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Introduction

According to the United Nations International Law Commission's (UNILC) Draft Articles on the Law of Transboundary Aquifers, a transboundary aquifer or a transboundary aquifer system (TBA) is defined as "an aquifer or aquifer system, parts of which are situated in different States" (Article 2c, [START_REF] Stephan | Transboundary aquifers: managing a vital resour ce, the UNILC Dr aft A rticles o n t he Law o f Transboundary Aquifers[END_REF]. While in principle the term 'transboundary' also refers to local jurisdictional boundaries (of e.g. a community, municipality, province, or region), or to river catchment delineation, the UNILC definition is adhered to here. While not spelled out in the short definition of a TBA, in practical identification and verification of a TBA, the spatial delimitation, hydrogeological similarity, recharge and discharge mechanisms and zones, and significant hydraulic connectivity between the national compartments of the TBA are important and should be established and agreed upon between aquifer-sharing states. The UNILC definition of TBAs does not imply that groundwater resources in border regions outside of TBAs do not exist or manifest similar properties as TBAs. However, the extent and significance of such resources are considered of limited transboundary importance or their transboundary extent have not been identified or acknowledged.

This report focuses on the internationally shared aquifers in Africa. While progress in understanding the importance and extent of these water resources and incipient management frameworks are evident from many reports, relatively little attention has been accorded these resources in the scientific literature. TBAs have been highlighted only since the beginning of the century, initially by the United Nations Educational, Scientific and Cultural Organization (UNESCO) and specifically with the launch in 2000 of the International Shared Aquifer Resources Management Project (ISARM) by UNESCO's Intergovernmental Scientific Cooperative Programme in Hydrology and Water Resources (UNESCO-IHP; [START_REF] Puri | Transboundary aquifers: a global program to assess, evaluate and develop policy[END_REF]UNESCO 2010UNESCO , 2008UNESCO , 2004)).

Prior to 2000, limited knowledge of TBAs was available, and this certainly was not commensurate with the level of knowledge and management tools and approaches bestowed internationally shared river systems. Hence, an immediate need was to identify, delineate, and map the TBAs at various scales, from local, to regional, to global. The first results of TBA mapping in Africa appeared in 2004 when ISARM published the first Africa-wide TBA map after the International Workshop on 'Managing Shared Aquifer Resources in Africa ', held in Tripoli, Libya, in June 2002(UNESCO 2004). Since then, several updated world maps of TBAs have been published, e.g. by the World-wide Hydrogeological Mapping and Assessment Programme (WHYMAP 2006) and the International Groundwater Resources Assessment Centre (IGRAC 2009(IGRAC , 2012a)). Each evolution of maps comes with an increase in the number of aquifers identified and a progressively better delineation of the TBAs. Presently, more than 450 TBAs have been identified globally (IGRAC 2012a). This is far more than the number of international river basins at 263 [START_REF] Cooley | Understanding and reducing the risks of climate change for transboundary waters[END_REF]. While recognizing the mapping exercise as an ongoing and iterative process, the various available maps lend themselves to confusion and inconsistencies (IGRAC 2012), and there is a need to coordinate and harmonise the present approaches. This is presently underway as IGRAC is currently the principal institution involved in global-level mapping of TBAs (N. Kukuric, IGRAC, personal communication, 2012). This report intends to support this process specifically for the African continent.

Focus on TBAs comes from the recognition of increasing stress on available water resources. Groundwater resources are already heavily relied on in Africa, with an estimated 75 % of the African population dependent on groundwater for basic water supply (UNECA et al. 2000). However, with population increase, climate change and need to combat growing food insecurity, demands for groundwater are set to increase in the future [START_REF] Macdonald | Quantitative maps of groundwater resources in Africa[END_REF][START_REF] Clifton | Water and climate change: impacts on groundwater resources and adaptation options[END_REF]. Transboundary groundwater resources in Africa represent and provide resources that at present are not sufficiently explored and utilised or they represent sources that are generally developed indiscriminately and commonly unilaterally [START_REF] Scheumann | Conceptualizing cooperation on Africa's transboundary groundwater resources[END_REF] with potential adverse impacts on the resources and international relations. Hence, cross-boundary knowledge development, coordination, cooperation and management is necessary to minimise conflict risk and environmental degradation and to expand shared benefits. Conflicts can occur because of groundwater-quality issues, reduced groundwater availability and/or socio-economic issues (e.g. inequity in user access across borders leading to human unrest or migration during drought). Unilateral uses, non-acceded monopole use by few users on one side of the border or adverse transboundary impact on groundwater resources or groundwater-dependent eco-systems from land-use changes is the consequence of failed TBA management. A cautionary example, while outside the region, of this is the Judean and Samarian aquifer systems shared by Israel and the Palestinian Territories. Israel uses 82 % of the abstracted groundwater due to its high agricultural and urban development, while the Palestinians claim the right to a larger share because they suffer from low water availability per capita as well as poor water quality (Eckstein and Eckstein 2003a). Similar, but less extreme examples can be found in Africa, e.g. in the case of the Pomfret-Vergelegen dolomite aquifer (or Khakhe/ Bray dolomite aquifer) between South Africa and Botswana (AFS7 in Fig. 1 and Appendix) [START_REF] Cobbing | A critical overview of transboundary aquifers shared by South Africa[END_REF][START_REF] Turton | Unpacking groundwater governance through the lens of a trialogue: a Southern African case study[END_REF], the Limpopo River alluvial aquifer between South Africa, Zimbabwe and Mozambique (AFS 9) [START_REF] Owen | Groundwater needs assessment. Limpopo Basin Commission, LIMCOM[END_REF][START_REF] Cobbing | A critical overview of transboundary aquifers shared by South Africa[END_REF], and the aquifer systems of the Lake Chad basin (AFWC14), shared by Chad, Cameroon, Niger, Nigeria, the Central African Republic, Sudan, Algeria, and Libya [START_REF] Scheumann | Cooperation on Africa's transboundary aquifers: conceptual ideas[END_REF].

