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Foreword
The intensifying competition for surface and groundwater resources is widely documented. The OECD Environmental Outlook to 2050 highlights that water resources are already over-used or over‐allocated in many places, with global demand expected to increase by 55% between 2000 and mid-century. Groundwater withdrawals have risen sharply over the past years – increasing nearly tenfold according to some estimates. These pressures, projected to be further exacerbated by climate change, have already made water allocation an urgent issue in a number of countries and one that is rising on the agenda in many others. Within this context, the OECD published the report Water Resources Allocation: Sharing Risks and Opportunities in 2015 to strengthen the evidence base and develop policy guidance to improve the design of allocation regimes.
Building on this work, further analysis was undertaken to examine the specific challenges related to groundwater and how allocation arrangements can be designed in light of groundwater’s distinctive features. The analysis builds on a series of case studies to document groundwater allocation challenges in a variety of contexts and provides policy guidance to assess and enhance allocation regimes for groundwater.
This report is an output of the OECD Environment Directorate. It was prepared by KathleenDominique and Marit Hjort, with guidance and input from Xavier Leflaive. The case studies on groundwater allocation were prepared by Marit Hjort, with input from delegates of the OECD Working Party on Biodiversity, Water and Ecosystems and in-country experts, notably: P.G. Pedersen, Chief advisor, Unit of Water Resources, Agency for Water and Nature Management, Ministry of Environment and Food, Denmark; Dr. Sharon Megdal, Director, Water Resources Research Center, University of Arizona; Jiro Hiratsuka, Ministry of Environment, Japan and experts from the local government in Kumamoto City; Daniel Rivera, International Cooperation Management, National Water Commission of Mexico; Ana Fueyo and Dr.Alberto López-Asenjo Garcia, Ministry of Agriculture, Spain, José Ángel Rodríguez-Cabellos, Head of the Planning Office in Guadiana River Authority, Spain; Larry French, Director of Groundwater, Rima Petrossian, Manager of Groundwater Technical Assistance, and Kimberly Friesen Leggett, Media Relations Specialist, Texas Water Development Board, C. E. Williams, General Manager, Panhandle Groundwater Conservation District; Jérémy Devaux, French Ministry of the Environment, Energy and the Sea, Jean‐DanielRinaudo, Bureau de recherches géologiques et minières (BRGM), France, Floriane Di Franco, Permanent Assembly of Agricultural Chambers, France, Patrice Garin, member of the research collective Gestion de l’Eau, Acteurs, Usages, France;  Dr. R.C. Jain, Former Chairman, Central Ground Water Board and Central Ground Water Authority, Ministry of Water Resources, River Development and Ganga Rejuvenation, Government of India.
The authors are also grateful to colleagues and experts who provided valuable comments on the report, including Simon Buckle, Guillaume Gruère, Paul O’Brien, Hannah Leckie (OECD Secretariat) and Ian Barker, of Water Policy International, Henry Leveson-Gower, DEFRA, UK and Professor MikeYoung, University of Adelaide. Editorial support from Janine Treves and administrative support from Angèle N’Zinga are also gratefully acknowledged.
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Executive summary
As the predominant reservoir of freshwater on Earth, groundwater provides an important source of water supply for drinking, irrigation and industry and contributes to sustaining groundwater-dependent ecosystems, such as streams and wetlands. Pressures on the quantity and quality of the resource have increased significantly over recent decades. Globally, groundwater withdrawals have risen sharply; nearly tenfold in the past 50 years (Shah etal., 2007). At the same time, the resource is becoming increasingly degraded due to pollution and saline intrusion. Unsustainable groundwater use creates negative environmental externalities, including land subsidence, saline intrusion and the deterioration of groundwater-dependent ecosystems. Groundwater depletion also increases the cost of use, as pumping is required from ever-increasing depths, which may disadvantage small scale users. This depletion can also result in water shortage directly affecting users, with an impact on economic activities.
These mounting pressures have largely outpaced the modernisation of groundwater allocation regimes. Allocation regimes consist of the combination of policies, laws, regulations and institutional arrangements (entitlements, licenses, permits, etc.) that determine who is able to use water resources, how, when and where. In practice, many current groundwater allocation regimes are strongly conditioned by historical water usage patterns that evolved during periods when the resource was more abundant, demand was lower and access was minimally regulated or not at all. Acute governance challenges arise from the lack of data, fragmented legislation and the largely decentralised use of the resource. The entrenchment of weak or contradictory policies, such as under-pricing water or subsidising energy to pump groundwater, can make improving allocation arrangements contentious and costly. However, failure to improve allocation policies undermines the range of societal benefits from groundwater via extractive and non-extractive uses (e.g. for the environment) both today and in the future.
