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Abstract

W¢ NI Yy &6 2 dzy R kh&lBrm bivenzd BoSye&yroundwater thatis stored in

a geologicalformation that crossan international or state borderTransboundary
aquifersthus have the potential to transmit significant volumes of groundsvditom

one country to another. Transboundary water is a valuable natural resource which
accounts for up to 40% of available drinking water and is essential in both agriculture
and industry. Transboundary aquifers are, however, poorly understood sciahyific
and are underrepresented in international law and poli€iis thesis addresses the
need for countries to examine their transboundary aquifers at a national scale and
prioritise them for national and local scale sustainable managemére.@se stugy

of Malawi and its neighbouring countries of Mozambique, Zambia and Tanzasia

been employed to do this.

First, the current understanding efansboundary aquifergs examined highlighting

the recentdrive for transboundary aquifer managemetttat hasbeen growing since
2000. A criticalassesment ofthe currentstatusof the regional approach taken in
assessing and identifying transboundaayguifers using a Malawi case studsg
presented The popularapproachrisksonly focusing on largextensive aquifers and
missing out smaller, more national and local scale aquifers that may be of importance
at a smaller scaleA caseis therefore male for systematic transboundary aquifer
assessment along its national border length addreskoth regional ananinor local

aquifer systers.

Followingon,ay’ G A2yl f 02NRSNJ o6lFaSR FaaSaayvySyil
units is conductedhighlighting how best this approach can be done within a
developing country context A methodology for identifying hotspots within
transboundary aquifergshat may be vulnerable to the groundwater quality and
guantity issuess then presentedThis method is applied to the Malawi case study
allowing for prioritization of transboundary aquifers for directed local level
management based on vulnerability hotd¢panapping. Finally, isotopic and

geochemical techniqueare utilisedto examine one of these identified hotspots



more closelyAconceptual model of the selected hotspetdevelopedo understand
the transboundary implications of the area in greater detaid assist in local scale

transboundary management.

Throughout the thesis, the themes afiulti-scale management of transboundary
aquifers within asustainable developmentontext are also discusseth order to
achieve Sustainable Development Goal @dain particular, target 6.5.2,
transboundary aquifers need to be understood and managed more effectively.
National scale transboundary aquifer assessments, resource prioritization and multi

scale management can assist with this challenge.
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1 Introduction

1.1 Overview

Groundwater isone ofthe most important natural resourceon Earth. Stored in
porous rocks and cracks underground called aquifers, groundwater accounts for 98%
of the total water resources available us When an aquifer crosses an international
2N LIR2EAGAOFE 02NRSNE A G (UN avatd?, 3084y Bhese 12 0 S
transboundary aquifers thus hatke potential for groundwater exchange between
neighbouring counies (Wada and Heinrich, 2013). The importandeasfsboundary
water resources has been understood sincerhep T UK, d97&itWolf etal., 1999)

and recently has been brought to tlieternational agendalue to its inclusion within

the United NationfUN)Sustainable Development God8DG¥s(UN, 2017)Goal 6

of the SDGgalls for water and sanitation for all, and, target G %particular requires

full integrated water resource management (IWRM) of surface and groundwater at

all levelsjncluding thraugh transboundary cooperation wheeppropriate

In 2011 the Scottish Government awarded a significant research grant to the
University of Strathclyde through the Climate Justice Fund. The project, titled

G/ EAYFGS WdzaGAOS CdzyRY 2 GSNJ CdzlidZNB & t NP
Government of Malawi to assist the country in achieving Sustainable Development

