Journal of Hydrology: Regional Studies 20 (2018) 145–157

Contents lists available at ScienceDirect

Journal of Hydrology: Regional Studies
journal homepage: www.elsevier.com/locate/ejrh

Development of cooperation on managing transboundary
groundwaters in the pan-European region: The role of international
frameworks and joint assessments
Annukka Lipponena,
a
b

T

⁎,1

, John Chiltonb

United Nations Economic Commission for Europe (UNECE), Palais des Nations, 8-14 avenue de la Paix, 1211 Geneva 10, Switzerland
16, Nun’s Acre, Goring on Thames, Reading RG8 9BE, United Kingdom

A R T IC LE I N F O

ABS TRA CT

Keywords:
Water resources
Groundwater
Convention
Governance
Assessment
Monitoring
Transboundary cooperation

Study region: pan-Europe, from Western Europe to Central Asia.
Study focus: Knowledge of transboundary aquifers (TBAs) in the pan-European region has
evolved through an inventory under the Convention on the Protection and Use of Transboundary
Watercourses and International Lakes (Water Convention) completed in 1999, and the First and
Second Assessments of transboundary waters undertaken in 2007 and 2011. These “snapshots”,
together with intergovernmental review processes indicate signiﬁcant advances in the recognition of TBAs. Reference is made to where collaboration on transboundary groundwaters has
developed, demonstrated by cooperation arrangements and joint projects.
New hydrological insights for the region: The ﬁndings highlight a number of factors; inventories,
participation in the work of the Water Convention and application of guidelines, joint projects,
the legal and institutional framework for management and the role of EU legislation. There is a
need for sound conceptual hydrogeological models of TBAs, but also for broadening joint assessment to better foster cooperation. Bringing together in transboundary dialogues technical
information with an understanding of the demands for groundwater and related drivers as well as
better understanding of the human, social and institutional dimensions of managing TBAs can
add to their eﬀectiveness. Such approaches can better provide for deﬁning and discussing policy
responses and for mobilising resources and the necessary political support.

1. Introduction
The pan-European region2 extending from Western Europe to Central Asia is characterized by a relatively well-developed legal
framework for managing surface and groundwater resources, including transboundary aspects. In the Western part, the EU Water
Framework Directive (WFD) provides the basis, but through Association Agreements and Neighbourhood Policy programmes and
funding, the inﬂuence of EU instruments extends well beyond the EU’s eastern border. In the former Soviet republics, even if each of
them has evolved separately, the legacy of the Soviet Union still inﬂuences how the management of natural resources, including
surface water and groundwater, is organised in terms of legislation and administration (UNECE, 2011). For historical reasons and due
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to the diﬀerent legal and policy frameworks in place, the pan-European region displays some heterogeneity in approaches to assessment, concepts and regulatory obligations. However, the Convention on the Protection and Use of Transboundary Watercourses
(Water Convention), which provides a legal and institutional framework and which cover both groundwaters and surface waters, is
applied across the pan-European region.
The conclusions reached in this paper are derived from observing tendencies revealed by the data as well as a review of literature.
The data and information used are mainly inventories of transboundary aquifers or groundwater bodies and assessments covering the
pan-European region. Some of these involve intergovernmental review processes and hence the aquifers included have some political
recognition as transboundary, while others investigated on a more purely technical and scientiﬁc basis, albeit with input from experts
in the countries, perhaps have more local recognition.
Under the Water Convention, on the basis of its obligations related to monitoring and assessment, work to assess and inventory
transboundary groundwaters has been undertaken since the 1990s. The secretariat of the Water Convention is hosted by the United
Nations Economic Commission for Europe (UNECE). UNECE has been associated with UNESCO’s International Shared Transboundary
Aquifer Resources Management (ISARM) programme since its early stages (UNESCO, 2001). The assessment of transboundary waters,
including groundwaters, under the Water Convention has essentially comprised the European component of ISARM. UNESCO contributed to the TBA inventories and other activities on groundwaters under the Convention, and in this way some ISARM expertise on
transboundary groundwater has also been mobilized.
In this paper, the evolution of information about transboundary aquifers (TBAs) is reviewed from an inventory of transboundary
groundwaters completed in 1999, and from the First and Second Assessments of transboundary waters undertaken in 2007 and 2011.
These “snapshots” indicate signiﬁcant advances in the recognition of TBAs, and provide information about their hydrogeological
characteristics, use of the groundwater resources and pressures exerted on them. The period covered by the assessments and the time
passed since allows some general trends to be identiﬁed. The results suggest that i) obligations from international legal instruments,
ii) aquifer-sharing countries attaching importance to transboundary cooperation, iii) groundwater use having impacts across borders
and iv) active existing technical cooperation are among the factors driving the formalization of groundwater cooperation.
2. Approach
The approach to assessments under the Water Convention used as a basis the guidelines for assessment of transboundary rivers,
lakes and groundwaters developed and piloted in the late 1990s and early 2000s (Lipponen and Kauppi, 2015). Section 3 explains the
background and scope of the Convention and the sections below brieﬂy describe some key elements of the assessment approach. In
addition, a step-by-step approach facilitating progressive improvement and using the monitoring and assessment cycle (Fig. 1), in
which analysis of information needs is linked to water management issues, is fundamental to the guidance developed under the Water
Convention (UNECE, 2006). There is synergy in this approach with the requirements for characterizing groundwater bodies derived
from the EU Water Framework Directive.

Fig. 1. The monitoring and assessment cycle framing the guidance developed under the Water Convention for assessments of transboundary waters
(UNECE, 2006).
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Fig. 2. Typology used to classify transboundary aquifers in regional assessments carried out under the Water Convention (UNECE, 2007).

