


Monito ring for en viron mental p rotect ion

Region : East Asia
Countries: China and Russia
Aquifer: Heilongjian g (AS24)

The total area of M iddle Heilongjian g-Amur
river b asin amounts to 100 000 km2. The Chi-
nese p art , c alled th e Sanj ian g plain, h as an area
of 45 000 km2 whi le the Russian part covers
55 000 km2 .  Th e  b asin  is  an  important  eco-
nomic region for bo th No rtheast China and th e
Far East of Russia. The b asin has extensive aq-
uifers, con tainin g good qual ity ground water.
Groundwater of this basin is th e p rimary resourc e for drin king water and irrigation in
the area for bo th countr ies. For example, Kiamusze City in China and Khab arovsk City
in Russia dep end on ground water supplies. Th e ground water in Middle Hei longj ian g-
Amur river basin is found in a large aquif er system built up of unconsolidated Quater-
nary  rocks  and older  consolid ated  rocks.  G roundwater  flo w p attern  in  th e  basin  is
shown in th e Figure .

Init iator: Chinese and Russian govern men ts
Activity: Joint monito ring p rogramme

The groundwater resources of H eilongjian g-Amur river basin were evalu ated b y each
country sep arately, accord ing to their o wn nat ional standards and methods. So f ar,
the ground water rech arge of th e whole basin and th e ground water discharge inc lud-
ing withdrawal are in a balanc e. It is estimated that the runoff flux  ac ross the bound-
ary and flo wing f rom Ch ina to Russia is abou t 1.52 × 108 m3 /a.

The Ch ines e govern ment has b een wo rkin g on protection of water resourc es in the
Songhua and Heilon g River, and has also estab lished relevan t programs for pollution
control. Follo wing high level meet ings, China and Russia appointed responsible d e-
partments fo r monitorin g. The joint monito ring of transboundary waters of Chin a and
Russia has laid down a solid found ation fo r th e coop eration in environmental p rotec-
tion between both countr ies.

Source: Zeisheng, H. et al.,2006: Transboundary Aquifers in Asia with Special Empha-
sis to China, UNESCO .

Developing a f ramework fo r closer b i-nation al cooperation

Region : Americ as
Countries:  Mexico and th e USA
Aquifers : Santa Cruz (N12) & San P edro (N13)

High urb an gro wth rates, decl ining water tables,
contamin ation  and  an  arid  en viron ment  along  th e
US-Mexico bo rder have mad e groundwater man age-
ment an emergin g conc ern for po licy- makers in both
countries.  In  M exico,  ground water  is  control led  at  th e
federal level. In the United States of Americ a, ind ividu al
states establish th e regulations and laws governin g
groundwater use. As a result, th ere is a n eed for coo rdi-
nation of addition al study of bi-n ation al aqu ifers .

Init iator: US Congress – Transboundary Aquif er Assessment Act of 2006
Activity: Four t ransboundary b asins and th eir associated aquif ers are id enti-

fied for prior itized assessment among which Santa Cruz (12N) and
San P edro (13N).

Init iator: US-Mexico Transboundary Aquif er Assessment Pro gram ( TAAP)
Activity Through TAAP proposals, water managers and scientists wi ll be able

to work to wards bi-nation al prio rity setting and en gage in collabora-
tive end eavours.

Init iator: Internation ally Sh ared Aquif er
Resourc es Man agement ( ISARM)

Activity: The Arizona-Sonora portion of
the TAAP was rec ently d esig-
nated an ISARM c ase study, pro-
viding important exposure for
regional transboundary aquif er
assessmen t and management
initiat ives.

Source: Ms. Sharon Megdal , University of Arizona
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“Aquifers do no t cross the bord ers; th ey were th ere b efore th e bord ers”
(Eszter H avasné Szi lágyi, 1948 - 2008)

ABOUT TH IS MAP

This map is about Transboundary Aquif ers (TB As). It shows th e present state of informa-
tion regarding th e occurrenc e and ex tent of TBAs wo rld- wide. Th e intention of the map is
to provid e a global overview of th ese impo rtant shared water resources and to encourage
their furth er assessment . Th e map is based on the most rec ent inventory results of many
active working groups around th e world ; d etails on the map preparation procedu re are
avai lable in the s ection ‘Map co mpilation and label lin g” furth er on th is page.

Globally, the vast majority of countries sh are (individu al) aquifers (and/o r aquifer systems)
with th eir neighbours. Political, socio-economical , cultural and oth er differences among
countries make the assessment and th e man agement of intern ation ally shared aquifers
more difficult, comp ared with n ational on es. Insufficient kno wledge of transboundary
aquifers and a lac k of coordinated management can lead to undesired changes in ground-
water flo w, level , volume and dissolved substances. Th erefore, an appropriate assessment
of transboundary aquifers is requ ired to prevent or mitigate ground water problems and to
improve th e overall b enefit from groundwater.

Cooperat ion and information exchange amon g aquif er-sharin g States is a prerequ isite for
appropriate TB A assessmen t and man agement. Th e kno wled ge on t ransboundary aquifers
is still limited. Accordingly, individu als and organisat ions (national and international , gov-
ern mental and non-go vernmental) are welco me to p rovid e comments and su ggestions
about this map.

The back side of th e map contains an overview of the main TBA asp ects and the outlin e of
a gen eral ass essment methodology. Such a methodolo gy is need ed to guide a user
through th e assessment steps, poin ting ou t th e specifics of various aquifer issues in th e
intern ation al context . Addition ally , it will simplify comp arison amon g TBAs and encourage
the sharin g of experienc es gain ed els ewhere. Contributions to the development of a gen-
eral TBA assessment methodolo gy would also b e very much appreciated .

TRANSBOU NDARY AQUIFER AC TIVITIES AT IG RAC

The ass essment  of  glob al  ground water  resourc es  is  one  of  the  core  activi ties  of  the  Inter-
national Ground water R esourc es Assessment C entre (IGR AC). N ext to the assessment,
IGRAC – as UNESCO/WM O ground water centre – fac ilitates and promotes glob al sharing
of information and kno wledge. In bo th activi ties, transboundary aquifers take a pro mi-
nent place.