As a significant proportion of Africa's water resources are contained in large international water bodies such as rivers, lakes and aquifers, the sensible management and sharing of these resources and their benefits are an issue of international importance, in terms of water security as well as for the longterm peaceful and equitable development of the continent. International river and lake basin organisations (R/LBOs) and associated international agreements on joint management of surface-water bodies have been established since the 1960s, initially in western Sub-Saharan Africa and later pan-Africa, with great financial and technical support from the international community (NEPAD et al. 2011;AMCOW and ANBO 2007). However, only recently has effort been put into defining the most appropriate institutional locus for TBA management in Africa as these underground resources generally do not coincide geographically with the extent of either lake or river basins.

Against this backdrop, this study provides an integrated review of the status and progress of TBA mapping and management in Africa, thereby filling a significant gap in the international scientific literature. Firstly, the report reviews and contributes to the efforts on creating an Africa-wide TBA map. This includes identifying additional TBAs not previously mapped, superimposing for the first time the map of TBAs on the R/LBs, proposing a harmonised nomenclature, and making an updated inventory on key TBA data. Secondly, the report discusses strategic legal and institutional frameworks applicable to TBA management and associated requirements to further progress effective TBA management in Africa. The overall objective of the report is to contribute to harmonised and integrated approaches to mapping and management of TBAs on the continent.

Current status of the TBA identification and mapping efforts in Africa

In 2004, ISARM published the first Africa-wide TBA map presenting 38 TBAs delineated by ellipses (UNESCO 2004; Table 1). Subsequently, WHYMAP was the first to present a world-wide TBA map [START_REF] Struckmeier | WHYMAP and the world map of transboundary aquifer systems at the scale of 1 : 50 000 000[END_REF]. In 2009, the inter-agency cooperation arising from ISARM (UNESCO-FAO-IAH-UNECE) with the support of IGRAC marked 40 major TBA systems in Africa [START_REF] Puri | Recharge and groundwater resources evaluation of Lokalane-Ncojane Basin (Botswana) using numerical modelling[END_REF]. Concurrently, IGRAC published a global TBA map for the 5th Water World Water forum in Istanbul, Turkey (IGRAC 2009) identifying a total of 41 African TBAs. Unfortunately, there is no harmonisation in the labelling system used for TBAs of the three maps and associated databases. In 2012, IGRAC presented an updated version of the global TBA map at the 6th Water World forum in Marseille, France (IGRAC 2012a). This map shows 71 aquifers in Africa (Table 1), and the ID numbers (consisting of a pre-fix of Year of issue: 2013

Fig. 1 Transboundary aquifers and international river/lake basins in Africa (see also Appendix) letters signifying the region/continent and a number) given to the aquifers were changed compared to the 2009 map. In the 2012 map, the ID numbers are actually given starting with 1 in the south east of the continent and finishing with 71 in the north west of the continent; whereas in 2009, the ID numbers are more random, e.g. in the SADC region, increasing from north to south-with some discontinuity when new aquifers are identified-then for the rest of the continent the ID numbers increase from north to south also with some randomness. Disparity and non-uniqueness in labelling systems as well as inconsistency in the numbering of newly identified TBAs in Africa relative to their location makes it relatively difficult to locate these aquifers and prompts the need for a more harmonised and systematic nomenclature and labelling system. The scheme proposed here divides Africa into three regions (Northern/Eastern Africa, Western/Central Africa and Southern Africa; Table 2; Fig. 1), each with its own unique ID and consecutive numbering scheme. The system facilitates the labelling of new aquifers and the localizing of existing aquifers. The subdivision acknowledges the importance and efforts of the regional economic communities (RECs) in Africa in terms of transboundary water resources management and regional integration [START_REF] Granit | Identifying business models for transboundary river basin institutions, chap 10[END_REF][START_REF] Öjendal | Towards a conceptual framework for transboundary water management, chap 14[END_REF]. Each zone has an abbreviation (AFNE, AFWC and AFS) used as a pre-fix for the TBA number. These prefixes have been inspired by IGRAC, which uses the AF prefix for the African TBAs. As a primary nomenclature, acknowledging that new numbers may break this pattern, TBA numbering is done in an east-west and south-north pattern starting with 1 in the south east part of the zone and finishing in the north west of the zone, adhering to the IGRAC-2012 version. Hence, the main difference in the new system is that TBA IDs include a regional location identifier as well as a continental signature.

The zone separation is based on existing RECs, their active involvement in transboundary water-resources management (Table 2), the riparian countries of major river basins (i.e. Niger and Nile) and similarity in climatic conditions. Equality in the number of identified TBAs in each zone is considered as well. For example, Eastern and Northern Africa form one area because of the non-negligible number of TBAs in the Nile River basin in Eastern Africa.

Likewise, Western and Central Africa are coalesced into one region, despite climatic differences, in order to maintain a similar number of TBAs in each region. Each TBA is classified into one of these three zones based on the location of the majority of its surface area within the regions sharing it. Hence, for example the Disa aquifer (AFWC13, in Fig. 1 and Appendix) fully located in the Lake Chad basin belongs to the AFWC zone, and the Mourzouk-Djado basin (AFNE13) mainly located in Libya is classified in the AFNE zone. Figure 1 shows the map of the 80 TBAs currently identified in Africa using the new nomenclature, and the Appendix presents a table of the TBAs including different names used in the literature for individual aquifers as well as some hydrogeological data and information on the aquifers (aquifer rock type, mean annual rainfall, and recharge) when available from the literature. Using the proposed nomenclature, new TBAs can easily be added in each zone with subsequent consecutive numbers. The main advantage of the proposed scheme is that it logically and systematically facilitates the location of existing TBAs as well as the specification of unique IDs to new aquifers. It is likely that such regionalisation and use of a similar ID system for TBAs are possible and beneficial for other continents as well.