2.1. Driving force-Pressure-State-Impact-Response framework
To characterise, monitor, assess and manage a river basin or groundwater body, its various uses and functions should be known
and documented. The connections between water management issues have been usefully illustrated by the DPSIR framework. This
was originally derived by the European Environment Agency (EEA, 1999) and now underlies the approach followed by both the EU
for its Water Framework Directive and for assessments under the Water Convention. The framework assumes that social, economic
and environmental systems are interrelated. The links are illustrated as driving forces for environmental change, such as urbanisation, intensiﬁcation of agriculture, mining or industrial development. These create pressures on the environment, for example
increasing water use or potential pollution threats. These in turn aﬀect the state of the environment and the consequent changes in
status are felt as impacts on ecosystems, economies and communities. Eventually, negative impacts will lead to responses by society,
such as the development of policies for river basin or aquifer protection or restoration. If the measures developed under such a policy
response have the intended eﬀect, their implementation will lessen or reverse the impact, improve the environmental state in terms of
quantity or quality, and help to lessen or control the pressures and driving forces.
2.2. Transboundary aquifer typologies
It is the physical environment – the geology, topography and major catchments which provide the settings within which transboundary aquifers and groundwaters occur. Clearly a geological formation forming a productive aquifer crossed by a national border
is the ﬁrst requisite, and four well-recognised transboundary hydrogeological settings are shown in Fig. 2 (UNECE, 2007). This
typology was drawn up by the Convention’s Core Group on Groundwater to help respondents in identifying and classifying transboundary aquifers for the questionnaires used in both UNECE regional assessments. It often proved useful in helping national colleagues conceptualise where transboundary groundwater ﬂow conditions might occur.
Alluvial aquifers are most often in the lowland sections of river basins, in sediments deposited by a river on both sides of its
present course, which often forms the national boundary (type 3, Fig. 2). They are often of considerable areal extent, highly developed and densely populated and with human activities which can impose great water demands and provide major pressures on
both quantity and quality of the underlying groundwater. Groundwater ﬂow in the alluvial aquifer is often directed towards the river
(type 3, Fig. 2), which may form such a dominant hydraulic boundary that transboundary groundwater ﬂow is unlikely to occur. In
some such cases, a “boundary” rather than transboundary groundwater body has been recognised for which joint management
measures may not be needed. However, in such situations groundwater and surface water is closely connected and any modiﬁcations
to the ﬂow regimes of either could have transboundary impacts. It would be advisable, therefore, to establish a mutually-agreed
conceptual understanding of the hydrogeology so that if subsequent monitoring demonstrates major changes in either quality or
quantity these can be interpreted and any needed responses to such changes can be identiﬁed, agreed and implemented.
The other three settings shown in Fig. 2 illustrate aquifers in consolidated formations traversed by national borders. In types 2 and
4, the hydrogeological situation is such that recharge in one country contributes to storage in the aquifer and eventual discharge in
the neighbouring country to surface waters, or via springs or groundwater abstraction points. Human activities causing pressures in
the upper part of the catchment in one country could cause negative quantity or quality impacts lower down in the neighbouring
country. Joint characterisation and management is clearly essential in these cases.
Type 1 in Fig. 2 shows the common case in which a state border follows a major surface watershed. In these situations, the
groundwater divide often coincides with the surface water catchment so that recharge on each side eventually ﬂows away from the
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divide and there is little or no transboundary groundwater ﬂow. Designated groundwater bodies in such situations have also
sometimes been deﬁned as “boundary” rather than transboundary, although in practice the groundwater divide may not everywhere
follow the topographic catchment, and may change position seasonally or in response to groundwater abstraction. Again, it is as well
for the neighbouring countries to be jointly prepared for this possibility with a mutually-agreed conceptual model of the groundwater
regime.
2.3. The intergovernmental process
The assessments under the Water Convention place a strong emphasis on a participatory process with oﬃcial representation of the
concerned states (both Parties and non-Parties). This is commonly provided by senior regulators, managers and engineers from the
ministries responsible for water resources, and involving other national and provincial authorities as needed. This helps to ensure
adequate provision of information for inventories of transboundary waters, including institutional frameworks and responsibilities,
water uses and potential threats to water resources. It also establishes oﬃcial representation for review of the assessments before they
are completed.
3. Main features of the policy framework
3.1. UNECE Water Convention
The Water Convention was signed in Helsinki on 18 March 1992 and entered into force on 6 October 1996. It was initially
negotiated as a pan-European legal and institutional framework for improving the management of shared waters, including their
protection. Presently there are 40 Parties to the Water Convention. With the entry into force of the amendments opening the Water
Convention for accession to all UN Member States on 6 February 2013 and with the subsequent completion of the ratiﬁcations of the
amendments, the Water Convention was turned into a global legal framework for transboundary water cooperation. The wider
interest is demonstrated as more than 40 countries from outside the pan-European region have actively participated in the
Convention’s activities (UNECE, 2016) and several non-UNECE countries have requested assistance for or taken steps towards accession to the Water Convention.
3.1.1. Scope
The Water Convention deﬁnes ‘transboundary waters’ to mean any surface waters or groundwaters which mark, cross or are
located on boundaries between two or more states (Art. 1). As for groundwaters, the Convention includes both conﬁned and unconﬁned aquifers. In addition to applying to surface waters and groundwaters alike, the Convention has the catchment area concept
among its basic principles. Cooperation according to the Convention is not conﬁned to the body of water but must be applied to the
relevant catchment area or at least parts thereof (Art. 2(6)).
The main obligations of Parties to the UNECE Water Convention (Art. 2) are to:
1) take all appropriate measures to prevent, control and reduce any transboundary impacts;
2) ensure that transboundary waters are used in a reasonable and equitable way; and
3) cooperate on the basis of equality and reciprocity.
International water law and its application to groundwater has been strengthened in the past decade by: i) The 1997 Convention
on the Law of the Non-Navigational Uses of International Watercourses which entered into force in August 2014; ii) the draft Articles
on The Law of Transboundary Aquifers (UNGA, 2008) adopted by the UN General Assembly in December 2008 as resolution A/RES/
63/124. This was developed within the framework of the International Law Commission (ILC). Conti and Gupta (2016) provide a
useful review, also including subsequent resolutions regarding the ILC Draft Articles.
The Parties to the Convention also recognized a need for further guidance on the Convention’s application to groundwater and to
support the development of cooperation arrangements. A concrete demonstration of this was the establishment of a Core Group on