Transbound ary aquif ers activ ities at IGR AC are c arried out in th e framework of the ISARM
programme, an UN ESC O-led mu lti-agency global ini tiat ive for id entification, assessment
and sound man agement of in ternat ionally-shared groundwater resourc es. IGR AC partici-
pates  in  th e  ISARM Core  Group and maintains  the  ISARM portal  at  www.isarm.net .  How-
ever, th e most pro min ent IG RAC transboundary act ivity so far is its contribu tion to ISARM
regional act ivities. To geth er with O AS (Organis ation of American States) and UN ESC O-IHP,
IGRAC h as played a major role in th e d evelopment of the first atlas of transboundary aqui-
fers of the Americ as. Fu rther on, IGR AC (in cooperat ion with UNESCO-IHP and SADC) as-
sisted in the d elin eat ion of t ransboundary aquif ers in South ern Af rica. F inally, togeth er
with  IN WEB  and  UN ESCO- IHP,  IGRAC  contribu ted  to  U NEC E-led  assessmen t  of  trans-
boundary aquifers in South East Eu rope.

In the framewo rk of the G EF (Global Environment Fac ility) IW LEARN pro jec t, IG RAC s et up
an intern ational forum on transboundary aquif ers, co mpiled groundwater information
from various G EF IW pro jec ts and conducted a workshop on t ransboundary aqu ifers at th e
GEF IW conf erenc e in C ape To wn in 2007. At present, IGR AC is in volved in the p rep aration
of several GEF transboundary aquif ers pro jects .

IGRAC assisted  the  UN International  Law Commission  in  p rep arin g  draft  ar ticles  for  th e
first global legal agreement on transbound ary groundwater. Furth ermore, th e centre has
been en gaged in develop ment of ISARM transboundary aquif ers cours e material . The first
course on transbound ary aquifers was conducted as a sid e- even t of the 4th In ternation al
Symposiu m on Transboundary Waters M anagement (Th essaloniki, 2008). At the same
symposium IGR AC pres ented a pap er discussing the hyd rogeological aspect of a method-
ology for assessment of intern ation ally -shared aquif ers (see further on this page). IG RAC
presen ted a view on other, non-technic al asp ects of TBA assessment and man agement
during the 3rd Conf erence on Man agement of Sh ared Aquif er Resourc es in Afric a (Tripo li,
2008).

TRANSBOU NDARY AQU IFERS: M AIN ASP EC TS

The ISARM f ramewo rk docu men t (UN ESCO, 2001) distinguish es five aspects of trans-
boundary aquif ers, namely: hydrogeolo gical, legal, socio-econo mical, institution al and
environ mental aspect . Obtaining a common v iew on the h ydrogeolo gical situ ation
(meaning essentially aqu ifer extent and character istics) is necessary for an assessmen t of
the socio-econo mical and en viron men tal impact , wh ich should eventual ly lead to institu-
tional arrangements and legal agreements.

Over  th e  last  f ew years,  TBA pro jec ts  and invento ries  h ave  yield ed valuab le  information
on part icularly the hydro geologic al asp ect of transboundary aquif ers . The produc ed re-
ports also contain valu able examples of innovative institution al arran gements, socio-
economic al frameworks and en viron mental impacts . During th e same period, th e UN In-
tern ation al Law Co mmission (ILC) prepared art icles for the first law of transboundary aqui-
fers.

Thanks  to  all  of  these  efforts  and gain ed knowled ge,  the  main  TB A aspects  can  be  furth er
elabo rated, shapin g a general methodolo gy for the assessment of transboundary aquif ers.
This methodolo gy is n eed ed to guide a us er throu gh th e assessment steps, pointin g out
the specifics of various aquif er aspects in the intern ation al context. Moreover, the meth-
odology should simplify co mparison among TB As and encourage th e us e of exp eriences
gain ed els ewhere. Th e following paragraphs provid e an updated overv iew of the main
TBA aspec ts and th e outlin e of general TB A guid elin es.

Hydrogeo logy

From th e hydrogeological point of view, th ere is no differenc e between intern ationally
shared and n ational aquifers. Yet, th ere is some differenc e between a nation al and inter-
national assessment of groundwater resourc es. Th e main differenc e is not technical (most
often th e same techniques are used) but methodolo gical, b ecaus e some issues (such as
classification and data h armonisation) require more attention international ly th an n ation-
ally .

The  h ydrogeolo gical  TB A  ass essment  can  b e  seen  as  a  set  of  several  majo r  act ivities,
namely:

• Delin eation and d escription

• Classification , diagnostic analysis and zoning

• Data h armonisation and information man agement

The first two ac tivit ies (del ineation and description) c an be clustered as ‘inventory’ or
‘characterisation’, d ependin g on th e stage and th e scale of activ ities. In an y c ase, d elin ea-
tion and description are p rimari ly about co llecting, co mbining and interp ret ing f ield infor-
mation . Del ineation of aquif er geo metry (lateral extent and depth) can b e very ch alleng-

ing in hydrogeolo gical ly complex format ions. Addition ally, aquif er-sharing states may
come up with various delineation cri teria, suggesting for instanc e hydrolo gical , geologic al
or hydro geo logic al ch aracteristics as a b asis for d elin eation. Th e s econd activ ity
(description) includes bo th hyd rogeological characteristics (rech arge/disch arge mecha-
nism and hydraulic prop erties) and anthropolo gic influenc es (such as abstract ion and pol-
lution). This p art of assessment (delin eation and d escript ion) always contains some de-
gree of unc ertainty.

The second group of activit ies (classification, diagnostic an alysis and zoning) provid es the
stakeho lders  with  information  n ec essary  for  d ecision-makin g,  such  as  on  p roblems th at
may d evelop and opportunities that will be lost in the absenc e of coordinated ground wa-
ter resourc es develop men t and management. Fu rth er, th e stakehold ers n eed to kno w
which aqu ifers are likely to be the most responsive on es to transboundary aquif er man-
agement , and which zon es within such aqu ifers should b e targeted for the high est positive
impacts .