In the Appendix, one main name for each aquifer is highlighted to suggest a single common accepted name for the TBAs. The objective is to reduce confusion because different aquifer names exist in the literature for the same aquifer. Some reasons for different names stem from:

-Improvement in the identification and delineation of the aquifers as being transboundary in nature, e.g. the separation of one TBA into several TBAs (e.g. AFNE18 to AFNE23) or the union of two or more aquifers into one TBA (e.g. Northern Kalahari/Karoo basin, AFS11) -Co-existence of names reflecting the transboundary aquifer and names referring to the local/national/town association of the aquifer (e.g. Nata Karoo sub-basin, AFS15) -Discrepancy in TBA names across borders due to difference in spelling of, e.g. rivers giving names to aquifers A few TBAs (mainly in the Central/Western region) only have an ID but do not have a name (marked with ? in the Appendix). This can be explained by the presently preliminary assessment of these resources. The Appendix gives approximate figures for population (UNEP 2000) and area for each TBA (determined from various database sources) in order to highlight the importance of the TBAs in Africa. Results show that the TBAs represent approximately 42 % of continental Africa's land area and 30 % of the population, which can be compared to 45 % of area [START_REF] Wolf | International river basins of the world[END_REF]) and 69 % of population (this study) for the 63 international river basins in Africa. There is a huge difference between the aquifers in terms of population living within individual TBAs, reaching approximately 63 million in the case of the Nubian Sandstone aquifer system (AFNE12) to less than a hundred inhabitants (Coastal Sedimentary basin 4, AFS16; and L'Air Cristalline aquifer, AFWC21). The same heterogeneity exists in terms of areal extent, which can be smaller than 1,500 km 2 (Jbel El Hamra aquifer, AFNE22 and Figuig aquifer, AFNE18) and larger than 2.6 mill. km 2 (Nubian Sandstone aquifer system, AFNE12). The latter is comparable to the size of the Lake Chad River basin (2.4 mill. km 2 ). TBAs are shared between two and up to eight states, the latter being the case for the Lake Chad basin (AFWC14). In addition, Table 3 gives approximate figures for the percentage of the country area lying within TBA basins.

Difficulties in TBAs identification and delineation typically arise from the common-place unilateral study of the aquifers, if any at present. A typical example is the South West Kalahari/Karoo aquifer (AFS5) shared by South Africa, Botswana and Namibia. Namibia has investigated the aquifer since 1915, while limited information about this aquifer is available from the two other riparian countries, probably because of earlier lack of interest in this resource due to water-quality degradation toward South Africa and Botswana and limited human development in these areas (Alker 2008a). Few integrated international studies on TBAs have been done and the existing studies are mostly on the North Western Sahara aquifer system (AFNE16) and the Irhazer-Iullemeden basin (AFWC15), through studies coordinated by the Sahara and Sahel Observatory (OSS; i.e. the UNEP/OSS/GEF Iullemeden Aquifer Project and the UNEP/OSS/GEF Northwest Sahara Aquifer Project), as well as the Nubian Sandstone aquifer system (AFNE12).

As part of the on-going process of TBA identification and mapping, the map proposed in this report presents, based on a thorough literature review, 80 TBAs in Africa. The nine additional TBAs included compared to the IGRAC 2012 map derive from the following observations:

-The International Network of Water-Environment Centre for the Balkans (INWEB), which mapped the TBAs in the Mediterranean states, presents fifteen TBA systems in the Northern African region (INWEB 2012), while the IGRAC database shows only nine, principally due to smaller aquifers between Algeria and Morocco indicated, rather than delineated. The six additional aquifers shared between these countries are AFNE18-AFNE23 -The identified "Rift aquifer", shared by Kenya, Tanzania and Uganda, has been deleted on the IGRAC 2012 map compared to the 2009 version. However, regardless of poor water quality (Lake Natron and Lake Magadi are not freshwater) and low groundwater potential [START_REF] Mwango | Groundwater resources in Kenya[END_REF][START_REF] Kashaigili | Assessment of groundwater availability and its current and potential use and impacts in Tanzania. Country report. Groundwater in sub-Saharan Africa: implication for food security and livelihoods[END_REF], groundwater flow seems to exist from Lake Naivasha to Lake Magadi [START_REF] Becht | Groundwater links between Kenyan rift valley lakes[END_REF] as well as a hydrogeological link between Lake Natron and Lake Magadi (Hillaire-Marcel and Casanova 1987). AFNE1 has been added to Fig. 1 to reflect this. -Abiye (2010) identified and discussed the TBAs in East Africa. He included a transboundary aquifer, here called the Mareb aquifer for lack of other published name, between Eritrea and Ethiopia, which is not present on the IGRAC 2012 map; thus, the AFNE10 has been added. -Rahube (2003) worked on the recharge and groundwater resources of Lokalane-Ncojane basin (between Botswana and Namibia). This work shows that a TBA exists in the region of the Ncojane basin. Location of this aquifer does not seem to coincide with the delineation of the SW Kalahari/Karoo basin nearby (AFS5). Hence, AFS6 (Fig. 1) has been added as an individual TBA though additional work may be needed to verify its separate unity.

The updated map in Fig. 1 depicts the delineation of TBAs according to the best available knowledge. Hence, where boundaries are well known (and in most cases agreed by coriparians), the TBAs are shown as polygons. In cases where the boundaries are not well known, the TBAs are given as circles or ellipses. Due to uncertainty in boundaries, overlap of some TBAs appears. Also, TBA polygon shape shows more details in TBA delineation in the AFS area and in Northern Africa, indicating relatively advanced delineation in these areas. The additional nine aquifers in Fig. 1 relative to IGRAC map will have to be reaffirmed and consolidated through their mapping and consultation processes.