Groundwater under the Legal Board to draft, in 2011–2012, the Model Provisions on Transboundary Groundwaters (UNECE, 2014).
The Group brought together legal and technical expertise for the speciﬁc purpose of developing this soft-law instrument. The Model
Provisions on Transboundary Groundwaters (2012),3 which build on the ILC Draft Articles, are legally non-binding and are intended
to be used by Parties and non-Parties in developing speciﬁc agreements. The commentary to the Model Provisions drawing on, for
example, the EU WFD, highlights a number of characteristics speciﬁc to groundwaters, such as aquifer geometry, aquifer vulnerability, recharge rates and interaction with surface waters.
3.1.2. Water Framework Directive
Since its adoption in 2000, water management in the Western part of the pan-European region has been completely dominated by
the EU Water Framework Directive (WFD). The WFD is complemented by the Groundwater Directive (2006/118/EC) adopted in
3
Adopted by the sixth session of the Convention’s Meeting of the Parties.as presented in document ECE/MP.WAT/2012/L.5: UNECE, ‘Draft model provisions on
transboundary groundwaters’ (14 September 2012); published as UNECE (2014).
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2006. Speciﬁc issues relevant to the management of groundwaters are also regulated by other EU directives, for example nitrate
pollution by the Nitrates Directive (96/676/EEC). A detailed review of EU legislation is beyond the scope of this paper.
Countries have transposed the WFD into their own national legislation, and have been obliged to follow its implementation
timetable, including the requirement to develop and publish River Basin Management Plans (RBMPs) and to establish programmes of
measures. To achieve its environmental objectives, all programmes of measures are to be coordinated for the whole of the river basin
district. For river basins extending beyond the boundaries of the EU, Member States should endeavour to ensure appropriate coordination with the relevant non-member states, (Art. 3.4).
WFD provisions include the aim of producing a single international river basin management plan within and beyond EU
boundaries (Art. 13) as well as establishing and maintaining quantitative and qualitative monitoring (Annex V. 2.2, 2.4.2). Regarding
groundwaters, the direction and rate of groundwater ﬂow across the member state boundary should be estimated, and parameters
which are relevant for the protection of all uses supported by the groundwater should be monitored.
For groundwaters, member States were obliged to deﬁne and designate groundwater bodies within river basin districts (RBDs).
These groundwater bodies were to be classiﬁed according to pressures and impacts of human activity on the quality of groundwater
(Annex II. 2.3). This classiﬁcation was to be made from 2004 to 2005, and reported to the European Commission. Norway and
Switzerland, while not members of the EU, have also adopted the WFD and pursue closely comparable aims in their approaches to
water management. While the basin approach was already inherent to the Water Convention, the WFD has greatly strengthened the
concept of integrated water resources management in river basin districts, which is now well established in both EU and adjacent
states. The WFD requirement to identify and characterize groundwater bodies for their integration into RBMPs has helped to stimulate interest in and knowledge of potential transboundary groundwaters in the region. Beyond the EU Member States, the WFD is
also noted to have signiﬁcantly inﬂuenced the work of institutions responsible for groundwater, especially in EU candidate countries
but also others.
3.1.3. Groundwater Directive
The Groundwater Directive (2006/118/EC) required groundwater quality standards to be established by the end of 2008.
Pollution trend studies had to be carried out and baseline levels established. It also required reversal of pollution trends so that
environmental objectives could be achieved by 2015, using the measures set out in the WFD. The Directive speciﬁes that for
groundwater bodies shared by two or more Member States and within which groundwater ﬂows across a boundary between them, the
establishment of threshold values is subject to coordination between the Member States concerned (Art. 3. 3). Co-ordinated monitoring of transboundary water bodies should be further developed to achieve comprehensive pictures of baselines and trends to
support water management and to assess the eﬀectiveness of measures.
The European Commission established a Common Implementation Strategy (CIS) for the WFD under which guidance documents
were prepared to support implementation by Member States. Within the framework of the CIS, a technical Working Group on
Groundwater, initially tasked with preparing such guidance continues to provide for exchange of experience regarding implementation of the WFD and Groundwater Directive.
As the above description of the main regional legal frameworks demonstrates, policy and management of shared groundwater
resources in the pan-European region embraces some diﬀerent concepts. The deﬁnition of groundwater bodies (as management units
according to the WFD) on hydrogeological grounds and their relationship to aquifers diﬀers somewhat according to the approaches
that diﬀerent states have taken (EC, 2005; EEA, 2013). The use of terms in international legal texts addressing transboundary
groundwaters is not uniform. The Water Convention speciﬁes in its area of application groundwaters (“which mark, cross or are
located on boundaries between two or more states”). In the Guide to Implementing the Convention, the term “aquifer” is also used: As
for groundwaters, the Convention includes both conﬁned and unconﬁned aquifers. As the Convention provided the model for
agreements on transboundary waters (UNECE, 2011; Lipponen, 2015), groundwater is also referred to in about one third of the
bilateral and multilateral agreements concluded in the region. Later soft law guidance developed under the Convention builds on the
ILC Draft Articles.
4. Status of knowledge about TBAs
The international legal frameworks in the pan-European region, notably the Water Convention and the Water Framework
Directive, with their obligations related to monitoring, assessment and information exchange have signiﬁcantly contributed to advancing knowledge about transboundary aquifers. Article 2(6) of the Water Convention sets out a general obligation by which states
must cooperate on the basis of equality and reciprocity. The provisions related to the exchange of data and information (Article 13),
and joint monitoring (Article 11) can be viewed as more speciﬁc requirements within this general obligation to cooperate. A key
instrument in the implementation of Articles 11 and 13 is the requirement that Riparian Parties enter into joint arrangements and
establish joint bodies relating to their transboundary waters (Article 9). Collection and exchange of information and joint monitoring
are considered key tasks of any joint body. More speciﬁcally on monitoring and assessment, these tasks involve the development of
joint monitoring programmes for water quality and quantity [Article 9(2)(b)] (UNECE, 2013).
Implementation of the Convention’s provisions related to monitoring and assessment was supported by the development of
guidelines. Complementing the Guidelines on Water Quality Monitoring and Assessment of Transboundary Rivers published in 1996
(UNECE, 1996), Guidelines on Monitoring and Assessment of Transboundary Groundwaters were published in 2000 (UNECE, 2000),
together with four technical (background) reports on groundwaters.
When the Water Convention came into force in 1996, knowledge of even the existence and location of transboundary
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Fig. 3. Inventory of transboundary aquifers in Europe (redrawn from UNECE, 1999). The base map of countries has been updated to reﬂect political
developments. The framing of the present map is focused on the areas where transboundary aquifers were identiﬁed, and consequently some parts of
territories, notably islands, are not shown.