Finally, data harmonis ation and information management are essentially technic al ac tivi-
ties related to harmonisation of formats, classifications, terminolo gies, ref erenc e systems
and levels,  software  and h ard ware  sp ecifics,  etc.  Yet,  intern ation ally  they  are  very  much
determined b y politic al , organisational , legal, cu ltural and econo mical differenc es. Be-
cause of this additional dimension and importanc e in the intern ational context , data har-
monisation and information management should b e s een as a p art of th e TBA assessment
process. Mo reo ver, thes e activ ities ask for intensive and substantial coop eration ; working
together on TBA ass essment is th e best opportunity for building trust and mutual under-
standing amon g th e involved parties.

Environ mental issues

The en viron mental aspec t of t ransboundary aquifer man agement is increasin gly consid-
ered important and has d eveloped in paral lel with th e three dimensions of sustain ability:

• In the first dimension, th e en viron mental asp ect is strongly conn ected with ground-
water resourc es dep let ion and th e dilemma of co mpro mising th e use for futu re gen-
erations. Aquif ers are regard ed as resourc e pools that need to be develop ed and
man aged and ground water is valued in its extractive, consumptive, and p roductive
form.

• In the s econd dimension , th e en viron men tal aspec t of transboundary aquif ers is
associated with th e f act th at var ious ecosystems are ground water dep end ent ( e.g.

wetlands and river systems which are sustain ed throu gh th eir b aseflo w). P eople
increasingly  ackno wledge  th e  role  of  ecosystems servic es  in  sustaining  l ife,  as  is  the
case with the natu ral attenu ation c apacity of aquifers. Oth er aquif er funct ions like
storage, buffering, habitat and transport cap acities are all crucial in ecosystem proc-
esses. In this con tex t, ground water is valu ed for its in-situ non-consumptive us e. In a
transboundary contex t, it is easy to understand that large-scale intervent ions in the
environ ment in one state may h ave large eff ects on th e funct ioning of ecosystems in
neighbou ring  states.  It  imp licates  that  in  the  d elicate  task  of  determinin g  an  optimal
and equitable ground water alloc ation, th e ground water demand of thes e ecolo gic al
functions should be taken into account and assigned a high priori ty. In oth er wo rds,
which p art of th e ground water flow is en viron mentally committed?

• In th e thi rd dimension, th e en viron men tal asp ect of transboundary aquif ers is bas ed
on an ethical and aesth etic al mot ivation for the preservat ion of nature (includin g
water) . So metimes p eople valu e th e non-us e asp ects of n atural environments simp ly
for their existence. They consider it b eautiful and f eel the need to protect i t  ( also for
future gen erations).

Ideally , an environ mental assessment of transboundary aquifers incorporates all th ese
dimensions. It an alyzes where th e environ mental ground water functions are loc ated and
how we value them.

Socio-econo mic framework

From a purely economic persp ective, groundwater resourc es should b e allocated in such a
way  as  to  prov ide  th e  highest  retu rn  on  investments.  Ho wever,  b ecaus e  of  the  essential
role of ( ground) water in sustainin g human lif e, social issues like equity and water rights
come into play. Accordin gly , groundwater alloc ation for domestic water supply is normally
prioritiz ed over alloc ation for food production and ground water us e for food p roduction is
pref erred over industrial use.

Access to and control o ver groundwater resourc es of on e p art icular aqu ifer is often asym-
metrically d istributed amon g th e various us ers. Aquif er-sharing States should be prepared
to discuss the issue of a possible asymmetric al dist ribution.

Aquifers are diffusive in natu re and henc e hydro geo logic al eff ects of interventions in the
aquifer  at  a  part icular  location  can  migrate  through  th e  aquifer  to  other  locations.  For
example, a spillage of toxins may be transported to down-gradient locations with mo ving
groundwater .  Hence,  a  ground water  user  at  loc ation  A  may  aff ect  the  groundwater  avail-
ability  and quality  at  loc ation  B.  Th e  first  groundwater  user  is  said  to  caus e  econo mic  ex-
tern alities (like non-comp ensated extra pu mping or treatment costs) inflicted upon users
at loc ation B. Wh en th es e loc ations are in diff erent states , it b ecomes clear th at the issue
of economic ex ternali ties has great importance in transboundary aquif er management.

Intern atio nal legal f ramework

Legal agreements amon g aquif er-sharing States are usually a part of th eir institution al
arrangements. Intern ation al laws, protocols and guid elin es can be very instru mental in
specificat ion of concrete legal agreements amon g two o r mo re states that share a p articu-
lar aquifer. D espite an increased dep end ency on ground water resourc es, transbound ary
aquifers have rec eived , until recent ly, littl e att ention in intern ation al law. While regula-
tions for transboundary surfac e waters are quite well developed , this was –until rec ently-
not the c ase fo r transboundary ground water. Ho wever, there seems to b e a chan ge.

In  2003,  in  th e  f ramework  of  the  ISARM legal  asp ect  area,  UN ESC O-IHP set  up  a  multi-
disciplinary ad-hoc group of exp erts to provid e scientific and technic al support to the UN
Internation al L aw Commission (ILC) on hyd rogeology and transbound ary aquif ers issues.
The  UN ILC  is  the  UN body  in  ch arge  of  th e  codification  and pro gressive  d evelopment  of
intern ation al law.

In  2002,  the  ILC  had  included th e  topic  of  “Shared  Natural  R esources”  in  its  program.  Be-
tween 2003 and 2008, IL C worked on th e issue of transboundary aqu ifers with th e techni-
cal and scientific support of the expert group and organis ations such as UNESCO FAO,
UNECE,  UN EP and GEF,  IGR AC,  IAH,  Organization  of  Americ an  States  (OAS),  French-Swiss
Geneva Aquif er Au thority and Gu arani Aqu ifer System Project.

