically rely on voluntary approaches and come at a high cost in comparison to other potential policy solutions, particularly those that utilise the Polluter Pays Principle. The role of land use planning and management is critical for water quality and resource management.

            Historical water pollution incidents (e.g. Nakdong accidents in 1991 and 1994) have resulted in a low public trust in drinking water quality with the majority of citizens using bottled water and home water filters. There is room for improvement in engagement with citizens, industrialists and farmers to raise awareness, increase trust and reach solutions in partnership.

            Land use and food production
            

            Built-up, urbanised areas have expanded by 51% between 2002 and 2014; a rate that has far surpassed the population growth (6% over the same period). This reflects rapid industrialisation and urbanisation; 70% of the population lives in urban areas, well above the OECD average of 49% (OECD, 2017b).

            Korea’s farming model is highly intensive, particularly the livestock sector, which reflects a growing consumer demand for meat products. The intensity of commercial fertiliser and pesticide use is among the highest in the OECD, and livestock density is the second highest after the Netherlands. This has negative ramifications for water and energy use, and land and water pollution. Land acidification is worsening with climate change and agricultural production is expected to decline in both quantity and quality due to climate change and subsequent increase in disease and pests (ME, 2014b).

            Currently there are no environmental regulations specifically imposed on agricultural production, with the exception of regulations on livestock manure (OECD, 2018) stipulated under the 2006 Act on the Management and Use of Livestock Excreta. Environmental tax and charge rates on land development are too low to cover environmental and social externalities. The agriculture sector does not pay energy taxes and only partially pays minimal water charges (OECD, 2010). In addition, producer support, as percentage of gross farm receipts (%PSE), is almost three times higher than the OECD average and consists mostly in market price support - a category of support with potentially environmentally harmful effects (OECD, 2018).

            Energy supply and use
            

            Korea’s economy is among the most energy intensive in the OECD. This is despite the fact that Korea has no oil resources and very limited natural gas reserves. Furthermore, Korea’s share of renewables in the energy mix remains the lowest in the OECD. Thus, Korea is highly dependent on external energy sources.

            Water and energy supply are intimately connected. While hydropower remains limited in Korea's energy supply mix, water is required to cool thermal and nuclear plants, which are projected to multiply in Korea, thus increasing water needs and minimal flow requirements for future energy production.

            Korea has a high energy-water risk relative to other countries in the Asia-Pacific region. One study mapping the water consumption for energy production around the Pacific Rim determined that watersheds at energy-water risk represent 59% of all basins in Korea where water is used in energy production (Tidwell and Moreland, 2016).

         

         
            The way forward
            

            Korea recognises these challenges and sees the opportunity of improved coordination of policies and institutions in relation to the WELF nexus to better respond to uncertainties and create options for sustainable growth in the short and long term. The recent merging of government organisations responsible for water management is one indication of this. The purpose of the Korea-OECD Water Policy Dialogue is to explore best practices from the wider international community that can inspire such coordination to better manage water resources within the WELF nexus.

            Recommendations rest on four priorities for Korea:

            
               	
                  1. Anticipate and plan against future water-related risks
                  

               

               	
                  2. Better manage water demand and reduce pollution
                  

               

               	
                  3. Regulate and enforce compliance
                  

               

               	
                  4. Reform institutions and governance
                  

               

            

            The rationale for the selection of these priorities are outlined below, followed by recommendations and a draft action plan on how to achieve them.

            Anticipate and plan against future water-related risks
            

            Water quality and quantity monitoring and assessment
            

            Managing water and the WELF nexus starts with a good understanding of the state of the resources (water, land), the environment (the ecosystems which the WELF nexus relies upon) and the pressures and demands on them. Robust data and information are necessary to develop effective and proactive water and land policies, to identify priority actions, set the ambition of policies and to monitor compliance and progress.