groundwaters lagged far behind that of transboundary river basins. For this reason, the Convention’s Task Force on Monitoring and
Assessment decided to compile information on transboundary waters at a pan-European scale, which resulted in the publication of
the inventory of transboundary groundwaters in Europe (UNECE, 1999). The First Assessment of Transboundary Rivers, Lakes and
Groundwaters (UNECE, 2007) was compiled with the aim of evaluating the implementation of the Convention and assessing progress
achieved in improving the status of transboundary waters in the pan-European region, including the EU, South-Eastern Europe,
Eastern Europe, the Caucasus and Central Asia. The decision to undertake this work was made by the Parties at their third meeting in
Madrid in November 2003. In the First Assessment, groundwaters were not systematically covered across all sub-regions but the
transboundary aquifers of Central Asia and South-Eastern Europe were inventoried and their status assessed.
In the Second Assessment (UNECE, 2011), a holistic, integrated approach was applied which involved looking at both surface and
groundwaters within each transboundary basin (Lipponen and Kukuric, 2010). Pressures on transboundary water resources were
identiﬁed and their importance evaluated. Legal, institutional and socioeconomic aspects were highlighted and some cross-cutting
themes – notably climate change—were addressed.
As recognition of transboundary aquifers has improved, the 89 such aquifers identiﬁed in the 1999 inventory (Fig. 3) had increased to 193 in 2011 (Fig. 4). At the level of speciﬁc sub-regions, a progression can also be seen. In South-Eastern Europe, while the
1999 UNECE inventory identiﬁed 23 transboundary aquifers, and an inventory by the International Network of Water-Environment
Centres for the Balkans (INWEB) reported 47, the First Assessment covered 51 (UNECE, 2007). At the same time, their spatial
representation has become reﬁned from simple dots in 1999 (Fig. 3), some of which were not recognised as transboundary by both
neighbouring counties, to more detailed delineations (Fig. 4). The emphasis of these assessments has broadened from a fairly
technical focus to incorporate information about the status of groundwater management and cooperation, including the legal and
institutional basis. In the Second Assessment, the extent of transboundary cooperation (joint bodies, joint monitoring etc) and
150
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Fig. 4. Transboundary aquifers and groundwater bodies in Europe, as identiﬁed in the Second Assessment (UNECE, 2011).