Goal 6. The prom had 4 work streams asset management, policy exchange and
support, capacity building, and research and knowledge exchange. As part of the
research and knowledge stream, transboundary groundwater resource management

was selected as a key focus with thiejective of understanding and managing the
countries transboundary aquifers better. Subsequently, this ,Phidled
dTransboundary Aquifer Assessments at the National Scale: Towards Achieving
Sustainable Development Goal$.5 g & RS @St 2 LISk cdoperatdvg y a dzf U
with representatives from the Ministry of Agriculture, Irrigation and Water
DevelopmentMoAIWD)in the Government oMalawi to fulfilthe aforementioned

work stream objective.
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This research is focused on the identification and subsequeamagement of these
transboundaryaquifers There is a severe lack of transboundary aquifer identification
and assessments at the national and local level due to transboundary aquifer
assessments having almost exclusively focused on the regmvrellover the last
decade (European Commission, 2015; P& Aureli, 2005; Zektser, 2010As a
consequence, the detail required to understand and manage these transboundary
aquifers at a more national and local scale is lacking. The importance of more local
and birational transboundary assessments and management has been highlighted in
the research otckstein (2011) and Eckst€012). Research over the past decade
has started to move towards increasing assessment and understanding of TBAs in
more detail at the ndonal scale, with key examplé®m Sanchez et al, 2016; Rivea,
2015; Petre et al., 2016 and Petre et al., 20dbwever, to date, no studies have
looked to understand the transboundary aquifers at a national scale in Africa, where
progress is hampered Himited data, weak national water policy, a drive towards
river basin focused management and where capacity is often lacksmgtht
Carrington and Chilton 1983; Kalin et al., 20li€entifying and describing all
transboundary aquifers that cross the imt&ational border of a single country can
allow for prioritizeddata collectiorand directed cooperative management, assisting

in the achievement of SDG 6.5.2.

2 A0KAY GKA&a (GKSarAaxr GKS Wyl aAazyltQ aolf S
neighbours¢ KS Wi 201 £ Q & Ol £ SNBNETF SHNRG KIA/ ZaY It fgSIN
ao0ltsS FraaSaayvySyid 2F I WiGNIyaozdzyRI NBEQ | |j
2T F aAay3atsS O2dzyiNBQad SyYyuGANB (NI yao?2dzyFR
transboundary aqudéers with all bordering countries in the case of multiple

neighbours.

This thesis wasleveloped in response to the need for better science to support
transboundary aquifer management at the national and local sdalerder to have

good transboundary management and cooperation, you first need a solid and sound

dzy RSNEGIF YRAY3 2F &l AR UGNIYyaozdzy Rl NBE | |j dzA -
YFEYlF3S gKIFIG @2dz R2y Qi YSI &adz2NB o
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1.2 Research Aims and Objectives

1.2.1Research Aim

Theaim of this research i®: investigate the role that national scale transboundary
aquifer assessments can play swuistainable water resources managemeamd
establishways in which national scale transboundary aquifer assessments can be
conducted advocatingfor multi-scale transboundary aquifer managemerito
address thigsesearch aim4 individual research questions were developed each with

multiple specific objectives attributed to them.

Malawi was selected asaasestudy to address the overall research aems part of

the conditions of the scholarship funding from the Scottish Government Water
Futures Programme for this PhD. Further interest in Malawi as a research area was
twofold. First, the country is known to have issues with water availability andnsec
altlFgAQa 3IS23IANI LIKAOFE LRaAadAzy a F flyR

many transboundary neighbours.

1.2.2ResearctQuestiongRQ)and Specifi©bjectivegSO)

4 Research Questions aidd relatedSpecific Objectives were developed to address

the research aim and talffidentified knowledge gaps.

RQ1. How have transboundary aquifer assessments up until now allowed for

transboundary aquifer management at the national scale?

SO1With the aid of a case study, critically reviessessments that focus on
more obvious major aquifer systemsyRloing s¢ identify gaps in current
transboundary aquifer knowledge required for a national management

strategy.
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SO2Make a case for systematic transboundary aquifesessment along its
national border length addressingninor, local aquifer systems and

groundwater/surface water interactions.

SO3. With the aid of a case study, discuss importance and challenges of IWRM

in TBA management and assessments

RQ. Are there more transboundary aquifers than previously thougiatawi?

SQd / 2y RdzOG | ylFrOGA2y It 062NRSNIoO6lFasSR | a

aquifer units.