At its 60th  session (M ay-July 2008) the UN ILC adopted at s econd reading a fu ll set of d raft
articles on the law of transboundary aquif ers, inc luding a preamble and commentary. Th e
draft  articles  are  intend ed  to  offer  States  a  framework  for  th eir  agreements  on  trans-
boundary aquif ers. Th ey are div ided into four parts :  1) introduction, 2 general principles,
3) protection, preservation and management and 4) miscellan eous provisions. Th e tex t is
available in all UN langu ages at h ttp://untreaty.un.o rg/ilc /reports /2008/2008report .htm.

The ILC  transmitted  th e  draft  articles  to  the  UN Gen eral  Assembly  with  the  follo win g  rec-
ommendation:

• To adopt a resolution takin g note of th e draft articles on the law of transboundary
aquifers and to ann ex th ese artic les to the resolu tion;

• To  reco mmend  to  States  concern ed  to  make  app ropriate  bilateral  or  regional  ar-
rangements for th e prop er management of their transboundary aquif ers on th e
basis of the p rinciples enunciated in th es e articles;

• To consid er,  at  a  later  stage,  th e  elaboration  of  a  convention  on  th e  b asis  of  th e
draft articles.

The UN G eneral Assembly adopted on 11 Dec ember 2008 the R esolution A/RES/63 /124
on the law of transboundary aquif ers.

Fro m in ventory to assessment and man age ment

Region : South Eastern Eu rope (SEE)
Aquifers : All aquif ers in th e region

(EB1 to EB65)

Transbound ary aquifer resourc es play a
majo r role in SEE as sources of freshwater.

Init iator : UNESCO  Chair  and  IN WEB
at th e Aristotle Un iversity of
Thessalon iki, in cooperation
with United N ation Eco-
nomic Co mmission for
Europ e (UNEC E).

Activity: Inven tory of t ransboundary aquifers in th e region

Inven tory id ent ified  65 transboundary aquif ers in the region, distinguishin g two main
types:  karst aqu ifers rangin g from a few tens to hundreds of square kilo metres and
alluvial aquifers with greater areal ex tent (up to some thousands of square kilo me-
tres). In some countries transboundary karst ground water covers between 60 and
100% of th e total water use (e.g. in countries loc ated in th e Din aric region), while for
transboundary alluv ial groundwater the propo rtion varies fro m 15 to 70% (e.g. along
the river D anube) . Karst aqu ifers and related ecosystems are highly vuln erable to
pollution fro m different pressure fac tors.  That was one of th e reasons for a n ew in i-
tiative taken to imp rove assessment and man agement of thes e resources :

Init iator : UNESCO and G EF
Activity: DIKTAS (Dinaric Karst Transboundary Aquif er System) p roject

The pro ject aims to develop a sustainab le, integrated man agement methodology for
regional transboundary karst aquifers with the Din aric Karst Aquifer System as a test
case. The pro ject prep aration phase started in Septemb er 2008 and will result in the
proposal for a full siz e project in Septemb er 2009.

Source: U NESC O/INWEB, 2007: http://www.in web .gr
Source: D IKTAS Project 2009:: http://d inaric.iwlearn.org

Developing a p roposal fo r transbound ary groundw ate r assessment in Southern
Afric a

Region : Southern Afric a
Countries: Botswan a, N amibia and South Af rica
Aquifer: Stampriet K alah ari/ K aroo (AF13)

The Stampriet Kalahari/Karoo Artesian B asin is situated in
arid and s emi- arid parts of South ern Afr ica (K alahari
Desert) . Total aquif er area in  N amibia, Bots wan a and
South Afric a is estimated at 166 000 km2.  Th e  aqu ifer
boundaries in N amib ia h ave b een d etermin ed b y exten-
sive explo ration dril ling, while th e ex act extent of th e
aquifer in th e o ther two countr ies is less well kno wn .
Groundwater is found in a mult i-layered aquif er system co mposed of unconsolid ated
to semi-consolid ated Kalahari sands and silts which are underlain b y Karoo s and-
stones.

A conceptu al model of the aquif er system is accepted by all countries involved, but
quantitative information abou t groundwater vo lume and quali ty is scarce. Futu re
water d emand, high ly d ep endab le on the socio-econo mic developments in th e re-
spective countries, is difficult to predict. At present , Namibia is th e main user of
groundwater for stock watering, small urb an water supplies and increasingly for irr i-
gation purpos es. In Bots wan a and South Afric a, shallo w ground water is used by local
communit ies for drinkin g water and stock water supplies.

The majo r issu e for all three countr ies is to obtain a prop er und erstanding of the
resourc e potential of the aquif er and to establish a sound intern ation al water man-
agement pol icy.

Init iator: ISARM- SADC
Oran ge- Senqu R iver B asin Commission (OR ASECOM)

Activity: In July 2007 a d ecision was taken to c arry out a trilateral invest igation
of the Stampriet Kalah ari/Karoo Artesian B asin. Follo win g a meetin g
organiz ed b y UN ESC O, a d etailed p roject propos al related to two p ilot
areas was prep ared for an ant icipated p eriod of 4 years.

Source: Kirchner , J. , 2008: Stampriet Kalahari/Karoo Aquifer Study along th e Namibia-
Botswana-South Africa Boundary Area , Draft Project Proposal, SADC

The superimpos ed aquifers in the Americas are represented b y t rian gles. So me info r-
mation was available abou t superimposed aqu ifers in Europ e as well , but (unlike for
the Americ as) not on th e original source map (UNEC E, 1999). Fo llo wing th e guiding
principle, no superposition is sho wn for the aquif ers in Europe.  For th e same reason,
two c ases of an aquifer in Eu rope represented by two almost adjac ent circles (i.e.
locations) in th e or igin al map are d epicted in th e same way on this map.