measures taken were also described. These assessments have been prepared through intergovernmental processes which have determined their scope and the transboundary waters included.
Looking at the situation by sub-region as presented in the Second Assessment, the number of aquifers identiﬁed as transboundary
varies. The highest density of TBAs occurs in South-eastern Europe (Fig. 4), where a series of international projects on transboundary
groundwaters has been undertaken in the course of the past 15 years by INWEB based in Thessaloniki, by the Global Water Partnership Mediterranean (e.g. Ganoulis, 2007) and by UNESCO-ISARM (Candela, 2014). Other important concentrations of TBAs
(Fig. 4) occur in the basins of the Danube, Meuse, Rhine and the Scheldt in Western and Central Europe as well as the Baltic states
(Estonia, Latvia and Lithuania, Fig. 4).
The nature of the underlying regional geology is a major factor and partly explains the distribution. In Fennoscandinavia where
very few transboundary aquifers were registered, the geology is dominated by large expanses of metamorphic crystalline rocks. While
shallow Quaternary unconsolidated ﬂuvio-glacial deposits overlying the metamorphic rocks host locally signiﬁcant aquifers, they are
small and commonly discontinuous. As a consequence, Finland and Sweden both have more than 3000 groundwater bodies deﬁned
under the WFD (EEA, 2013) but these very rarely reach across national borders. In South-Eastern Europe, the large alluvial basins
associated with the Danube and its tributaries and the karstic terrain host important transboundary aquifers. In the Baltic States and
in Western Europe there are extensive sedimentary aquifers associated with the major rivers which are important sources of
groundwater. Reﬂecting the regional geology, the number of groundwater bodies in each member state varies from a few, to tens,
hundreds and thousands (EEA, 2013).
Guidelines for deﬁnition of groundwater bodies are not unambiguous, which has led to somewhat diﬀerent interpretations (EEA,
2013). For this reason, harmonization between transboundary groundwater bodies (as management units) and aquifers (as hydrogeological units) is not straight-forward (Lipponen and Kukuric, 2010). There may be an asymmetry of information available from
each side of a border, and commonly the indirect and/or interpretative nature of much hydrogeological information involves some
degree of uncertainty.
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The requirements of the WFD to delineate groundwater bodies and to establish the groundwater status and related thresholds for
water quality related to trends and risk assessment has provided an important driver for scientiﬁc and technical studies related to
groundwater. Transboundary coordination of RBMPs brought up harmonization needs and many river basin commissions within the
EU have fostered dialogues on this. The work of the Task Group Groundwater of the International Commission for the Protection of
the Danube River (ICPDR) shows that harmonization needs across countries in the Danube Basin identiﬁed several speciﬁc issues.
These include bilateral coordination and agreements on approaches and principles, delineation of groundwater bodies and the development of common conceptual models for each, risk assessment, monitoring activities, assessment of status and trends and data
exchange (ICPDR, 2008).
The latest eﬀort to assess transboundary waters was carried out in the framework of the groundwater component of the GEFfunded Transboundary Waters Assessment Programme's (TWAP). The groundwater assessment's European part focused on a limited
number of TBAs, selected taking into account geographical representation, importance, issues and data availability (Candela, 2014).
The latest spatial information on TBA delineations has been consolidated by IGRAC (2012) into a global map.
5. Socio-economic aspects of transboundary aquifer management
It is crucial that assessment of transboundary aquifers and groundwater bodies in the region supports better management, including sustainable use and protection of groundwater resources. To help achieve this, both the Water Convention and the WFD
envisage greater eﬀort being required to take account of the human, social and institutional dimensions of water management, which
may be particularly complex in the case of TBAs.
Within the UNECE’s monitoring and assessment strategy (UNECE, 2006), this is addressed by basing the whole approach on the
DPSIR framework and the monitoring and assessment cycle (Fig. 1). The ﬁrst, upper part of the cycle is supplemented by an analysis
of water management issues from which the information needs can be determined. This analysis starts by identifying the human,
social and economic uses and functions of water for drinking, agriculture, industry, recreation and the environment, and any potential threats to these uses and functions. The analysis also examines which institutions are responsible in each neighbouring country
for water management − surface water and groundwater and quantity and quality may, for example, be assigned diﬀerently and
responsibilities could be held at either national or more local, provincial level. The institutional setting may be complex, with
diﬀering and perhaps even conﬂicting objectives in neighbouring states. Existing information may be dispersed and not easy to
access. In some cases, basin commissions already exist but their focus on groundwater may be less strong than on the major river
system for which they were established.
The outcome of the analysis should be a clear picture of where responsibility for management lies in the neighbouring countries
and which institutions require what type of information to support their management activities, to evaluate the eﬀectiveness of
measures they may already be taking and to help identify new measures that might be needed. This picture of water management
issues leads to a speciﬁcation of information needs (Fig. 1) from which assessment and monitoring objectives are determined.
Information needs may evolve further during monitoring because of changing legislation or policies and evolving water management
priorities, the attaining of targets or the arrival of new potential threats. This requires regular reappraisal of the information gathering strategy in response, including the types of monitoring data collected and the parameters to be analysed (UNECE, 2006).
Supplementary information from other sectors and stakeholders on such social and economic factors as changing demographics
and water demands and agricultural, urban and industrial development and water use is often needed to strengthen the reporting so
that it forms an adequate basis for water management decisions. Many stakeholders expect changing environmental requirements
and concerns, particularly with respect to water-dependent ecosystems, to be fully taken into account. Within the UNECE region, the
GEF Groundwater Governance project concluded that countries “have often struggled to balance greater awareness of the need to
protect groundwater resources from depletion and quality deterioration with the need to respond to and meet growing water demand” (Chilton and Smidt, 2013).
The cycle (Fig. 1) provides a complete sequence of activities to ensure that raw monitoring data are turned into information and
reported back in appropriate ways to the institutions responsible for water management and also to the many other interested
stakeholders. The cycle must be complete to allow this to happen, and to permit the necessary updating and reﬁnement referred to
above. Where the cycle is broken, this very often results from institutional reorganisation and/or changing responsibilities, lack of
skilled personnel to design, manage and perform the steps in the cycle and shortage of funds for these activities to be properly
undertaken.
Participation of the general public and diﬀerent societal interests and groups in the management of water resources has been
strengthened in the pan-European region by both the WFD and the UNECE environmental conventions. The WFD lays out speciﬁc
time-frames and procedures for public consultation, notably about the RBMPs, and consequently broader participation in planning
has become the norm. At the transboundary level, joint bodies such as basin organisations have often developed their own mechanisms for encouraging and facilitating public participation. Selection of appropriate tools for public participation and stakeholder
involvement according to purpose and also reﬂecting the local institutional and social context is recommended (UNECE, 2015a).
The Water Convention’s obligations concerning public information (Article 16) can be interpreted in the light of another UNECE
environmental convention. The Convention on Access to Information, Public Participation in Decision-Making and Access to Justice
in Environmental Matters; the Aarhus Convention was adopted on 25 June 1998 and entered into force on 30 October 2001. If an
activity, plan or programme likely to cause transboundary impact is proposed under the jurisdiction of a Party to the Water
Convention, notiﬁcation and possible consultation should be carried out in accordance with the relevant provisions of the Convention
on Environmental Impact in a Transboundary Context. This is the Espoo Convention which was adopted in 1991 and entered into
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force on 10 September 1997.
The recognition of the importance of the transboundary dimension in the region but also globally has increased. It was a major act
of political recognition that in the 2030 Agenda on Sustainable Development adopted by the UN General Assembly (UNGA, 2015),
target 6.5 on IWRM included transboundary cooperation it its wording: “By 2030, implement integrated water resources management at all levels, including through transboundary cooperation as appropriate”.
Global indicators for the SDGs were developed by the Inter-Agency Expert Group on SDGs (IAEG-SDGs) and were adopted by the
United Nations Statistical Commission in March 2016. Indicator 6.5.2 was adopted to measure progress on transboundary cooperation in accordance with target 6.5. Within the framework of UN-Water, and given their mandate on transboundary water issues,
UNECE and UNESCO have led the development of the methodology for indicator 6.5.2 and are acting as the co-custodian agencies for
monitoring this indicator at the global level (UNECE/UNESCO, 2017).
Indicator 6.5.2 is deﬁned as the percentage of transboundary basin area with an operational arrangement for transboundary
cooperation. To be considered operational, all of the following criteria should be met in the case of a particular cooperation arrangement or agreement: a joint body, joint mechanism or commission for transboundary cooperation should exist; formal communication in the form of meetings should be regular, there should be joint or coordinated water management plan(s) or establishment of joint objectives; and, ﬁnally, exchange of information and data should be regular. Target 6.5 on IWRM and indicator 6.5.2
link also groundwater cooperation to water resources management as a whole and to development, and is therefore expected to draw
attention more widely to how transboundary groundwaters are covered by cooperation arrangements.