SG. Describe the identified transboundary aquifer units shared between
Malawi and its neighbours alongside data gaps that will require addressing to

moveforward.
S@. Highlight current limitations in transboundary aquifer assessment and
management that may need to be addressed in order to achieve the

Sustainable Development Goal agenda, specifically target 6.5.

R@B. Do all transboundary aquifers neige detailed assessments, management and

agreements governing them?

S{. Present a methodology for identifying hotspots within transboundary

aquifersthat may be vulnerable tgroundwater quality and quantity issues.

S@. Prioriisea I £ 4 A Q& (G NJ y &6 2 dzy R InatBnal laddzA F S NE

local level management based on vulnerability hotspot mapping

S@. Discuss the importance of muficale management approaches to

transboundary aquifers highlighting ways in which institutional organizations
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and transboundary agreements and arrangements can assist in its

implementation

RQ. What role can geochemicand isotopic analysis play in assessing the

transboundary nature of an aquifer?

SAO0. Conduct amsotopic and geochemical assessment on a selected hotspot

SA1l. Develop a conceptual model of the selected hotspot to understand the

transboundaryimplications of the area in greater detalil

1.3 Thesis Structure

The thesis is composed 8fchapters;an introduction,a short literature review, a
methodology 4 mainresearch components and a conclusamd recommendatios
chapter. The4 main researchchaptersare each represented by an individyzder
reviewed paper publication (chapters #). These papers ar cumulative and
sequential, but they are alsostand-alone publications3 of the papers have been
published innternational peefreviewed journalsand 1 other is submitted and under
review. Sections fom an additional published paper are included in chapters 2 and
8. Figure 1.1 outlines the structure of the thesis, highlighting the research questions

and specific objectives addressiedeach chapter.

- An introduction chapter (chapter 1) is given and the beginning of the thesis
providing a general introduction to théopic, the main research aimg
research questions andlEkpecific research objectivekat will be answered

throughoutthe thesis.The novelty of the thesis is also presented.

- A short literature review (chapter 2) is presented tget the scene of the
thesis, reviewing the current standards and practices within transboundary
aquifer assessments and management and indicakey knowledge gaps
that will be addressedthroughout the thesis. Additional literature isalso

reviewed within eacimain chapterchapter 47).
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A methodology chapter(chapter 3 then provides detailon the research

philosgphy adopted, researcimaterials andhe methodsused

Chapter 4of the thesis is thdirst mainresearchchapter andaims to address
RQ1 through SO10&2 and SO3. Available data and literature was gathered
and critically assessed using an integrative apprdadtentify curent gaps

in transboundary aquifer assessments withial&ivi and the wider Southern
African Development Community (SAR8ynder, 201P This chapter makes

a case for national border based transboundary aquifer assessments. It also
presents a series afonceptual models of TBA interactions relevant to the
Malawi case study. A discussion then considere TBA assessments might

be integrated to national implementation, strategic policy development and
agreements with neighbouring countriglsey researchaps are offered and

justification for further research that this thesis addresses is presented.

Chapter5 presents a methodology for conducting a national bordased
transboundaryaquifer assessment and applies the method to the Malawi
case study. In doing so, it answers Rf@rough SO8, SG and S®. The
common hydrogeological principle that aquiferseadefined by ithology
changes was adopted tinterpret which aquifer units within Malawi cssed

its international bordersTransboundary aquifers were then delineated using
known hydrogeological water baringnits as a basis. Available literature and
data was then gathered on hydrogeological characteristics of each
transboundary aquifer type and presented in a discussion forfiatlly, the
chapter hghlights current limitations in transboundary aquifer assessment
and management that may need to be adsglsed in order to achieve the

Sustainable Development Goal agenda, specifically tang6t5.
Chapter6 utilisesthe concept of fuzzy logic to develop a site selection method

in order to identifytransboundary aquifer hotspots Malawi. Data from two

open source shapefiles (Persits, 2002; Upéatral., 2018; MASDAP, 2019)
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were used in conjunction with water point survey data from the free data
YIFEYlF3SYSyd |yR @AadztAalidarazy (G22f wWy?
Microsoft Excelas used to clean the data and QGIS (version 3.4) was used

to spatially present results. Results were then interpreted to provide an
indication of which hotspots may need more attention and assessments
undertaken over them alongside a discussion of witaies of management

may be appropriate for each case. This chapter answe&tRQugh S,

S and SO.