All aquif ers on th e map are presented with a lab el. For th e aquif ers of th e Americas,
labels are ex actly th e same as us ed by the Organization of American States (O AS). For
the oth er contin ents, a cod e was created by putt ing to geth er two l etters to id entify
the contin ent or region and a numb er to id entify th e aquif er i tself. Th e nu mb ering
sequenc es res emble as c losely as possible numb ering in the sourc e materials . The
numbering sequ enc e in Asia and the C aucasus,  for  ex ample,  start  with  th e  CAC ENA
numbers  of  th e  Cauc asus,  follo wed by  Ch ina’s  TBAs,  th e  Arab  TBAs  and th e  oth er
Asian TBAs. In Af ric a,  the nu mbering starts with  th e  IGR AC nu mb ers  for  South ern
Africa (2005), followed by th e rest of Afric a. B ec ause of th is numb erin g princip le, gaps
may exist in th e nu mbering sequ enc es, as th e nu mbers of aquif ers which oc cur in
different sourc es simultan eously beco me obsolete wh en th e sourc es are co mbin ed.

MAP C OMPIL ATION AND L ABELL ING

The map presented h ere br ings to geth er information provid ed by various organis a-
tions and projects d ealing with transbound ary aquif er assessment and /or manage-
ment at regional and contin ental sc ales (direct info rmation sources us ed for th e map
are given in th e tab le b elo w).

The guiding pr inciple during th e compi lation of this TB A map was to stay as close as
possible to the information provided by th e origin al sourc es, while presentin g the
information

as approp riately as possible for th e chosen sc ale of th e map (1 : 50 000 000). Acco rd-
ingly, a f ew aquif er boundaries were adjusted (simplified) and small aquif ers are rep-
resen ted b y a symbol instead of exact bound aries.

The TBA map sho ws  aquif er extent  (if kno wn), fo r aquif ers with an area larger than
6000 km2. Smaller aqu ifers are represen ted with squares. If the ex act aquif er bound a-
ries are kno wn and ackno wledged b y al l sharin g countr ies th ey are d elin eated with
solid red l ines. If not, th ey are delineated with d ashed red l ines.

Quite limited information is available on extent of TB As for so me parts of Europ e and
Asia  Small (filled or half-fil led) circled are us ed to d epict aquif ers whos e extent is not
known. A filled circle represents an aquif er whos e occurrenc e is confirmed b y al
countries involved ; if an aquif er is not reco gnised by all countries, it is depicted by a
half-filled circle.

Disclaimer

Any d esignation emplo yed and the p res entation of material throughou t this public ation
do not  imply  the  expression  of  any  opinion  whatsoever  on  the  part  of  IGR AC,  UN ESCO or
WMO conc ernin g the legal status of any country, territory, city or area, no r of its authori-
ties and sovereignty on its terr itory and natural resourc es, and delineation of its frontiers
or boundaries. Furthermore, the loc ation and boundaries of several transboundary aqui-
fers have not yet been confirmed by representatives of all countr ies involved . In such
cases, an effort was mad e to indic ate on th e map th e co rresponding pro visional status.
Neith er TN O nor Deltares can be held responsible or liable in any way whatso ever in con-
nection with this map.

Colophon

The mission of th e International Ground water R esourc es Ass essment C entre ( IGRAC) is to
facilitate and promo te global sharing of information and knowled ge required for sustain-
able groundwater resourc es d evelop men t and man agement . As an indep end ent and non-
profit c entre, IGRAC operates und er auspices of United N ations Education al, Scientific and
Cultural Organization (UNESCO) and the World M eteorolo gic al Organ isation (WMO).
IGRAC is hosted b y D eltares in Utrecht , th e N eth erlands, and rec eives fin ancial support
from th e go vernment of th e N eth erlands.

Postal Address: P.O. Bo x 85467, 3508 AL Utrech t, The Neth erlands
Phone: +31 88 335 7700, E-mail: info@igrac .net, Website: www.igrac.n et

Locations of Santa Cruz and San Pedro
Rivers within Arizona and Sonora.

June 2008 bi-national field visit to
infiltration gallery in the dry bed of
the Santa Cruz River, Sonora,
Mexico.

Cross-section of the Middle Heilongjiang-
Amur river basin.

Region Source Region Code
World WHYM AP (2006) n/a
The Americas UNESCO (2007) N, C, CB & S
Europ e UNECE (1999) EU
South Eastern Eu rope INWEB (2009), UNEC E (1999, 2007) EB
Caucasus UNECE (2007) AS
Asia ISARM- Asia/UN ESCO (2006) AS
Arabian P eninsula UNESCO /ACSAD (1988) AS
Africa ISARM- Afric a/U NESCO (2004) AF
Southern Afric a ISARM- SADC (2007) AF
Northern Afr ica
- Iullemeden OSS/UNEP /G EF (2008a) AF
- North-Western
  Sah ara

OSS/UNEP /G EF (2008b) AF

- Nubian Sandstone IAEA/UNDP/G EF (2007) AF
- Mediterran ean Afric a IEM ED/C IDOB (2008) AF

Information sources

- UPDATE 2009 -
1 : 50 000 000

No. Aquifer Name Sharing Countries Type1 Area [km2]2

1S El Choco-Darién Colombia, Panama 2
2S Tachira Pamplonita Colombia, Venezuela 1 80
3S La Guajira Colombia, Venezuela 2
4S Grupo Roraima Brazil, Guyana, Ven ezuela 70 000
5S Boa Vista-Serra de Tucano-North  Savanna Brazil, Guyana 1 24 000
6S Zanderij French Guiana, Guyan a, Suriname 1
7S Coesewijne Guyan a, Suriname 1
8S A-Sand/B-Sand Guyan a, Suriname 1
9S Costeiro Brazil, French Guiana 27 000