6. Case study Aggtelek – Slovak karst aquifer
The Aggtelek – Slovak karst aquifer shared by Hungary and Slovakia is located in a Mesozoic carbonate complex with a morphologically-visible karstic plateau and canyon-like valleys of watercourses, separating diﬀerent hydrogeological units (Malík et al.,
2016). The aquifer constitutes a source of high quality groundwater, and the identiﬁed main reasons for transboundary cooperation
are protection of drinking water resources and groundwater dependent ecosystems (springs, caves). The areal extent of the
groundwater body is 1069 km2 (598/471: ICPDR, 2004).
Several factors have contributed to this aquifer having been the subject of various cooperation activities and formal processes,
including reporting as transboundary groundwater to the EU in the WFD context. Cooperation at a technical level between the two
countries' scientiﬁc institutions has a long history (Sarvary, 2000). Groundwater is also a part of the scope of bilateral HungarySlovakia cooperation on water management, and both countries have demonstrated that they attach great importance to transboundary cooperation.
The legal basis for cooperation was provided by an Agreement between the Governments of the Hungarian People's Republic and
the Czechoslovakian Socialist Republic on the regulation of water management issues for transboundary waters which was signed on
31 May 1976 and entered into force on 28 July 1978. Exchange of data and information started in 1998 when the Regulation of the
Co-operation in the Field of Hydrological Data and Information Exchange was concluded, the scope of which included groundwater
(UNECE, 2002). Later, implementation of the WFD started from 2000 under the framework of the ICPDR. The above-mentioned
Agreement also covers groundwaters, and both quantity and chemical quality were reported to be subject to joint monitoring. The
monitoring overall, including surface waters, was reported by Hungary to involve joint and agreed methodologies and joint sampling.4
Thanks to the activity of the aquifer-sharing countries, formalized by a decision of the Slovak-Hungarian Joint Commission in
September 2000 (UNESCO, 2001), followed by a Memorandum of Understanding signed in May 2001 (UNECE, 2002), one of the few
pilot projects for the application of the Water Convention’s guidelines was established for this aquifer (UNECE, 2006). The pilot
project, scheduled for the years 2002–2003, served the purposes of testing the guidelines on groundwaters, characterizing the
Aggtelek-Slovenský kras as a groundwater water body according to the WFD and carrying out vulnerability mapping. The respective
geological surveys represented the two countries in the pilot project team. Both Hungary and Slovakia participated actively in the
work of the UNECE Core Group on Groundwater, and at its 14th meeting responsibility for groundwater activities including the
groundwater pilots was transferred to Slovakia. At the time, Hungary and Slovakia reported that they were using the Water Convention’s guidelines for monitoring and assessment “extensively in all aspects”, being one of only a few cases where a formal decision
to use the guidelines had been made (UNECE, 2002). Further, Hungary had the monitoring guidelines translated into Hungarian.
The Aggtelek karst/Slovensky kras (together with Dunántúli középhegység északi rész/Komarmanska Vysoka Kryha) is among the
11 transboundary groundwater bodies reported by ICPDR (2004) in the WFD Roof report to the EU for the Danube River Basin.
Hungary in its reporting on transboundary cooperation under the Water Convention included the Aggtelek aquifer.
Technical cooperation between Hungary and Slovakia has continued. Among later cooperation projects is the European
Commission INTERREG IIIA project “Environmental state and sustainable management of Hungarian-Slovak transboundary
groundwater bodies (ENWAT)” (Malík et al., 2016). The importance given by the two governments to transboundary water cooperation is conﬁrmed by Slovakia hosting and funding the International Water Assessment Centre (IWAC), and Hungary hosting the
seventh session of the Meeting of the Parties to the Water Convention in 2015 and chairing the Convention’s Bureau from 2016 to
2018 (UNECE, 2015b).