Transboundary aquifer management: an emerging framework

The complexities and diversity in TBA physical and hydraulic configurations entail challenges for mapping that are distinct from surface-water courses. These challenges are increasingly explored in an attempt to develop typologies, indicators, and associated best-management strategies (UNESCO-IHP 2011; [START_REF] Scheumann | Cooperation on Africa's transboundary aquifers: conceptual ideas[END_REF]UNECE 2007;[START_REF] Jarvis | Transboundary aquifers: do international borders serve as positive or negative flow boundaries?[END_REF]Eckstein and Eckstein 2003b;[START_REF] Barberis | The international law of the hydrologic cycle: the development of international law of transboundary groundwater[END_REF]. Still, groundwater that transcends international borders is a critical missing link in attaining a truly integrated approach to transboundary water-resources management (TWM), which has hitherto been totally dominated by a surface-water focus, practically ignoring the intricate and almost ubiquitous interconnectedness between these systems.

Globally, experience with practical TBA management is limited [START_REF] Eckstein | Managing buried treasure across frontiers: the international Law of Transboundary Aquifers[END_REF], and Africa is no exception [START_REF] Eckstein | Managing buried treasure across frontiers: the international Law of Transboundary Aquifers[END_REF][START_REF] Scheumann | Conceptualizing cooperation on Africa's transboundary groundwater resources[END_REF]. Having said this, there is currently a strong drive from the international donor community as well as some of the African countries themselves to leverage increased efforts and to include TBA management into holistic TWM (Aureli and Eckstein 2011; [START_REF] Stephan | Transboundary aquifers: managing a vital resour ce, the UNILC Dr aft A rticles o n t he Law o f Transboundary Aquifers[END_REF]). The approach is currently mostly pre-emptive in the sense that significant conflicts over shared aquifers are not apparent or are still not fully documented in terms of extent and underlying causes [START_REF] Scheumann | Cooperation on Africa's transboundary aquifers: conceptual ideas[END_REF]. A critical prerequisite for better grasping the risk and implications of conflict is through increased understanding of the resource and the human interaction and impacts on it and associated dependent systems, which for the most part is missing, or emerging in Africa.

Groundwater in Africa has traditionally been associated with rural water supply and drought prevention through dispersed schemes and low abstraction rates (mostly Sub-Saharan Africa), or more intensive use associated with development for urban use and larger-scale irrigation (mostly Northern Africa). While this image is slowly changing, with increasing attention to and demand for groundwater development for urban and industrial use and irrigation, as well as climate change, at various scales in Sub-Saharan Africa, TBAs will no doubt in the future play a significant role in meeting increased water demands for multiple purposes. Hence, an increased focus on TBA management is fully warranted and has to transcend the traditional ways of viewing groundwater, namely as a small-scale extensive use source. TBAs, and groundwater in general in Africa, will have to serve multiple uses at various scales and levels of development and often simultaneously within the same geographic locations. Furthermore, reconciling such development with significant ecosystem dependence on groundwater at local and transboundary scale for the inherent value of these systems and for the sustained human reliance on them is a major challenge in Africa, where only recently an understanding of these groundwater-dependent ecosystems and required environmental flows and characteristics related to groundwater is emerging [START_REF] Colvin | Aquifer dependent ecosystems in key hydrogeological typesettings in South Africa[END_REF]).

On-going challenges associated with TBA management in Africa are related to:

1. Identifying, delimiting and understanding TBAs 2. Developing appropriate legal frameworks for their joint and sustainable management 3. Developing appropriate institutional setups 4. Ensuring that development and benefits from TBA are inclusive and equitable

In the following, each of these challenges is briefly discussed, along with present progress and requirements to proceed.

Identifying, delimiting and understanding TBAs

Transboundary aquifers are inherently not different from other aquifers. Their distinguishing character pertains to the fact that they cross international borders implying complexities in their optimal management. Many of these aquifers, however, to have more than local management interest, are relatively large and may have regional deep subsurface flow characteristics [START_REF] Tóth | A theoretical analysis of groundwater flow in small drainage basins[END_REF], lending themselves to the need for understanding the implications of far-reaching often slow lateral inter-basin flow processes (e.g. [START_REF] Gleeson | Regional groundwater flow in mountainous terrain: three-dimensional simulations of topographic and hydrogeologic controls[END_REF] besides any interactions with surface-water bodies.

The unit of management, equivalent to the river basin in traditional river-basin management, is critical to ascertain and map. Initial efforts by IGRAC and ISARM developed strategies for these processes, involving converging national and emerging regional and continental geological maps [START_REF] Vasak | Groundwater resources and transboundary aquifers of Southern Africa[END_REF][START_REF] Puri | Transboundary aquifers: a global program to assess, evaluate and develop policy[END_REF]. Increasingly, modern hydrogeological technologies like tracer and isotope studies [START_REF] Wang | A literature review of recharge estimation and groundwater resource assessment in Africa[END_REF], air-borne geophysics [START_REF] Siemon | Interpretation of the helicopter-borne groundwater survey data of the eastern Caprivi area. German-Namibian Groundwater Exploration Project[END_REF]) and satellite-based remote sensing [START_REF] Saradeth | Application of satellite remote sensing to support water resources management in Africa: results from the TIGER Initiative[END_REF][START_REF] Marsala | Integration of GRACE data with inferences from traditional datasets for a better understanding of the time-dependent water storage variability in large-scale aquifers: case studies from Africa[END_REF]) are used to complement more traditional hydrogeological studies, though a more transboundary focus is warranted. Joint crossboundary interpretation and harmonisation of maps along with characterisation of the border region from hydrogeophysical as well as socio-economical perspectives helps develop an overall conceptual model of the aquifer or aquifer system [START_REF] Jarvis | Transboundary groundwater: geopolitical consequences, commons sense, and the law of the hidden sea[END_REF]. The need for pursuing a multidisciplinary, consultative and dynamic process in delineating and characterising a TBA in order to address complexities, uncertainties and changes in states, processes and stress factors at TBA-system scale, as well as those that capture the social, economic and governance factors associated with human impacts on the TBAs is increasingly acknowledged (UNESCO-IHP 2011; Jarvis 2006). Emphasis on consensus and transparency regarding a preliminary delineation and a conceptual model may be more conducive for further joint assessment of a TBA, and hence reducing uncertainties, than excessive emphasis on a detailed but less open and shared assessment by one or a sub-set of stakeholders. Data on TBAs in Africa reside with national institutions, transboundary R/ LBOs, and newly developed data sharing mechanisms related to specific TBAs (see next section) as well as international organisations like IGRAC.