10S Tulcán-Ipiales Colombia, Ecuador 1+2
11S Zarumilla Ecuador, Peru 1 920
12S Puyango-Tumbes-Chira-Catam ayo Ecuador, Peru 1+2+3
13S Amazonas Bolivia, Brazil, Colombia, Ecuador, Peru, Vene-

zuela
1 3950 000

14S Titicaca Bolivia, Chile, Peru 1+2 120 000
15S Pantanal Bolivia, Brazil, Paraguay 1 134 000
16S Agua Dulce Bolivia, Paraguay 1 30 000
17S Ollagüe-Pastos Grand es Bolivia, Chile 2 4 350
18S Concordia/Escritos-Caplina Chile, Peru 1 1 600
19S Aquidauana-Aquidabán Brazil, Paragu ay 1 27 000
20S Caiuá/Bauru-Ac aray Brazil, Paragu ay 1 300 000
21S Guaraní Argentina, Brazil, Paraguay, Urugu ay 1+2 1200 000
22S Serra Geral Argentina, Brazil, Paraguay, Urugu ay 2 540 000
23S Literáneo-Chuy Brazil, Uruguay 1 41 000
24S Permo-Carbonífero Brazil, Uruguay 1 41 000
25S Litoral Cretácico Argentina, Uruguay 1 40 000
26S Salto-Salto Chico Argentina, Uruguay 1 32 000
27S Puneños Argentina, Bolivia 1 16 000
28S Yrendá- Toba- Tarijeño Argentina, Bolivia, Paragu ay 1 600 000
29S El Cóndor-Cañadon del Cóndor Argentina, Chile 1 5 490
1N Abbotsford-Sumas Canada, United States 1 100
2N Okanagan-Osoyoos Canada, United States 1 25
3N Grand Forks Canada, United States 1 34
4N Poplar Canada, United States
5N Estevan Canada, United States 1 280
6N Northern Great Plains Canada, United States 1+2 500 000
7N Châteauguay Canada, United States 1+2 2500
8N San Diego-Tijuana Mexico, United S tates 1
9N Cuenca Baja del Río Colorado Mexico, United S tates 1

10N Sonoyta-P ápagos Mexico, United S tates 1
11N Nogales Mexico, United S tates 1+2
12N Santa Cruz Mexico, United S tates 1+2
13N San Pedro Mexico, United S tates 1
14N Conejos Médanos-Bolsón de la Mesilla Mexico, United S tates 1 10 000
15N Bolsón del Hueco-Valle de Ju árez Mexico, United S tates 1 8 000
16N Edwards-Trinity-El Burro Mexico, United S tates 2 >70 000
17N Cuenca Baja del Río Bravo / Grand e Mexico, United S tates 1
1CB Masac re Dominican Republic, Haiti 1+2 2 280
2CB Artibonito Dominican Republic, Haiti 1+2 9 780
3CB Los Lagos Dominican Republic, Haiti 1+2 >2 300
4CB Pedern ales Dominican Republic, Haiti 2 2 500
1C Soconusco-Suchiate/Coatán Guatemala, M exico 1+2+3
2C Chicomuselo-Selequa/Cuilco Guatemala, M exico 1+2+3
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3C Ocosingo-Usumacinta-Pocóm-Ixcán Guatemala, M exico 2
4C Márqu ez de Comillas-Chixoy/Xaclbal Guatemala, M exico 1+2
5C Boca del Cerro- San Ped ro Guatemala, M exico 2
6C La Trinitaria-N entón Guatemala, M exico 1+2
7C Península de Yucatán-C andelaria- Hondo Belize, Guatemala, M exico 2
8C Mopán-Belice Belize, Guatemala 1+2 >4 910
9C Pusila-Moho Belize, Guatemala 1+2 >644

10C Sars tún Guatemala, B elice 1+2 >2 109
11C Temash Guatemala, B elice 1+2 >69
12C Motagu a Guatemala, Honduras 1+2
13C Chiquimula - Copán Ruinas Guatemala, Honduras 2
14C Esquipulas-Ocotepeque-Citala El Salvador, Gu atemala, Honduras 1+2
15C Ostua-M etap an El Salvador, Gu atemala 1+2
16C Río Paz El Salvador, Gu atemala 1
17C Estero Real Río Negro Honduras, Nicaragua 1+2
18C Sixaola Costa Rica, Panama 1+2
AF1 Kagera Aquifer Uganda, United R epublic of Tanzania 1 5 600
AF2 Kilimanjaro Aquifer Kenya, United Republic of Tanzania 2 14 500
AF3 Coastal Sedimen tary Basin 1 Kenya, United Republic of Tanzania 1+2 22 900
AF4 Coastal Sedimen tary Basin 2 Angola, Democratic Republic of the Congo 1+2 5 500
AF5 Congo Intra-cratonic Basin Angola, Democratic Republic of the Congo 1+2 211 000
AF6 Karoo Sandstone Aquifer Mozambique, United Republic of Tanzania 1 13 200
AF7 Coastal Sedimen tary Basin 3 Mozambique, United Republic of Tanzania 1 23 200
AF8 Coastal Sedimen tary Basin 4 Angola, Namibia 1 1 400
AF9 Northern Kalahari / Karoo Basin Angola, Botswana, Namibia, Zambia 1+2 143 800

AF10 Nata Karoo Sub-basin Angola, Botswana, Namibia, Zambia, Zimbabwe 1+2 91 000
AF11 Medium Zambezi Aquifer Mozambique, Zambia, Zimbabwe 1+2+3 125 000
AF12 Shire Valley Aquifer Malawi, Mozambique 1 5 200
AF13 South-east Kalahari / Karoo Basin Botswana, Namibia, South Africa 1 166 200
AF14 Ramotswa Dolomite Basin Botswana, South Afric a 2 6 800
AF15 Tuli Karoo Sub-basin Botswana, South Afric a, Zimbabwe 2 14 300
AF16 Limpopo Basin Mozambique, South Africa, Zimbabwe 1+2 20 000
AF17 Coastal Sedimen tary Basin 5 Namibia, South Africa 1 800
AF18 Karoo Sedimentary Aquifer Lesotho, South Africa 1 129 300
AF19 Rhyolite-Breccia Aquifer Mozambique, Swaziland 2 4 900
AF20 Cuvelai and Etosha Basin Angola, Namibia 205 000
AF21 Tindouf Aquifer Algeri a, Morocco 1+2
AF22 Errachidia Basin Algeri a, Morocco 1+2
AF23 Northwest Sahara Aquifer System