            There are four areas in particular where the current monitoring and assessment regime could be improved in Korea:

            
               	
                  1. Monitoring water quality. The breadth of water quality parameters and sampling locations and frequency is limited. The benefit of increasing water quality monitoring capacity and understanding is that pollution loads and ‘hotspots’ can be identified and targeted, and environmental and health risks can be reduced more cost-effectively (OECD, 2017d,e).  To that end: extend the current water quality monitoring programme to tributaries and small streams, and expand monitoring parameters to fully assess human and ecosystem health risks (this should include continuous monitoring of pH, DO, COD, BOD, ammonia, nitrate, phosphate and chlorophyll/blue-green algae (for early warning and control of pollution)); use that data to identify hotspots; target compliance and enforcement of discharge permits in these hotspots; specify land use where it affects water quality most; allocate River Management Funds to improve water quality in hotspots
                  

               

               	
                  2. Groundwater monitoring. While abstraction of water from aquifers is monitored to a limited extent in Korea, information on groundwater quality and surface water-groundwater connections is lacking. This is an issue, as droughts and sea level rise are projected to increase pressure on groundwater resources. More specifically: ensure a sufficient network of groundwater monitoring boreholes that enable robust understanding across each aquifer and their interactions with surface water; use field and satellite data to routinely monitor groundwater levels and depletion; document groundwater quality on at least a quarterly basis, and more frequently where pollution risks are high; use data to tailor compliance monitoring of water abstraction and pollution permits and regulate land use changes; consider groundwater recharge to replenish aquifers and mitigate saline intrusions.
                  

               

               	
                  3. Ecological monitoring. In practice: routinely monitor aquatic invertebrates, macrophytes (aquatic plants) and fish to understand ecosystem health. Adjust water and land management and the controls on abstraction and pollution accordingly.
                  

               

               	
                  4. River flow monitoring. Develop naturalised flow sequences for each major river, where the effect of artificial influences can be accounted for. Use the natural baseline as the basis for decisions to determine ecological flows and sustainable volumes of abstraction and discharge.
                  

               

            

            Korea would benefit from more systematically monitoring the costs of action and inaction, the impact on economic and social development, and in particular, how these costs are distributed across regions or social groups. Such economic monitoring or appraisal would support informed discussion on how risks (of water scarcity, floods, or pollution) and opportunities (for economic development) are allocated across regions and groups, and how the distinctive capacities of such groups to respond to these risks or opportunities are taken into account.

            For instance, economic monitoring or appraisal could document how senior water rights holders (i.e. water users who benefit from the most secure entitlements to use water) benefit from a privileged situation: they may only use a portion of their water entitlement, while new comers may be denied access to river water. As such, senior water rights holders may be protected against risks of drought while more valuable water uses are at risk. Whilst the customary rights of senior water rights holders are recognised in civil law, they can be socially inequitable and economically inefficient.

            Economic analyses should document the privileged position of senior water rights holders and monetise the opportunity costs of preventing other uses of water. Analyses should document the social costs of the current allocation of water-related risks and the potential economic benefits of allocating risks to those best equipped to address them (for instance distinguishing between rice farmers, livestock farmers and farmers who grow perennial crops). Such data is essential to develop cost-effective and equitable responses to nexus-related challenges.

            Anticipating and planning
            

            While Korea has robust experience with planning for water, land use and infrastructure developments, planning would benefit from four major developments:

            
               	
                  1. Planning should be forward-looking. In Korea, water and infrastructure plans are routinely based on meeting the impact of the worst drought in the historic record, however, the past climate record is not necessarily representative of the future. Planning would be more resilient when a long-term, forward-looking, intergenerational perspective is taken, which considers the potential for extreme, unprecedented events from climate change.
                  

               

               	
                  2. Plans should reflect uncertainties. Relying upon a single set of forecasts as the basis for policy decisions and investment – whether for water or energy security, flood risk planning, or land use - is likely to lead to poor decisions. Each plan should explore different socio-economic and climate change scenarios under a range of plausible visions of the future. It should test strategic decisions for their strengths, weaknesses and resilience.
                  