Chapter7 answers R@through SOQ and SO1. This chapter presents the
results of a fieldwork campaign in Malawi and Mozambique dmosspot
identified in chapter6. Isotope and geochemical analysis was undertaken on

36 groundwater and surface water samples using Excel, Geochemist
Workbench Student Edition 14.0, SPSS and QGIS (version 3.4). Results
included piper diagrams, scatter diagrams asphtial maps. A conceydal

model of the field area wagreated to aid interpretation of how the
transboundary system in the area works. Recommendations for future studies
and management are also given highlighting potential transboundary risks to

the sysem.

Chapter 8 closes the thesis by providing a summary of key findirgs,
integrated discussion of key themesecommendations for future practice

and recommendations for further research.

References and appendices are provided at the end of the thesis.
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Specific Objectives

*SO1.

*S02.

*5S03.

Chapter 4
(Paper 1)

With the aid of a case study, critically review assessments that focus on more obvious major aquifer systems by doing so Identify
gaps in current transboundary aquifer knowledge required for a national management strategy.

Make a case for systematic TBA assessment alongits national border length addressing minor, local aquifer systems and
groundwater/surface water interactions.

With the aid of a case study, discuss importance and challenges of IWRM in TBA management and assessments

./

*S04.
*505.

*S06.

Chapter 5
(Paper 2)

Conduct a national border based assessment of Malawi’s transboundary aquifer units.
Describe the identified transboundary aquifer units shared between Malawi and its neighbours alongside datagaps that will require
addressing to move forward.

Highlight current limitations in transboundary aquifer assessment and management thatmay need to be addressed in order to
achieve the Sustainable Development Goal agenda, specifically target 6.5.

. °

*SO7.

*5S08.
*509.

Chapter 6
(Paper 3)

Present a methodology for identifying hotspots withintransboundary aquifers may be vulnerable to groundwater quality and
quantity issues.

Prioritize Malawi’s transboundary aquifers for directed national and local level managementbased on vulnerability hotspot mapping
Discuss the importance of multi-scale managementapproaches to transboundary aquifers highlighting ways in which institutional
organizations and transboundary agreements and arrangements can assist in its implementation

=

*5010.
*S0O11.

Chapter 7
(Paper 4)

Conduct and isotopic and geochemical assessment on a selected transboundary aquifer hotspot
Develop a conceptual model of the selected hotspot to understand the transboundary implications of the area in greater detail

./

€€€<

Figurel.1- Thesis roadmaghighlighting the research questions and specific objectives addressed in each thess chapt
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2 Literature Review

This literature reviewreviews the current standards and practices within
transboundary aquifer assessments and managenemd indicatekey knowledge

gaps addressed throughout the thesis.

2.1 The Importance of Groundwater

Water is the most important natural resource on Earth. Water security drives
economic development, health, and welfare (Grey and Sadoff 2007; Hahtar,
2010). Woldwide, water use is also increasing due to growing water, sanitation and
hygiene (WASH) demands. However, over 783 million people across the globe still do
not have access to an improved source of drinking water, 40% of which live4n Sub
Saharan Africa (WDESA, 2016). Stored in porous rocks and cracks underground
called aquifers, groundwater accounts for around 97% of the total water resources
available (i.e. noifirozen) across the globe (IGRAGhYd UNESCO201%).
Groundwater provides almost half of theidking water worldwide alongside 40% of
the water used for irrigated agriculture and 33% for industry (Smith et al., 2016; UN
Water, 2018). It is essential for sustaining ecosystems and providing baseflow to
rivers (Kelly et al.,, 2019a). In many countrigspundwater is the only reliable
resource for safe water supplies and food security (MacDonald and Calow 2009).
Groundwater is often a favourable water source as these systems respond more
slowly to meteorological conditions than surface water, and ak gpuovide a natural
buffer against climate variability including drought (Calow et al. 1997, 2010).
Groundwater also generally doesn't require treatment as it is naturally high quality

(MacDonald et al., 2012).