(NWSAS)
Algeri a, Libyan Arab Jam ahiriya, Tunisia 1+2 1 030 000

AF24 Mourzouk-Djado Basin Chad, Lybia, Tunesia
AF25 Nubian Sandstone Aquifer System (NSAS) Chad, Egypt, Libyan Arab Jamahiriy a, Sudan 1+2 2175 838
AF26 Senegalo-M auretanian Basin Gambia, Guinea-Bissau, Mauritania, Senegal,

Western Sahara
114 000

AF27 Taoudeni Basin Algeri a, Mali, Mauritania 500 000
AF28 l'Air Crystalline Aquifer Algeri a, Mali, Niger 3
AF29 Tin-Séririne Basin Algeri a, Niger 45 000
AF30 Liptako-Gou rma Aquifer Burkina Faso, Niger 3
AF31 Irhazer-Iullemed en Basin Algeri a, Benin, Mali, Niger, Nigeri a 525 000
AF32 Lake Chad Basin Chad, Niger,Central Afric an Republic, Nigeria,

Cameroon
1 1 000 000

AF33 Tano Basin Ghana, Côte d'Ivoire 1+2
AF34 Keita Basin Benin, Nigeria, Togo 1+2
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AF35 Upper Nile Basin Ethiopia, Sudan
AF36 Awash Valley Aquifer Djibouti, Ethiopia
AF37 Rift Aquifers Kenya, Tanzania, Uganda 2+3
AF38 Ogaden- Juba Aquifer Ethiopia, Somalia 1+2
AF39 Mount Elgon Aquifer Kenya, Uganda 2
AF40 Merti Aquifer Kenya, Somalia 1
AF41 Atlas Mountains Transboundary aquifers Algeri a, Morocco 1+2
AS1 Osh Aravoij Kyrgyzs tan, Uzbekistan 1
AS2 Almoe-Vorzin Kyrgyzs tan, Uzbekistan
AS3 Moiansuv Kyrgyzs tan, Uzbekistan 1 1 760
AS4 Sokh Kyrgyzs tan, Uzbekistan
AS5 Alazan-Agrichays kij Azerb aijan, Georgia 1 3 050
AS6 Samurskij Azerb aijan, Russia 1 2 900
AS7 Lower and Middle Arazs kij Azerb aijan, Iran (Islamic Republic of) 1 1 480
AS8 Pretashken t Kazakhstan, Uzbekistan 1 20 000
AS9 Chu Basin Kazakhstan, Kyrgyzstan 1

AS10 Pambak-Deb ed Armenia, Georgia 1
AS11 Agstv- Tabuchskij Armenia, Azerbaijan 500
AS12 Birata- Urgench Turkm enistan, Uzbekistan 1 60 000
AS13 Karotog Tajikistan, Uzb ekistan 328
AS14 Dalv erzin Tajikistan, Uzb ekistan
AS15 Zafo roboi Tajikistan, Uzb ekistan
AS16 Zeravs an Tajikistan, Uzb ekistan 88
AS17 Salepta-B atkin-Nai-Icfo r (Sy r Kyrgyzs tan, Tajikistan 891
AS18 Chhatkalo Kurmanskij Kazakhstan, Uzbekistan 1 20 000
AS21 Ertix River Plain China, Kazakhstan 1 >16 754
AS22 Tach eng Basin China, Kazakhstan 1 >11 721
AS23 Ili River Valley China, Kazakhstan 1 53 000
AS24 Middle Heilongjian-Amur River Basin China, Russia 1 100 000
AS25 Yalu River V alley China, Democratic People's Republic of Korea 2 >11 210
AS26 Nu River Valley Burma, China 2 >35 477
AS27 Upriv er of Zuo River China, Viet Nam 2 >32 227
AS28 Beilun River Basin China, Viet Nam 2 >30 170
AS31 Etrix River Plain Kazakhstan, Russia 1 120 000
AS32 West Altai Kazakhstan, Russia 1+2 40 000
AS34 Yenisei upstream Mongolia, Russia 1+2 60 000
AS37 India River plain India, Pakistan 1 560 000
AS38 Southern of Himalayas India, Nepal 1 65 000
AS39 Ganges River plain Bangladesh, Bhutan, Burma, India 1 300 000
AS40 South Burma Burma, Thailand 2 53 000
AS41 Mekong River plain Cambodia, Lao People's Democratic Republic,

Thailand, Viet Nam
1 220 000

AS42 New Guinea Island Indonesia, Papua New Guinea 2 870 000
AS51 Upper Jezira / Mesopotamia Iraq, Syri a, Turk ey  1+2 100 000
AS52 Eastern Mediterranean Israel, Jord an, Lebanon, Palestinian Territo ry,

Syria
 1+2+3 48 000

AS53 Hauran and Jabal  Al-Arab Jordan, Saudi Arabia, Sy ria 2 15 000
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AS54 Paleogen e and Cretac eous aquifers Jordan, Saudi Arabia  1+2
AS55 Paleogen e Aquifer Bahrain, Iraq, Jordan, Kuwait, Oman, Qatar, Saudi

Arabia, Syrian Arab Republic, Untied Arab Emir-
ates, Yem en

1+2 2135251

EB1 Dragonja Croatia, Slovenia 2 119
EB2 Mirna-istra Croatia, Slovenia 2 >214
EB3 Opatija Croatia, Slovenia 2 >302
EB4 Rijeka Croatia, Slovenia 2 >460
EB5 Kupa Croatia, Slovenia 2 375
EB6 Zumberak Croatia, Slovenia 2 185
EB7  Sav a Croatia, Slovenia 1 58
EB8 Sutla Croatia, Slovenia 1 192
EB9 Dolinsko-Ravensko/Mura Croatia, Slovenia 1 >449