               

               	
                  3. Fragmented, single-issue planning should move towards coordinated planning across features of the WELF nexus. Planning should be coordinated across all water uses, including agriculture. Planning should also be coordinated across water, land use, agriculture development and energy supply. Inconsistencies or tensions should be systematically identified. Synergies and opportunities should be explored. Synergies can result in allocation of land and water to its most beneficial use for society, reduced reliance on additional infrastructure, and greater security in terms of water, food or energy at least cost for the community.
                  

               

               	
                  4. Coordinated planning is more readily achieved at the scale of river basins, where synergies, trade-offs and options to manage them are more apparent than at the national scale. In particular, options to manage trade-offs benefit from local knowledge, which is difficult to replicate or capture at national level. It benefits from stakeholder engagement, to reflect a range of perspectives and build on diverse expertise. Therefore, plans that relate to water, agriculture and food, land use or energy should preferably be developed at basin scale; national plans should reflect basin specificities.
                  

               

               	
                  5. Plans should drive decisions on a range of issues. Plans should clearly establish the overall purpose, objectives and priorities for sustainable management of the WELF nexus. They should define acceptable levels of water security (risk of scarcity, floods or pollution) for the communities involved, and the actions and costs required to achieve such levels. Plans should form the basis of regulations (for instance on land use, water abstraction or discharge permits) and the reference for infrastructure development and public investment. They should be backed by a robust financing strategy. Without such attributes, plans remain an ambition only and a lost opportunity.
                  

               

            

            Better manage water demand and reduce pollution 
            

            Increase water use efficiency and demand management efforts
            

            The 2016 OECD Council Recommendation on Water – endorsed by the Korean Government – claims that demand management is the first best option to manage water scarcity. Supply augmentation is just postponing problems to a future date, as recent drought episodes in Brazil and South Africa suggest.

            There are ample opportunities for Korea to increase water use efficiency (including reductions in leakage and non-revenue water) and strengthen demand management, to minimise future investment needs in water infrastructure to augment supply and to reallocate water where it creates most value to society. Well-designed water abstraction charges that reflect the opportunity cost of using water have the potential to help manage demand. The OECD report on Enhancing Water Use Efficiency in Korea: Policy Issues and Recommendations (OECD, 2017c) explores how Korea can transition towards such a system.
            

            Water charges should be set so that they incentivise the adoption of water saving practices and technologies in agriculture, industry and households to reduce unsustainable use of water in the face of climate change. For example, the uptake of more efficient irrigation technologies, such as drip irrigation, could significantly reduce agricultural water consumption - if water saved is returned to the water system - and would also reduce pumping and energy costs and diffuse pollution risks. While improving water use efficiency is necessary to move forward a green growth strategy in agriculture, caution is required to avoid perverse effects such as: a reduction in water availability for other users and the environment, expansion of irrigated land areas with water saved, and an increased dependence on water resources and the risks associated with climate change (OECD, 2016b). Mitigating these unintended consequences of water use efficiency gains requires appropriate water accounting at the basin scale that considers not just withdrawals but also water returning to the system. Accounting for return flows should be studied more systemically to assess their relative importance in Korea’s watersheds. In a second step, return flows should be accounted for in water allocation systems to better reflect overall water supply and demand, and thus improve the efficiency of water allocation (OECD, 2015a). Thirdly, water efficiency gains should be accompanied by regulation to appropriately direct the use of saved water and prevent the perverse effects described above.

            Decisions on how to operate dams and how to share water amongst agriculture, energy, industry, municipalities and the environment should be improved in Korea in order to generate more value from water. The use of reclaimed water under the Korean Construction Code and water quality “fit for purpose” should be expanded beyond greenfield projects to reduce reliance on raw water resources and provide a dependable, locally-controlled water supply. Water reuse also has the added advantage of reducing water treatment and energy costs, diverting pollution to sensitive ecosystems, returning nutrients to the land, and can be used to augment groundwater supplies.

            Strengthen water quality management
            

            Water quality is a distinctive part of the WELF nexus in Korea. Water pollution contributes to water scarcity, and affects land and energy resources. Pressures from a range of policies and developments can affect water quality, such as water allocation, flood management, urban development, alterations to the natural morphology of water bodies, land and...
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