The benefits obtained from groundwater take many forms – from the economic value derived from productive uses for drinking water supply, industry and irrigation, to the ecological value provided by supporting key species in groundwater-dependent ecosystems to the option value of storing groundwater as a buffer against future water shortages. Groundwater allocation policies need to account for these different types of extractive and non-extractive values as well as balance the needs of current and future generations.
This report examines the distinctive features of groundwater and sets out policy guidance for groundwater allocation. This guidance should be used as a supplement to the general guidance on allocation in the OECD Health Check for Water Resources Allocation. The Health Check consists of a series of 14 questions (“checks”) to identify whether key elements of an allocation regime are in place and how their performance could be improved. The full Health Check is set out in Chapter 2 of this report. Part II of this report analyses nine case studies (Denmark; Tucson, Arizona; Kumamoto, Japan; Mexico; the Upper Guadiana Basin, Spain; Texas; France; Gujarat, India and North China), highlighting how elements of the Health Check can be addressed in diverse contexts.
A number of distinctive features of groundwater systems (compared to surface water) merit particular attention in the design of allocation regimes. There is significant scientific uncertainty about the state (quality and quantity) of groundwater resources and data on groundwater use are scarce and incomplete. There is a need to better understand how groundwater may be interconnected with surface water so as to manage the resources conjunctively, and monitor how groundwater use is changing over time. This requires an assessment of groundwater resources with a view to determining where abstraction may give rise to negative externalities.
To respond to the rapid growth of unregulated groundwater use, many governments have taken action to redefine groundwater ownership and use rights as within the public domain. This provides the basis for a legally enforceable regulatory regime. As the resource is increasingly brought under the public domain, a clear process for transferring from private ownership to regulated use needs to be put into place. Customary rights to access the resource also need to be considered.
Groundwater resources consist of both stocks and flows, which require a long-term exploitation strategy that considers both. Some aquifers are considered non-renewable (containing “fossil” groundwater), so the use of these resources is akin to irreversible mining. Only a portion of groundwater resources (consisting of total stocks and flows) should be considered as exploitable. From an economic perspective, optimal groundwater exploitation would maximise the present value of benefits minus costs, which can guide efforts to define an abstraction limit on the resource. Setting such a “cap” on abstraction requires balancing extractive and non-extractive uses uses (e.g. flows for ecosystem needs, protection of water quality) and current and future uses.
Groundwater generally exhibits the characteristics of a common pool resource, which makes excluding users from access difficult and costly. Users often access the resource directly, in a decentralised way. This makes monitoring groundwater use technically demanding and costly. New monitoring technologies, such as satellite-based telemetry, are showing promise in improving groundwater monitoring, however these still need to be complemented by ground-based measurements. When metering each user is not practicable or too costly, governments can consider using collective entitlements to allocate water to a group of users within a specific area.
Even a well-designed allocation regime can be undermined by perverse incentives in other sectors, such as subsidies that encourage over-consumption of groundwater or pollution that degrades water quality. Electricity or irrigation subsidies can encourage excessive groundwater pumping. Policies to safeguard groundwater quality by reducing potential contamination from pesticides, fertilisers, urban run-off and other pollution sources are particularly important.
As scarcity increases and the value of water use rises, the case for the introduction of a more elaborate allocation regime grows stronger. In the early stages of developing a resource, a relatively simple allocation regime can be used with decisions made conservatively to avoid over-allocation and depletion. However, the basic building blocks of a robust regime should still be put into place at an early stage to avoid lock-in to unsustainable use and allow for adjustment at least cost, as needed, over time. Adequate monitoring and analysis of water resources should be in place before problems become severe and allow policymakers to adjust the allocation regime as resource use intensifies. A periodic “health check” can provide a pragmatic approach to realise the benefits of improved allocation.