The continent of Africa is heavily reliampon groundwater, with an estimated 75%

of its population dependent on this resource for basic water supplies (Altchenko and
Villholth, 2013). It is also essential for rural livelihoods such as livestock rearing and
agricultural crop cultivation in manyfrican countries (Villholth, 2013 and Fostr

al.,2008 in Nisanjet al.,2018). The population in st®aharan Africa is projected to
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double by 2050N, 2019). Climate change and increasing human impacts on the
environment are putting pressure on grodwater resources, causing quality and
guantity issues (UN Water, 2018). Over the last decade, groundwater abstraction has

tripled and continues to increase at around 2%/year (Van der Gun, 2012).

2.2 Transboundary Aquifers

Water is not bound by poital boundaries and can therefore cross country and

political borders traveling from one sovereign country or state into another (Wada

YR | SAYNAROKSE HnanmMoO® ¢KAA Aa OGSN¥YSR WiNI
and growndwater often are transboundary. lact,40% ofthe water worldwidethat

we depend upon is estimated to be transboundargk@ein 2017).Transboundary
groundwater is stored and transmitted through aquifers which are permeable water
bearing geological unite. KSa S | NBansboBriday 8jRIZAWF SNEQ® { 2YS ¢
shared aquifers alone have enough water stored in thenprovide te drinking

water needsof the planet for 200 years (Puri and Naser, 200® two aquifers are

the same, and this assertion is the same for transboundary egu{Eckstein, 2012).

Lithology, transmissivity, storage capabilities, abstraction rates, populations
dependency, seasonal fluctuations are just some factors that may affect how a

(transboundary aquifer is used(Hiscock and Bens2005).

A theoreticalconceptual representation of a transboundary aquifer is provided in

figure 2.1. The key feature of this figure is that groundwater can be seen to cross an
international boundary thus transferring water from one side of the border to the

other. The countnor state that the groundwater flows from is generally termed the

WdzLJA GNBFYQ adlFiSed ¢KS O2dzy iNE 2NJ aidldsS Gf
WR2gYyaGNBFYQ aGFrG§Se® ¢KS RStEAYySFIiGA2Yy 27
groundwater flow direction)s essential in transboundary aquifer management as
pollution or overabstraction within the upstream state can have direct implications

for those downstream. There are however other variables that can complicate this
idealsed version of a transboundargquifer which must be considered in terms of

managemen{Eckstein and Eckstein, 2005
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Recharge contributing to
transboundary flow

INTERNATIONAL
BOUNDARY

Discharge from
transboundary flow

Local flow E:

systems

Transboundary
flow direction

Figure2.1 - A theoreticakonceptual representation ofteansboundary aquifer
(Puri and Naser, 2003)

Figure 2.2 illustrates a series of transboundary aquifer scend&o&stein and
Eckstine, 2005)Hydraulic connections to surface waters and recharge/discharge
zones can change the way a transboundary aqusfetefined and managedrigure

(a) represeng a simple transboundary aquifer where groundwater moves from one
state downgradient to another stateThis aquifer is not connected to surface water
YR G(GKdza& A& O2yaARSNBR | rodh#veaterahad been lj dzA TS
abstracted, it cannot be replenished bgcharge (MartifNagle,2011). An example