4

This information was provided to the UNECE secretariat in Hungary’s reporting on transboundary cooperation under the Water Convention (May 2017).
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7. Comparison to other subregions
In the mid-2000s, the UNECE Groundwater Core Group made eﬀorts to support cooperative projects focused on monitoring and
assessment in Eastern Europe (the Bug), the Caucasus (the Kura) and in Central Asia. These met with limited success, often because of
diﬀerences in interest, commitment and resources between the neighbouring countries. Only much later have initiatives emerged in
these cases, but groundwater has not become an element of formal cooperation as it did in the case of the Aggtelek – Slovak Karst
aquifer and also elsewhere in the EU. A GEF project approved in 2017 for execution by UNESCO and UNECE is broader, on conjunctive management of surface and groundwater in the Bug and Neman transboundary river basins and the underlying aquifer
systems.
The type or level of use as well as relative importance of particular groundwater resources to the aquifer sharing States vary
greatly across the region (UNECE, 2011), and likely has inﬂuenced the perceived need for cooperation in their management, Where
transboundary cooperation in groundwater has become established, a signiﬁcant water management issue such as the threat of
aquifer depletion from heavy groundwater abstraction may have helped to trigger cooperative action. Examples include the FrenchBelgian carboniferous limestone aquifer system, the Deep Thermal Groundwater Body in the Lower-Bavarian-/Upper-Austrian Molasse Basin (Belau, 2017) and the Genevese aquifer (De los Cobos, 2010).
In the Caucasus in the Kura Basin and Central Asia in the Syr Darya Basin, potential GEF projects on transboundary groundwaters
were prepared. For many reasons, but in particular due to a lack of support from some of the countries, these were not developed into
full projects or implemented. Even very recently, it has proved diﬃcult to have all aquifer-sharing countries contributing data and
participating (an assessment of the Pre-Tashkent aquifer only reported on the Kazakhstani part, UNESCO-IHP, 2016), or obtaining
adequate commitment and support from the countries for timely implementation (the Syr Darya GEF project).
In the Western Balkans, where cooperative projects, including some funded by GEF, have been established, the countries have the
Water Convention as a common basis and the EU legal framework also promotes harmonised approaches. There is a long history of
technical cooperation and common interest in the study and management of both the Dinaric Karst aquifers (GEF/UNDP and
UNDPUNESCO-IHP, 2013) and the alluvial aquifers of the Danube basin (ICPDR, 2008). The ﬁrst of these, summarising the extensive
transboundary diagnostic analysis (TDA) undertaken in the DIKTAS project in four countries of the region highlighted the need to
develop common groundwater protection and monitoring strategies for the hydrogeologically complex karstic environments
(Stevanovic et al., 2016).
8. TBA agreements in the pan-European region
Overall, there are more than 150 freshwater agreements on the management of transboundary waters between countries in the
pan-European region, most of which were inventoried in the Second Assessment (UNECE, 2011). Regarding the timing these
agreements were concluded, they can roughly be grouped in three clusters. Approximately a third were signed in 1991 or earlier
(most from the 1950s or 1960s), and another third from the 1990s were established in response to the break-up of the Soviet Union
and the former Yugoslavia. These new agreements are mostly modelled on the UNECE Water Convention. The most recent third of the
agreements dates from the 2000s and many are revisions to take account of the WFD in agreements between EU Member States
(UNECE, 2011; Lipponen, 2015).
The international legal basis for managing transboundary groundwaters has strengthened globally due to the opening up of the
Water Convention, entry into force of the UN Watercourses Convention and the adoption of the UN-ILC Draft Articles on the Law of
Transboundary Aquifers. The Water Convention has a number of obligations to all Parties, related notably to national legislation
regarding e.g. wastewater discharges, accidental pollution and application of the Environmental Impact Assessment. The second set
of obligations articulated by the Convention concerns riparian Parties, that is states bordering the same transboundary waters.
Notably, the Water Convention requires that the riparian Parties enter into agreements and establish joint bodies relating to their
transboundary waters, cooperating bilaterally and multilaterally. This requirement has contributed widely to formalizing water
cooperation, including also on groundwaters.
There are many bilateral and multilateral agreements on transboundary waters between or with the participation of countries in
Eastern Europe, the Caucasus and Central Asia (the EECCA subregion). However, either no explicit reference is made to groundwater
or when groundwaters are covered in the scope of the agreement, application to groundwater still remains limited. The principle of
integrated management of surface water and groundwater is largely missing in water laws in a number of countries of the Eastern
part of the pan-European region. In a review of agreements carried out to support the work of the Water Convention’s Legal Board, 13
out of 30 bilateral and multilateral agreements between or with the participation of countries of Eastern Europe, the Caucasus and
Central Asia include groundwater in their scope.5 Speciﬁcally, of these 13 agreements 12 are bilateral ones concluded in the 1990s or
2000s after the dissolution of the Soviet Union. They are between Ukraine and Russia and their neighbours: Russia with Belarus,
Kazakhstan, Mongolia and Poland and Ukraine with Belarus, Hungary, Poland, Republic of Moldova, Romania and Slovakia. The
remaining one is a regional agreement between some of the countries of the Commonwealth of Independent States.
A number of well-established legal and institutional frameworks on transboundary (surface) waters, notably in the EU, have seen
the gradual incorporation of groundwater. Among the factors that have contributed to this is the reorganisation and adaptation of
institutions to take on the designation of ‘competent authorities’ required for implementation of the WFD and the RBMP processes. In
5