Developing appropriate legal frameworks for joint and sustainable management of TBAs

Legal frameworks for TWM continually evolve, reflecting a growing understanding of best practices and pertinent principles and issues [START_REF] Giordano | A review of the evolution and state of transboundary freshwater treaties[END_REF][START_REF] Conca | Global regime formation or complex institution building? The principled content of international river agreements[END_REF]). The topic of groundwater illustrates this very well. Prior to 1950, practically no attention was paid to groundwater in TWM agreements [START_REF] Giordano | A review of the evolution and state of transboundary freshwater treaties[END_REF]. Increasingly, groundwater attains significance in treaties, with explicit mentioning and dedicated agreements with specific groundwater provisions [START_REF] Eckstein | Managing buried treasure across frontiers: the international Law of Transboundary Aquifers[END_REF][START_REF] Burchi | Groundwater in international law: compilation of treaties and other legal instruments[END_REF]. However, despite significant efforts to harmonise the UN Convention on the Law of the Non-Navigational Uses of International Watercourses (UNWCC; United Nations 1997) and the UNILC Draft Articles on TBAs (the UNILC Draft Articles take the UNWCC as a starting point in an effort to harmonise international rules on water resources and the UNWCC was based on articles drafted by the UNILC), there is still a significant stride to be achieved in obtaining a fully integrated and holistic approach to the various water systems in international law. This is due to the early exclusive focus on the visible water resources (international rivers and later also lakes), lack of understanding of groundwater functioning among legislators, legal scholars and policy makers (Eckstein and Eckstein 2003b), and the tardiness of adjusting existing international law despite growing recognition of the needs to do so [START_REF] Cooley | Understanding and reducing the risks of climate change for transboundary waters[END_REF].

Notwithstanding the fact that the United Nations Economic Commission for Europe's Convention on the Protection and Use of Transboundary Watercourses and International Lakes (The UNECE Water Convention; UNECE 1992) is soon to be open for universal accession (GWP 2013), there are presently basically two options to adopt groundwater into international agreements based on international law, albeit neither is currently in force: either by adopting the 1997 UNWCC (presently ratified by 10 parties to the Convention out of 35 required for it to enter into force; International Water Law Project 2013), which defines groundwater as a physical extension of the surface-water body within the watercourse spatial domain, or by using the 19 Draft Articles on the Law of Transboundary Aquifers (still not adopted by the UN General Assembly, UNGA). The discrepancies and insufficiencies in terms of addressing groundwater universally with the UNWCC relates to the fact that an aquifer does not comply with the notion of 'normally flowing into a common terminus' as the river system does, and its boundaries do not necessarily conform with the river basin. In addition, some aquifers may not be associated with a traditional water course as, e.g. fossil or 'confined' groundwater (Eckstein and Eckstein 2003b). Confined groundwater here refers to water contained in aquifers that does not relate to surface water (McCaffrey 2011: Eckstein andEckstein 2003b;UNGA 2003), which potentially causes confusion on applicability as it is inconsistent with conventional hydrogeology terminology. To partly compensate for these legal deficiencies, the UN International Law Commission (UNILC) has developed-in consultation and collaboration with technical and hydrogeological partners, like UNESCO, IAH, FAO, UNECE (UNGA 2003)-and proposed for adoption to the UNGA a set of 19 Draft Articles on the Law of Transboundary Aquifers [START_REF] Stephan | Transboundary aquifers: managing a vital resour ce, the UNILC Dr aft A rticles o n t he Law o f Transboundary Aquifers[END_REF]United Nations 2008). These draft articles, the final form of which (convention or guidance document) is still pending a decision by the UNGA at its 68th session in 2013 [START_REF] Eckstein | Managing buried treasure across frontiers: the international Law of Transboundary Aquifers[END_REF] in order to potentially have legally binding character, focus on the transboundary aquifers and hence fill a significant gap in international water law. They are quite comprehensive and include direct mentioning of aquifer relationships with surface-water courses and ecosystems and, hence, are presently the most comprehensive, albeit debated [START_REF] Dellapenna | The customary law applicable to internationally shared groundwater[END_REF][START_REF] Mccaffrey | The International Law Commission's flawed Draft Articles on the Law of Transboundary Aquifers: the way forward[END_REF], set of international legislation available for TBAs. In the interim, the UNGA promotes bilateral or regional agreements between countries sharing aquifer systems (UNGA 2012). The Guarani aquifer in South America is the first legal agreement based on the Draft Articles [START_REF] Villar | The agreement on the Guarani Aquifer: a new paradigm for transboundary groundwater management?[END_REF].