Part I. Key information and guidance for groundwater policy



Chapter 1. Overview of groundwater resources and prevailing trends1


This chapter provides an overview of trends documenting increasing pressures on groundwater resources. It examines the range of benefits obtained from groundwater, including the economic value derived from productive uses, the ecological value provided to groundwater-dependent ecosystems, and the option value the resource provides as  a buffer against future water shortages. The chapter then reviews the distinctive features of groundwater and their relevance for allocation policy design.


Introduction

Groundwater is a valuable natural resource, which provides an important source of water supply for drinking, irrigation and industry in many parts of the world and also contributes to sustaining groundwater-dependent ecosystems. Pressures on the quantity and quality of the resource have increased significantly. Globally, groundwater withdrawals have risen sharply and the resource is becoming increasingly degraded due to pollution and saline intrusion (Margat and van der Gun, 2013). However, groundwater allocation policies have generally not kept pace with these increasing pressures. There are inherent challenges involved in assessing the status of groundwater and investment in monitoring the resource has been inadequate to date (Foster et al., 2013). In many countries, there are persistent problems related to the efficient and equitable use of groundwater (GEF et al., 2015a), reducing the benefits that individuals and society reap from the resource, today and in the future.

Recent work by the OECD2 and others3 has contributed to improving policy guidance on water resources allocation, groundwater governance and managing groundwater in agriculture. However, some key gaps remain. In particular, guidance on how the various elements that comprise an allocation regime4 (policies, laws, regulations and institutional arrangements) can be designed to accommodate the distinctive features of groundwater is lacking. Building on previous work, in particular the 2015 OECD report Water Resources Allocation: Sharing Risks and Opportunities, this report aims to fill this gap. Specifically, it focusses on how allocation regimes for groundwater or conjunctively managed surface and groundwater systems can be designed to bring about the desired policy outcomes, in terms of economic efficiency, environmental effectiveness and social equity.5 Drawing on an assessment of groundwater’s distinctive features and nine case studies of groundwater allocation in practice, the report provides guidance for designing policies that balance different types of extractive and non-extractive uses as well as the needs of current and future generations.

A valuable natural resource under increasing pressure

Groundwater systems make up the predominant reservoir and strategic reserve of freshwater on Earth6 (Foster and Chilton, 2003). It provides a drinking water source for around half of the global population (Margat and van der Gun, 2013) and accounts for an increasing share for agricultural use making up around 40% of consumptive irrigation water, covering just under 40% of irrigated land globally (OECD, 2015a). More than 60% of abstracted groundwater is consumed by agriculture in arid and semi-arid regions, producing 40% of the world’s food (Morris et al., 2003). Industrial uses (including mines and energy production) are also important, accounting for over one-fifth of total groundwater abstraction in some countries (Germany, Japan, Brazil, and the Philippines, among others) (Margat and van der Gun, 2013).

Groundwater and surface water systems are closely interlinked in most places on Earth and human activities, such as water abstraction, irrigation and artificial drainage, have intensified these interactions (GEF et al., 2015a). Often, a substantial portion of groundwater flow emerges to join surface water, supporting the base flow of surface water bodies (Margat and van der Gun, 2013). Also, groundwater withdrawals may be used as a substitute for surface water withdrawals, and vice versa. Thus, groundwater and surface water allocation need to be studied and managed conjunctively, not in isolation, where possible.

The intensifying use and competition for water resources is widely documented (WRI, 2016; OECD, 2012; UNESCO, 2012; Vörösmarty et al., 2010). The OECD Environmental Outlook to 2050 highlights that water resources are already over-used or over-allocated in many places, with global demand expected to increase by 55% between 2000 and mid-century (OECD, 2012).

Generally, there is significant scientific uncertainty about the state (quality and quantity) of groundwater due in no small part to that fact that it is largely an “invisible” resource stored underground (discussed further below). Data on groundwater use are scarce and remain incomplete (Margat and van der Gun, 2013; Shah et al, 2007), yet some general trends are clear. Globally, groundwater withdrawals7 have risen almost tenfold in the past 50 years (Shah et al., 2007). Between 1960 and 2000, the rate of groundwater depletion more than doubled (Wada et al., 2010). This boom in groundwater abstraction, driven by population growth and the associated increasing demands for water, food and income, has no precedent in history (Margat and van der Gun, 2013). Advances in drilling and pumping technology have lowered the cost of groundwater abstraction and contributed to greater exploitation of the resource. The rise in intensive use of groundwater by millions of small scale farmers is so striking that it has been dubbed a “silent revolution” (Llamas and Martínez-Santos, 2005).

During the second half of the 20th century, groundwater abstraction has followed a pattern similar to total water withdrawals. The most pronounced increases have been observed in countries where current groundwater withdrawals are the highest (Margat and van der Gun, 2013). Intensive groundwater withdrawal is particularly prevalent in countries such as Israel, Mexico, Spain, Turkey, the southwest of the United States (U.S.), Bangladesh, northern parts of The People’s Republic of China (hereafter “China”), northern India, Indonesia, Iran, Pakistan and Saudi Arabia (Margat and van der Gun, 2013; Shah et al., 2007). Notably there is a correlation between high aridity, groundwater dependence and abstraction intensity. Figure 1.1. illustrates the top ten groundwater abstracting countries (in terms of volume of water abstracted).

The total global withdrawal of groundwater was estimated at 8% of the mean global groundwater renewal in 2010, but this is highly variable among countries and may reach up to 50% in some cases (GEF, et al., 2015a). Groundwater abstraction is projected to stablise or slightly decrease in industrialised countries, while abstraction is projected to continue to increase in countries where economic and demographic growth is substantial and where irrigation is a significant user, such as countries in Asia (Margat and van der Gun, 2013).