The review was not fully comprehensive as not all the agreement texts were available, but it nevertheless gives the overall picture.
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fact, the major development that triggered revision of agreements on transboundary waters in the 2000s was the transposing of WFD
requirements. At the same time, speciﬁc agreements and institutions for groundwaters or aquifers remain very few, even globally. An
exception within the pan-European region is the Genevese aquifer formed of alluvial sediments along the Rhone at the outlet of Lake
Geneva, and shared by France and Switzerland. An agreement for its management and protection was ﬁrst signed in 1978 but has
since been replaced by a new agreement, in force since 2008 (De los Cobos, 2010) aligned with the relevant European legal and
regulatory frameworks.
In most cases joint bodies for transboundary cooperation have not dealt with groundwaters. Some joint bodies have operational
units for groundwater, e.g. the ICPDR has a Task Group Groundwater and in the Meuse Commission, a Project Group Groundwater
was set up. The Task Group Groundwater, established in 2004 at the initiative of the ICPDR member countries, had initially among its
tasks the deﬁnition of criteria for the identiﬁcation of transboundary GWBs of basin wide importance, the development of guidelines
for their harmonised characterisation, the collection of relevant information on groundwaters and drafting of respective parts of the
Roof Report on the Danube Basin. Consequently, 11 transboundary groundwater bodies of basin-wide importance were identiﬁed in
the ﬁrst RBMP in 2010 and conﬁrmed by all ICPDR contracting parties.
A prerequisite for establishing more formal and sustainable cooperation arrangements is recognition of groundwater resources
shared by speciﬁc countries as transboundary. This is often inﬂuenced by cross-border disparities in the view of the importance of the
aquifer; one country may draw much more water from it than the other. The fact that there are gaps in the formalization of cooperation on transboundary aquifers or groundwaters may be linked to low designation of groundwater resources as transboundary.
Within the EU, during the ﬁrst WFD reporting cycle only 124 groundwater bodies out of the 7019 for which attribution was given
were reported as transboundary, only on certain borders and in some cases on one side only (UNECE, 2011). In later reporting, of a
total of 13,345 groundwater bodies designated in EU Member States, 8193 had their boundary status attributed, of which 268 were
identiﬁed as transboundary (EEA, 2013). While this includes some on the borders of the EU, it does not include those beyond the EU,
for example many of those in the Balkan region, as Croatia had not at that time become a member of the EU.
9. Perspectives
The Water Convention and the WFD, beyond the pan-European region and beyond the EU respectively, as major legal frameworks
provide general directions for more sustainable management of shared groundwater resources. The provisions of the Water
Convention have been incorporated into speciﬁc cooperation agreements and the WFD has been widely transposed into national
legislation. This said, there is a need to transfer the extensive guidance which has been developed more widely to management
practice and cooperation on the ground in countries. The Meeting of the Parties to the Water Convention adopted the Model
Provisions on Transboundary Groundwaters which draw upon the ILC Draft Articles, and has encouraged their wide use by countries.
Despite the overall progress which has been made in the region in the legal basis relevant to groundwaters, the current level of
institutionalizing groundwater cooperation leaves much room for improvement. A prerequisite for making more progress is recognition of particular groundwater resources as transboundary. The regional assessments of transboundary waters and the RBMP
processes have provided opportunities for countries to consider and exchange views about their priorities and about the importance
of speciﬁc aquifers or groundwater bodies. The inventories carried out under the Water Convention and the groundwater bodies of
basin-wide signiﬁcance of the ICPRD demonstrate this.
The preparation of RBMPs has drawn attention to groundwater resources and the RBMP itself promotes the application of good
practices such as public participation and consultation in the preparation of the plan. The requirements of the WFD have advanced
science and knowledge related to assessing groundwaters, including notably their quality status.
Where joint bodies on transboundary waters exist, expansion of activities to groundwater is recommended and there is also a
greater prospect of progress in basins with joint bodies. River Basin Commissions that have coordinated preparation RBMPs have, in a
number of cases, provided a platform for coordination related to groundwater bodies. A good example is the work of the ICPDR on
developing guidance on groundwaters, including harmonization, and bringing groundwater data into data-sharing arrangements (in
this case the ICPDR Trans-National Monitoring Network). There is a need to broaden joint assessments of transboundary aquifers to
foster transboundary cooperation by understanding the demands for groundwater and related drivers as well as linking to assessing
and managing surface waters. Water demands evolve, and new developments can inﬂuence both the quantity and quality status of
groundwater resources. Moreover, new economic activities are emerging that risk impacting on groundwater, for example heat
pumps, deep waste disposal and hydraulic fracturing.
The Water Convention’s framework provides a forum for exchange of experience and for discussing policy responses between
countries and joint bodies. The Water Convention was amended in 2003 to make it open for accession by any UN Member State and
the amendment entered into force in 2013. Participation of MENA countries in the Convention’s meetings and activities has increased, and groundwater commonly constitutes the main natural water resource in that region. This is expected to promote exchange of experience between regions and could even raise the proﬁle of groundwater issues. This increased participation from other
regions of the world may also enrich the monitoring and assessment work carried out under the Convention.
While the science of assessing transboundary aquifers and groundwater bodies has advanced, practical cooperation in groundwater management and the political will (or priority) to do so is still lagging behind. Now the 2030 Development Agenda with the
inclusion of a dedicated indicator on transboundary water cooperation has the potential to motivate and concentrate eﬀorts, and,
hopefully, to mobilize international resources to support eﬀorts by the countries.
The extent of aquifers fully counting towards indicator 6.5.2 should motivate eﬀorts to improve cooperation. The operationality
criteria speciﬁed in the indicator methodology draw attention in particular to the existence of agreements, joint institutions, joint or
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coordinated plans or objectives, and regularity of communication and information exchange.
Where the monitoring and assessment guidelines developed under the Water Convention have not been used or obstacles to
implementation were identiﬁed, among the reasons were their unavailability in the local languages and a lack of resources, but also
weak or missing institutions and low levels of cooperation in places. The ISARM programme and network has contributed to sharing
knowledge about the assessment of transboundary aquifers, and may contribute further in this respect.
10. Conclusions
Although the legal basis for cooperation in managing transboundary waters in the pan-European region is well developed, most
existing agreements do not explicitly refer to groundwaters or their application to groundwaters remains limited. There is a need to
improve the legal frameworks for cooperation and strengthen institutions for the management and protection of groundwaters.
From the information analysed, a number of factors have supported the recognition of TBAs and development of formalised
cooperation on shared groundwaters. These include: identiﬁcation in the inventories, participation in the work of the Water
Convention by application of the guidelines and taking part in joint projects, and adopting the legal and institutional framework for
management. In addition, the strong inﬂuence on water management of the WFD’s river basin approach has been felt in neighbouring
countries well beyond the EU itself.
Although not essential, experience suggests that establishing joint bodies with permanent secretariats and clearly deﬁned remits
greatly facilitates transboundary groundwater management. Informal data exchange at a technical level and even joint monitoring
may be set up and maintained without such a body. However, cooperation in management with agreed and jointly implemented
measures is unlikely without formally established transboundary agreements speciﬁcally incorporating groundwater and which include provision for establishing joint bodies.
Institutional responsibilities for groundwater at national level may be unclear or dispersed between agencies. Responsibility for
deﬁning, characterising and monitoring groundwater bodies or aquifers often lies with the national geological survey, whereas the
regulatory responsibility for water management may lie elsewhere in government. Responsibility for quantity and quality may also be
dispersed between institutions. Sound institutional arrangements and the necessary collaboration between institutions at national
and local levels are a prerequisite for cross-border collaboration.
Thanks to the progress in international water law and its application to shared groundwater resources, there is now good guidance
and models, including the ILC Draft Articles, the Model Provisions on Transboundary Groundwaters, and monitoring guidelines.
Moreover, the science of characterizing groundwater bodies and aquifers has advanced. Projects have demonstrated value in promoting cooperation in managing transboundary groundwaters. Pilot projects under the Convention were a forerunner to some GEF
projects, which gained momentum from cooperation with the International Association of Hydrogeologists (IAH) and UNESCO, even
if in some cases further cooperation actually happened later, perhaps linked to other issues or developments. However, much greater
support in the form of projects, tailored advice, exchange of experience, twinning or through other means is still needed to help in
taking good practices into broader usage.
Preliminary results from the monitoring of SDG indicator 6.5.2 demonstrate that even in the spatial data about the extent of
transboundary aquifers within countries there are gaps (UNECE, 2017). Furthermore, there is a need for comparing and harmonizing
approaches across state borders. However, information on the extent of aquifer systems is not enough. There is a need for sound
conceptual hydrogeological models of TBAs and their groundwater ﬂow regimes to be able to fully understand their vulnerability to
the possible impacts of development. The regional assessments described in this paper have provided a political framework for
discussing such technical and scientiﬁc information. A gradual move from technical monitoring and assessment to legal aspects has
occurred and it is useful to assess the supportiveness and functioning of the legal and regulatory frameworks in relation to the
management challenges from a technical perspective.
Beyond the more obvious information needs, there is also a need for broadening joint assessments to better foster cooperation.
Bringing together in transboundary dialogues technical information with an understanding of the changing demands for groundwater
and related drivers as well as linking it to assessing surface waters in frameworks such as the Water Convention can add to the impact.
Within these dialogues, there remains a need to broaden stakeholder participation to strengthen understanding of the socio-economic
context within which transboundary cooperation can be encouraged, and the social, ﬁnancial and institutional factors which are
holding back such cooperation. Such approaches can provide a basis for discussing policy responses and for mobilising resources and
political support.
Implementing and monitoring progress towards the 2030 Agenda provides opportunities for political attention, and hopefully in
countries this will extend both knowledge and coverage of cooperation arrangements on transboundary water resources, both
groundwater in aquifers and surface waters. Identifying what is missing in the reporting on SDG indicator 6.5.2 by UN Member States
to UNECE and UNESCO is a step towards those opportunities.
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