In Africa, legal agreements on groundwater are evolving, like in most parts of the world (Aureli and Eckstein 2011; [START_REF] Stephan | Transboundary aquifers: managing a vital resour ce, the UNILC Dr aft A rticles o n t he Law o f Transboundary Aquifers[END_REF]. Examples exist in the multilateral agreements to explicitly share data, jointly perform diagnostic analysis on TBAs, and to develop joint consultation mechanisms as a precursor for more formalised joint-management frameworks and institutions. Cases in point are the Nubian Sandstone Aquifer system (AFNE12) (agreement from 2000), North Western Sahara Aquifer system (AFNE16) (agreement from 2002) (GEF 2012;[START_REF] Eckstein | Managing buried treasure across frontiers: the international Law of Transboundary Aquifers[END_REF][START_REF] Stephan | Transboundary aquifers: managing a vital resour ce, the UNILC Dr aft A rticles o n t he Law o f Transboundary Aquifers[END_REF][START_REF] Burchi | Groundwater in international law: compilation of treaties and other legal instruments[END_REF], and Irhazer-Iullemeden (AFWC15) (agreement from 2009) [START_REF] Eckstein | Managing buried treasure across frontiers: the international Law of Transboundary Aquifers[END_REF], while Orange-Senqu River basin, and Lake Victoria basin have a high degree of focus on groundwater in their shared R/LBs [START_REF] Braune | Transboundary aquifer utilization and management in Southern Africa: water-a shared responsibility, ISARM-SADC, Position paper for the UNESCO Cluster Office[END_REF]. The first three pertain explicitly to the aquifers, while the latter two hinge on existing river/lake basin organisations (R/LBOs) and their formalised agreements. Collaboration and present initiatives, not surprisingly, tend to reflect the importance and value of groundwater in more arid water-deficient areas with few or limited surface-water resources. They also reflect priorities of international donors and institutions, presently putting TWM high on the development agenda (GWP 2013;GEF 2012;UN-WATER 2008) and growing national awareness in critical areas or basins. Creating or revising legal frameworks for international cooperation on specific shared water courses is a tedious process, especially if the water-resource issues are contentious (e.g. the Nile River case, Cascão 2010). While initial efforts to bring partners together around improving the knowledge base may be relatively easy and facilitate trust building for potentially developing further agreements [START_REF] Linton | Governance of transboundary aquifers: new challenges and new opportunities[END_REF]Aureli and Eckstein 2011;[START_REF] Scheumann | Conceptualizing cooperation on Africa's transboundary groundwater resources[END_REF], there is also a risk of losing momentum as the legal and political processes stall as seems to be the case for the Iullemeden aquifer system (International Water Law Project 2012), indicating the need for sustained support from international donors. It also points to the need of addressing critical TBAs at a point when mutual interest is expressed but while significant disputes have not evolved.

RECs, as part of their strategy for regional integration and development, and poverty alleviation, promote international natural resource, and specifically water, management as a means to foster sustainable development (Öjendal et al. 2010). SADC is taking a frontrunner position in this respect, with a dedicated Regional Strategic Action Plan (RSAP) for integrated water-resources management (SADC 2011), explicitly addressing TBA management, through transboundary diagnostic analysis and strategic action plans, as part of an ongoing groundwater-management programme in the region. This programme is overseen by a sub-committee on hydrogeology, which has also developed a guideline for groundwater development in the region (SADC-WSCU 2001). Furthermore, SADC has adopted the Protocol on Shared Watercourses in 1995 (with a revision in 2000; SADC 1995), which hinges on the UNWCC mentioned earlier [START_REF] Braune | Transboundary aquifer utilization and management in Southern Africa: water-a shared responsibility, ISARM-SADC, Position paper for the UNESCO Cluster Office[END_REF]. The Protocol seeks 'to promote and facilitate the establishment of shared watercourse agreements and shared watercourse institutions for the management of shared watercourses' (SADC 2000). SADC is presently contemplating how to adopt the Draft Articles on the Law of TBAs [START_REF] Braune | Transboundary aquifer utilization and management in Southern Africa: water-a shared responsibility, ISARM-SADC, Position paper for the UNESCO Cluster Office[END_REF]UNESCO-IHP 2009). Furthermore, work is in progress in SADC to identify 'troublesome' TBAs in order to accord prioritised support [START_REF] Davies | Identifying transboundary aquifers in need of international resource management in the Southern African Development Community region[END_REF]) and on piloting harmonised and up-and out-scalable solutions to TBA management (SADC 2011; [START_REF] Christelis | Towards transboundary aquifer management in Southern Africa[END_REF]. Several TBA-relevant outputs of the SADC groundwater management programme have come out, including a region-wide seamless map of groundwater drought risk (Villholth et al. 2013).

Developing appropriate institutional setups

Establishing efficient and effective organisations for the management of TBAs is essential, and important lessons may be learned from experiences of R/LBOs in addressing TWM [START_REF] Schmeier | Effective governance of transboundary aquifers through institutions: lessons learned from river basin organizations[END_REF]. In fact, the African Ministers' Council on Water (AMCOW) recommended in 2007 the R/ LBOs as the nucleus for TBA management in Africa [START_REF] Braune | Transboundary aquifer utilization and management in Southern Africa: water-a shared responsibility, ISARM-SADC, Position paper for the UNESCO Cluster Office[END_REF]. The immediate argument for this is their present integral role as custodians for shared river and lake-basin resources and the added advantage and options for further integration of the management of all hydrological resources in the same entity. Counterarguments include firstly that R/LBAs are not equipped, in terms of human capacity, financing, and authority, at present to take the responsibility of TBA management [START_REF] Villholth | Needs assessment to support groundwater management in international basin organisations of Africa[END_REF][START_REF] Linton | Governance of transboundary aquifers: new challenges and new opportunities[END_REF]NEPAD et al. 2011) and secondly that the geographical sphere of TBAs do not align with the spatial mandate of the R/LBOs (Schmeier 2010; Fig. 2). For some TBAs, international R/LBOs do not exist at all (18 cases according to Fig. 2, considering information on R/LBOs from AMCOW and ANBO 2007); hence, necessitating alternative management models. This can be because no R/LBO has yet been formalised for the area in question or because the TBA is located in an arid region with little perennial surface-water bodies, as in the case of some TBAs in Northern and Southern Africa. Figure 2, in conjunction with the listing of geographical types in the Appendix for the TBAs, may support first-hand geographical identification of possible international institutional management setups for individual TBAs; hence, creating a link between the mapping and the management framework put forward. However, it should be recognised that uncertainty prevails regarding the exact geographical boundaries of some TBAs.