Figure 1.1. Top ten groundwater abstracting countries

Abstraction as of 2010
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Groundwater is also becoming increasingly degraded due to pollution and saline intrusion (GEF, et al., 2015a; Margat and van der Gun, 2013). This degradation can be caused by the introduction of contaminants, such as those in fertilisers or pesticides, or by changes in the groundwater regime (often triggered by increasing withdrawals), which may increase saline intrusion or the concentration of existing contaminants, such as arsenic (Margat and van der Gun, 2013). Both current pollution as well as legacy pollution are problematic. Land use changes, such as extending impermeable surfaces in urban areas, can reduce groundwater recharge and contribute to pollution. Agricultural intensification can increase diffuse pollution and leaching of contaminants, such as nitrates, into groundwater (GEF et al., 2015a; Margat and van der Gun, 2013). At the same time, excessive recharge due to leaking public water supply networks, for example, can cause salinisation, alkalinisation and waterlogging (Margat and van der Gun, 2013). In the energy sector, the recent shale gas boom has increased pressure on the resource in some regions and provoked public concern over potential groundwater contamination risks (e.g. the leakage of fracturing fluids, hydrocarbons or saline water) (IEA, 2012).8 Degraded groundwater quality reduces its suitability for drinking (and other uses that require high quality water), increases the cost of treatment and can exacerbate water scarcity where degraded groundwater quality limits use.

Climate change is projected to reduce renewable surface water and groundwater resources in some regions, further intensifying competition for water (IPCC, 2014). Climate change is driving an intensification of the water cycle (Huntington, 2006), changing precipitation patterns, increasing evapotranspiration, impacting groundwater recharge and water quality, as well as increasing the frequency and intensity of extreme events (Bates et al., 2008; IPCC, 2014). In addition, sea level rise due to climate change contributes to saline intrusion in coastal aquifers (IPCC, 2014; Clifton et al, 2010). Higher water demand due to increasing temperatures and greater variability in precipitation (inter-annual and seasonal changes) is expected to particularly affect areas where mean groundwater recharge is expected to decrease (Margat and van der Gun, 2013).9 Climate change is also expected to greatly expand groundwater’s role in meeting water demand in some regions (Margat and van der Gun, 2013; OECD, 2015a).

Unsustainable groundwater use creates negative environmental externalities, including saline intrusion, land subsidence and reduction in spring flows and base flow, which puts stress on groundwater-dependent ecosystems such as wetlands (Box 1.1). This undermines the values (economic, environmental, social and cultural10) supported by groundwater resources and can result in irreversible damage (Margat and van der Gun, 2013; GEF et al., 2015a). Many cities are affected by land subsidence due to groundwater depletion, such as Tokyo, Shanghai, Calcutta, Venice, Mexico City and San Francisco (GEF et al., 2015a).



Box 1.1. Groundwater-dependent ecosystems

Ecosystems that rely on a supply of groundwater to function are considered to be groundwater-dependent ecosystems. They include rivers, lakes, riparian habitats, wetlands, springs, subterrean aquifers as well as estuarine and nearshore marine ecosystems. These ecosystems provide important ecosystems services, including food production, water purification, recreation, as well as habitats for migratory birds or rare plant and invertebrate species. Groundwater supports these ecosystem services through the provision of water (some ecosystems are fully dependent on groundwater), nutrients, buoyancy (as in the case of peatland bogs) and stability of water temperature. The reliance of ecosystems on groundwater may be continuous or periodic (seasonal or only during a limited period every few years).

While the contribution of groundwater to these ecosystems is recognised as vital, there are numerous, complex interactions, which are still poorly understood. Further, there is scant evidence about how groundwater depletion, pollution and land use change affects groundwater-dependent ecosystems. To adequately protect these ecosystems, more study is needed on their status, how they function and the impacts of land and water use, pollution and climate change.

Source: Kløve et al. (2011a); Kløve et al. (2011b).



Groundwater depletion also increases the cost of use, as pumping is required from ever-increasing depths, which may put small scale users at a disadvantage in terms of access to the resource (OECD, 2015a). The increasing cost of use may or may not be directly borne by groundwater users, depending on whether the cost of electricity or fuel to operate pumps is subsidised.11 This depletion can result in water shortage directly affecting users and can have indirect impacts on economic activities, such as lost earnings and foregone profits (OECD, 2013). Groundwater depletion could become the greatest threat to urban water supplies in several regions in the coming decades (OECD, 2012), resulting in potential high replacement costs to secure alternative sources of water.

The benefits of groundwater: Estimating value

...
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