of this aquifer type is théNubian Sandstone Aquifer shared between Libya, Chad,
Egypt and Sudan (LaMoreaux et,g1985 andSultan et al. 2004 in Eckstein and
Eckstein, 2006 The addition of a river along the international border (b) creates a
transboundary aquifer system where surface water and groundwater is hydraulically
connectedand now both transboundary groundwater and surface watersnhe
managed togetherExamples of tlsi aquifer type ar¢he Ruo Transboundary Aquifer
System and the Shiiver Basin Alluvial Aquifdooth shared between Malawi and
Mozambiqte (ILEC et al., 201&d SAD&GMI, 2018. This situation is complicated if

the surface water crosses the border as depicted in scenario (c) as the considerations
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of upstream/downstream states need to be considered for both surface water and
groundwater while being managed together asystem for example in theNile River
Basin(NBI, 201& Similarly, in scenario (d), althougie surface water is domestic, it

is still hydraulically connected to a transboundary aquifer and therefore still needs to
be managed as a system. This is particularly aneisvhen trying to apply legal
instruments designedfor surface water management to the groundwater
component as often, aquifer boundaries do not match surface water bagins.
example of this situation islimbres Basinaquifer,a transboundary aquifer shared
between northern Mexico and New Mexico that is rechargedhgyMimbres River,
whichis a domestic river inside the boundary of the Uniteidtes (Hebard 2000 in
Eckstein and Eckstein, 2005).

@  _ —sma b <N\ .

7

STATE B

State A rdel

RECHARGE
) ZONE

Figure2.2 - A series of transboundary aquifer scenarios (Eckstein and Eckstein,
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Scenario (e) illustrates a domestic aquifer that is fed by international recharge. In this
case, although the aquifer isot transboundary, it still has a transboundary
implication due to beingonnected toan international river and receivingcharge
from out with the country borderAn example of this scenaricare the Euphrates
rivers thathave their headwaters in Turkey afeedadomesticsedimentaryaquifer
within Iraqg (FAO AQUASTAT in Eckstein and Eckstine,).Zodally, scenaridf)
shows a transboundary aquifer receiving recharge from only one state. Here,
groundwater is primarily located in the downstream state however is being fed by
the upstream state such as inthe Guarani Aquiferthat is 90% confinedshared
betweenBrazil,Paraguay, Uruguay and Argentitnat receives its recharge in Brazil
(Matlala, 2017. These upstream/downstream interactions are important to consider
in transboundary managementHowever, often the recharge and discharge

components dtransboundary aquifers are poorly understaod

The definition of a transboundary aquifer is fairly nuanced throughout the
internationalcommunity. First, withinnternationalLaw, thegeneralrule is that the
borderline extends vertically into the sugwil. Subsequentlysome could interpret
this to mean thatgroundwater contained in storage beneathe groundcould be
regarded as the property of that countryhisposesthe crucial issue of the flowing
component oftransboundary aquifers(Llamas and Custodio, 200Bubsequently,
international water law has struggled to provide a way forwdRecently,the UN
Draft Articleson the Law of Transboundary Aquifers (2008)d to harmornise the
definition of a transboundg aquifer through consultation of both scientists and
policymakers(Eckstein, 2007 Within the articles,atransboundarnaquifer is defined

| aa pérmeable watebearing gelogical formation underlain bg less permeable
layer and the water contained in theaturated zone of th& 2 NJY I (WX, 2608)
The explicit inclusion of the watevithin the definitionwas seen as a compromise
between scientists and policy make(Bckstein, 2007 Under this definitbn, a
portion of the aquifer today may not be part of the aquifer tomorrow as groundwater
is often in constant flux. This definitioalso causes confusiamhen member states
try to define the physical extent of the transboundary aquifer they wish to manage

(Eckstein, 2007)n comparison, the EU Water Framework Directive (20p2¢d to
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Of FaaATe GKSANI aKINBR 3INRdzyRg I (ifeNasNEB a 2 dzN
subdivisions of large geographical areas of aquif@achartaigh et al., 2035This

was done in order to effectively manage groundwater in conjunction with surface
water in a basin wide approach however itncaausedifficulties when trying to
understand the true extent of transboundary groundwater within European
countries. The Convention on the Law of the Nblavigational Uses of International
Watercourses (New York, 1997) defines a transboundary watercourse as a system of
surface water and grundwater thatare hydraulically connected. FinallhetUNECE
Convention on the Protection and Use of Transboundary Watercourses and
International Lake$UNECREVater Conventiopdefines transboundary water as any
surface or ground waters which mark, crassare located orboundaries between

two or more sates.