Alternative solutions argue for the option of more localised management models suited to the particular scope and critical areas of the TBA and for the possibility to build particularly strong capacity on groundwater management in these areas [START_REF] Scheumann | Conceptualizing cooperation on Africa's transboundary groundwater resources[END_REF]United Nations 2008). Yet, others argue for a strong involvement of the national authorities as the sovereignty aspect becomes critical in the management of cross-boundary water resources (Öjendal et al. 2010). Particularly for aquifers, this relates to extended issues of governance, with respect to, e.g. land use and geological, mineral, energy and sub-surface storage resources [START_REF] Jarvis | Unitization: a lesson in collective action from the oil industry for aquifer governance[END_REF]. It becomes clear that an aquifer is more than the groundwater resource contained within it. So far, however, there persists ambiguity as to what the actual object of management is, whether the groundwater resource per se, or the broader resource along with its container, i.e. the geological formation. This is due to the use of the words 'groundwater' and 'aquifer' as synonyms in international law [START_REF] Sanchez | Legal definitions of 'groundwater' and 'aquifer[END_REF]. While beyond the scope of this report, the term used and the interpretation may, however, have farreaching future implications [START_REF] Jarvis | Unitization: a lesson in collective action from the oil industry for aquifer governance[END_REF].

Whichever institutional setup is chosen for particular TBAs will depend on the trade-off between these advantages and disadvantages and the geographic, hydrogeological, socio-economic, and political context. R/LBOs and RECs Fig. 2 Conceptual configuration of TBA location in relation to international river and lake basins (R/LBs); polygons represent river/lake basins, squares represent TBAs will undoubtedly play an increasing role in TBA management in Africa as part of a harmonised and integrated approach, and the process of equipping these institutions for this mandate will have to be aligned with general efforts to build the capacity of these institutions. However, some hybrid multilevel solutions will most probably emerge, as national institutions with established capacity in hydrogeology will need to be drafted upon, e.g. as part of R/LBO subcommittees on hydrogeology (Orange-Senqu is an example, Braune and Xu 2011) to move informed management ahead, as well as to pledge national interests. Furthermore, increased cooperation between R/LBOs will be required to address those TBAs that transcend more than one river basin (types 3, 5, and 6 in Fig. 2). Finally, formalising management of TBAs at the international level may compromise more informal local level and traditional management approaches to groundwater that still have merit [START_REF] Linton | Governance of transboundary aquifers: new challenges and new opportunities[END_REF]. This is an area of research that needs further attention.

Ensuring inclusive and equitable development and benefits from TBAs

In Africa in particular, poverty alleviation, food and water security, and climate resilience rank high on the national development agendas. Hence, ensuring the equitable and shared benefits of the water resources, and in this case TBAs, is essential in a long-term perspective as development and management frameworks emerge and mature [START_REF] Puri | Transboundary aquifers: a global program to assess, evaluate and develop policy[END_REF]. As often brought forward, groundwater holds many promises of democratic development and management as well as climate-proofed solutions due to its dispersed availability and large and protected storage characteristics. Hence, taking advantage of these properties, while protecting the resource and devolving the benefits to all spheres of society, is a key challenge. There may be a risk of focus on centralised and large-scale development benefitting certain sectors and sections of society if TBA development and management are conceived principally in an international context [START_REF] Zeitoun | Addressing power asymmetry: how transboundary water management may serve to reduce poverty[END_REF]. International development organisation may also inadvertently favour stronger parties, thereby entrenching existing power structures (Öjendal et al. 2010).

The nexus between TBAs and poverty alleviation has been recognised [START_REF] Puri | Transboundary aquifers: a global program to assess, evaluate and develop policy[END_REF][START_REF] Braune | Transboundary aquifer utilization and management in Southern Africa: water-a shared responsibility, ISARM-SADC, Position paper for the UNESCO Cluster Office[END_REF], but requires significant further exploration. Some pointers can be derived from [START_REF] Zeitoun | Addressing power asymmetry: how transboundary water management may serve to reduce poverty[END_REF], who firstly hold that equitability in TWM (intraand internationally) is key to effective cooperation and poverty alleviation and secondly point to strategies and policies to counteract capture of benefits by hegemons (i.e. the stronger riparian states) and stronger stakeholders. These strategies and policies ensure, possibly by thirdparty intervention, capacity building among the least developed aquifer states (in order to level the 'players' or 'playing field') and, hence, to reduce asymmetry between countries, which is seen as a major compounding factor to slow progress on TWM and TBA management in Africa [START_REF] Braune | Transboundary aquifer utilization and management in Southern Africa: water-a shared responsibility, ISARM-SADC, Position paper for the UNESCO Cluster Office[END_REF]. It also involves ensuring bottom-up approaches to identifying development demand, to ensure priority no-regret small-scale development (water supply, irrigation, drought proofing, etc.) in early phases of joint development and management, and to demonstrate visible impacts on the ground, as well as to prioritise stakeholder involvement in local management and protection of the resource (NEPAD et al. 2011;Alker 2008b). Furthermore, as groundwater lends itself to decentralised development, policies to enhance its management may support and facilitate decentralised development solutions, supporting rural development and offsetting prevailing urbanisation trends, which tend to overwhelm many African countries at present.

Conclusion

The report has evidenced significant advances in Africa with respect to mapping, legal frameworks, institutional development, and multilateral agreements pertaining to TBAs, reflecting the growing importance of these resources for development in the continent. Notwithstanding, TBA management is only recently addressed as part of TWM and it is critical to implement frameworks that can pre-empt disputes over shared groundwater or associated dependent eco-systems and human development. While a harmonised approach is advocated, it is also acknowledged that flexible and hybrid institutional models that build on the present customary approach of making the R/LBOs responsible may be necessary. This is already evident and clearly required in Northern Africa where surface-water resources are secondary to groundwater.

Identification and mapping of TBAs is an ongoing and iterative process and the report suggests a regionalised approach to the mapping, which should facilitate the mapping of new aquifers and their inclusion into management efforts and strategies of relevant RECs. Furthermore, mapping TBAs conspicuously superimposed on R/LBs, and classifying TBAs according to intersection with these, facilitate early identification of geographically based best options for integrated management of surface and groundwater resources.

There is a need to address asymmetries in capacity, making the development and management of TBAs equitable across and within countries and making it pro-poor in a strategic and prioritised fashion. Pilot efforts need to strike a balance between bottom-up approaches and top-down efforts.

Conclusion of bilateral and regional agreements on TBAs and further development of international law on TBAs seem to concur in a parallel process, mutually reinforcing each other. While a truly integrated and comprehensive international legal framework for the holistic system of hydrological resources is the ideal and potential of the future, significant recent advances in covering transboundary groundwater in international law opens the opportunity to attain such instruments. For this, continued concerted inter-disciplinary collaboration between hydrogeologists and lawmakers is required. [START_REF] Puri | Recharge and groundwater resources evaluation of Lokalane-Ncojane Basin (Botswana) using numerical modelling[END_REF][START_REF] Vasak | Inventory of transboundary aquifer and information flow, ISARM-SADC[END_REF]; [START_REF] Vasak | Groundwater resources and transboundary aquifers of Southern Africa[END_REF]; UNEP (2010); UNESCO (2010) 
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Table 1

 1 Evolution of the number of TBAs in Africa, inventoried and mapped by various efforts and subdivided into regions

	African region a	UNESCO	WHYMAP	IGRAC	IGRAC	This report
		2004	2006	2009	2012a	2012
	North Africa Western and Central Africa (except countries in SADC b )	6 9	6 9	7 9	9 22	15 22
	Eastern Africa (except countries in SADC)	5	5	5	6	8
	Southern Africa (SADC countries)	18	20	20	34	35
	Total	38	40	41	71	80

a According to United Nations sub-region definition (UN data 2013) b SADC Southern African Development Community

Table 1

 1 shows the evolution in the number of TBAs inventoried by ISARM, WHYMAP and IGRAC during the last decade. A significant increase in numbers is noticed in Southern Africa and Western/Central Africa, due primarily to activities of ISARM in both areas. As has been done in Southern Africa in collaboration with SADC, the work of ISARM is presently planned to improve the identification and delineation of the TBAs in Central/Western (First ISARM Central Africa and Second ISARM West Africa Workshop in Douala, Cameroon; 16-19 May 2011), and East Africa-the Sahara and Sahel Observatory (OSS) currently implements the "Mapping, Assessment and Management of Transboundary Water Resources in the IGAD sub-region (MAM/IGAD)" project (IGRAC 2012a).

Table 3

 3 Approximate percentage of country area located within TBAs in Africa

	Country	Percentage (%) of	Country	Percentage (%) of	Country	Percentage (%) of
		country area within		country area within		country area within
		TBAs		TBAs		TBAs
	Algeria	41	Gabon	16	Rwanda	24
	Angola	24	Gambia	100	Senegal	84
	Benin	30	Ghana	5	Sierra Leone	0
	Botswana	23	Guinea	40	Somalia	5
	Burkina Faso	55	Guinea Bissau	41	South Africa	12
	Burundi	86	Kenya	9	South Sudan	81
	Cameroon	36	Lesotho	100	Sudan	32
	CAR	43	Liberia	11	Swaziland	12
	Chad	73	Libya	72	Tanzania	13
	DRC	65	Malawi	29	Togo	10
	Republic of Congo	34	Mali	47	Tunisia	47
	Cote d'Ivoire	15	Mauritania	42	Uganda	9
	Djibouti	28	Morocco	15	Zambia	8
	Egypt	89	Mozambique	5	Zimbabwe	11
	Equatorial Guinea	0	Namibia	28	Western Sahara	12
	Eritrea	13	Niger	51		
	Ethiopia	10	Nigeria	33		
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	Chergui) Mediterranean Coast
	(Moulouya)
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		(continued)												
	AFNE21	NA	41	71	5	Angad (Angad-	Algeria	Mediterranean Coast	1	25,600	3,500	Porous, Plio-	350-450	Very low to medium
						Maghnia) (part of	Morocco	(Moulouya)				Quaternary		
						Atlas Mountains		North Interior						
						Transboundary		(Chott Chergui)						
						aquifers)								
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		(continued)											
	AFS21	427	7	20	NA	Coastal Sedimentary Mozambique East Central Coast	2	794,000	23,000	Quaternary and	930-1,200	High	Wellfield and
						Basin 3	Tanzania	(Lukuledi, Ruvuma,				consolidated		BGS 2011
						(encompasses		Montepuez/				sedimentary rocks	
						Rovunma Coastal		Megaruma)					
						aquifer or Ruvuma							
						basin)							
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	WHYMAP IGRAC	INWEB	Main name (other names	Countries sharing	Major river basin (sub-river basin)	Geographical Popul ation a Area type (Fig. 2) (km 2 ) b	Aquifer type	Average rainfall	Annual recharge (WHYMAP) d	Sources other than IGRAC
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					Main name	Countries	Major river basin	Geographical Population a Area	Aquifer type	Average	Annual recharge	Sources other
		WHYMAP IGRAC	INWEB	(other names	sharing	(sub-river basin)	type (Fig. 2)		(km 2 ) b		rainfall	(WHYMAP) d	than IGRAC
		2006			found)							(mm/a) c		or INWEB
			2009											or UNESCO e
							Momboya, Salomga,						
							Lomela, Tshuapa)						
							Central West Coast (Niari)						
	AFS31	425	3	NA	Coastal Sedimentary Kenya	East Central Coast	2	2,150,000	16,800	Quaternary and	850-1,250	Medium to high
					Basin 1 (Umba	Tanzania	(Galana, Tana,				consolidated		
					Coastal)		Kenyan South				sedimentary		
							Coast, Umba)				rocks		
	AFS32	424	2	NA	Kilimanjero aquifer	Kenya	East Central Coast	3	1,396,000	14,600	Volcanic alluvium	600-1,600	Very low to medi
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	Sassandra)
	igh
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	basin	Bissau	Adrar Sotuf)	several aquiferous
		Mauritania	Senegal River	system from
		Senegal	(Senegal,	Cretaceous
			Katchi, Ferlo)	Superior to the
			West Coast	Quaternary)
			(Saloum, Gambia,	
			Casamance, Corubal)	
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