More recently, it has been suggested that even the extent of the geological unit
and/or water contained within it is a redundant basis on which to define a
transboundary aquifer. As certain areas of an aquifer @amly often utilsed, it is

proposed that he delineation of the aquifer should be based on factors such as
population density, activpumping areas, and density of active (Sanatedd., 2020).

Similarly, some have suggested that a certain distance from the border could be
defined as the transbawdary component of theaquifer (Eckstein, 2016 For the
LJdzN1J2 8 Sa 2F GKA&a NBASINOKIZ KSsbau@ansy G A F A
I lj dzA F S NI A pedmeabivatelbéaiig geological unit that has the ability to

store and transmit groundwater.

2.3 Transboundary Aquifer Assessments

The importance of transboundary water resources has been understood since the
M T AUN,E1978 inVolf et al., 1999)International river basins were extensively
studied due to their potential for conflict (Westing, 1986; Gleick, 1993; Hobiron,
1994; Remans, 1995; Samson and Charrier, 1997 inatvalf, 1999). Small cases of
transboundary groundwater assessments arabperation were seen in Northern
African at this time, primarily the Nubian Sandstone Aquifer System and the North

Western Sahara Aquifer System due to their strategic importdN&AS 2002, SASS
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2002 in Eckstein. 201 1However, it was not until the International Hydrological
Programme (IHP) of the United Nations Educational, Scientific and Cultural
Organization (UNESCO) established the Internationally Shared Aquifer Resources
Management Initiative (ISARM) 2000 that tansboundary groundwater gained

more international recognition(Rivera and Candela, 2018The International
Groundwater Assessment Centre (IGRAC) was then set up in 2003 when UNESCO and
the WMO took the initiative to estabsh an international groundwater resource
assessment centre that was to particularly focus transboundary aquifer

assessment and groundwater monitoritigtps://www.un-igrac.org).

Since itdormation, ISARM has launched a number of global and regional initiatives.

These includeli KS W! 3aSaaYSYGAS@SINENI YEAD 8dzy RY RE D MW
theWDf 201 f 9YOBANRYYSYy(l CHG@RASAEE S¢NI  aNBHdy F
TWAP)the establishment of fouregional ISARM networks of experts to identify,

map ard manage transboundary aquifera;global inventory and a global map of

TBAs and assisting in the drafting of the UNraft Articleson the Law of
Transboundary aquifers (UNECE, 2011; #8tE&TC,2016; Rivera and Candela, 2018

IGRAC and UNESG@, 2016.) IGRAGIsoLJdzo t A A KSa | WE NI yao2dzy
GKS 22NIRQ YILI gAGK |ff 1y26y ¢.! & RA&LX
results from many projects globally. This compilation of all international data
constitutes a valuable startingoint for governments. Tére are 592TBAscurrently

identified worldwide. Half of these are shared within European Member States and
identified as part of the Water Framework Directive requirememsfurther80 of

these are located within AfricAGRAGINd UNESC@015a; IGRA@nd UNESCO

2015b) accounting for 43% of the continental land surface (Altchenko and Villholth,

2013). TBA assessments internationally have been largely focused on the regional
scale (ILE€t al.,2016; Rivera and Candela, 2018)arge proportion off BAswithin

Africa were identified through th€e EFTWARegional assessments (IL&@I.,2016).

The aim of the GEFWAP was to provide the first global scale assessment of all
transboundary waters. GEFWAP regional assessments were carried out by an
approprige representative from each country and then collected and streamlined by

the project(ILEC et al, 20)6
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https://www.un-igrac.org/

Figure2.3 - Transboundary Aquifer Map of the World (IGRAC and UNESTQ015b)
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