EB10 Mura Croatia, Hungary 1 >300
EB11 Drava Croatia, Hungary 1 359
EB12 Baranj a Croatia, Hungary 1 1562
EB13 West Serbia Croatia, Serbia 1 >2672
EB14 Sav a Bosnia and Herzegovina, Croatia 1 646
EB15 Kupa Bosnia and Herzegovina, Croatia 2 >452
EB16 Una Bosnia and Herzegovina, Croatia 2 1700
EB17 Krka Bosnia and Herzegovina, Croatia 2 499
EB18 Cetina Bosnia and Herzegovina, Croatia 2 3237
EB19 Neretw a Bosnia and Herzegovina, Croatia 2 2982
EB20 Dubrovnik Bosnia and Herzegovina, Croatia 2 >2242
EB21 Karst- Monten egro Bosnia and Herzegovina, Monten egro 2 >1000
EB22 Dinaric karst West coast Croatia, Montenegro 2 >200
EB23 Dinaric karst East coast/ Skad ar Lake Albania, Montenegro 2 650
EB24 Beli Drim Albania, Serbia 2 1170
EB25 Metohija Montenegro, Serbia 1 >1000
EB26 Lim Montenegro, Serbia 2 >700
EB27 Tara massif Bosnia and Herzegovina, Serbia 2 310
EB28 Macv a-Semberija Bosnia and Herzegovina, Serbia 1 >1217
EB29 Backa Croatia, Hungary, Serbia 1 13565
EB30 Banat Romania, Serbia 1 19964
EB31 Miroc & Golubac Romania, Serbia 2 300
EB32 Dacian basin Romania, Serbia 1 >1000
EB33 Timok Alluvium/Bregovo Novo Bulgaria, Romania 1 337
EB34 Nishava & Tran Kars t Zem en Bulgaria, Serbia 2 >872
EB35 Fluvial and Glacial Sediments in the Opava

River Catchm. Area
Bulgaria, Serbia 2 465

EB36 Zemen Bulgaria, Serbia 2 >200
EB37  FYROM-SW Serbia Serbia, Former Yugoslav R epublic of Macedonia 2 >300
EB38 FYROM-C entral Serbia Serbia, Former Yugoslav R epublic of Macedonia 1 >100
EB39 Tetovo-Gos tivar Serbia, Former Yugoslav R epublic of Macedonia 2 100
EB40 Bistra- Stogovo Albania, Former Yugoslav Republic of Mace-

donia
2 >140

EB41 Jablanica Albania, Former Yugoslav Republic of Mace-
donia

2 >370

EB42 Ohrid Lake Albania, Former Yugoslav Republic of Mace-
donia

2

EB43 Vjosa / Pogoni Albania, Greec e 2 900
EB44 Mourgan a Albania, Greec e 2 640
EB45 Prespes Lakes Albania, Greec e, Former Yugoslav Republic of

Macedonia
2 1180

EB46 Galicica Albania, Greec e 2
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EB47 Pelagonija/Florina Greec e, Form er Yu goslav Republic of Macedonia 1 >607
EB48 Gevgelija/Axios-Vardar Greec e, Form er Yu goslav Republic of Macedonia 1
EB49 Dojran Lak e Greec e, Form er Yu goslav Republic of Macedonia 1 280
EB50 Sandansky -Petrich Bulgaria, Greec e, Former Yugoslav R epublic of

Macedonia
1 >764

EB51 Gotze Delchew / Agistro-Orvilo Bulgaria, Greec e 2 356
EB52 Nastan- Trigrad Bulgaria, Greec e 2 >203
EB53 Smolyan Bulgaria, Greec e 2 >94
EB54 Rudozem Bulgaria, Greec e 2 >80
EB55 Erma R eka Bulgaria, Greec e 2 >40
EB56 Svilegrad/Orestiada Bulgaria, Greec e, Turk ey 1 1 415
EB57 Evros/M eric Greec e, Turkey 1 >2 000
EB58 Topolovgrad k arst w aterb earing massif  Bulgaria, Turkey 2 >4 000
EB59 Malko Tarnovo kasrt waterbearing massif  Bulgaria, Turkey 2 >2 000
EB60 Upper Pleistoc enesomes alluvial fan Hungary, Romania 1 6 519
EB61 Lower Pleistoc ene Mures alluvial fan Hungary, Romania 1 >5 000
EB62 Lower Pleistoc ene somes alluvial fan Hungary, Romania 1 2 356
EB63 Middle Sarmatian Pontian Republic of Moldova, Romania 1 >11 964
EB64 Sarm atian Bulgaria, Romania 1 6 628
EB65 Upper Ju rassic-Low er Cretac eous Bulgaria, Romania 1 26 903
EU1 Lainsitz-Trebon pan Austria, Czech Republic 1 609
EU2 Bayrisch-Oberösterr. Molassebec ken Austria, Germ any 2 6 800

EU3 Seewinkel / Hanság Austria, Slovaki a 1 300
EU4 Raabnitz-Lafnitz-Strem-Pinka Tal / Õrség

Nrn Part
Austria, Hungary 1 860

EU5 Günz-Rabnitz-Ivk a Tal / Alpokalja Austria, Hungary 445
EU6 Fertõ / Neusiedler Austria, Hungary 1+2 >200
EU7 Unters Murtal / Prekomursko Polje Austria, Slovenia 623
EU8 Hard Rock Belgium, France 3
EU9 Schelde Basin Aquifer Sys tem Belgium, Netherlands 1 >200

EU10 Roerdal Slenk System Belgium, Netherlands 1 >4 373
EU11 Hard Rock Belgium, Netherlands 2
EU12 Bug Belarus, Poland
EU13 Q,Pg2+Pg3,Cr2,A+Pt1 Belarus, Uk rain e 1+2 >11 090
EU31 Cheb Pan Czech Republic, Germany 1 >315
EU32 Decinsky Sn eznik Dolni Krmenice and

Krimice Cretac eous
Czech Republic, Germany 1 >299

EU33 Upper Ploucnice Cretac eous Czech Republic, Germany 1 >787
EU34 Miocene Sediments of Zitav a Pan Czech Republic, Germany, Poland 1 >16
EU35 Glaciofluvial Sediments in Frydlant Off-

spur
Czech Republic, Poland 1 >123

EU36 Police Pan and Hronov-Porici Cretac eous Czech Republic, Poland 1 >256
EU37 Kralik Ramp Czech Republic, Poland 1 >60
EU38 Glacial Sedimen ts of Zulov Hilly Country

and Zlata Ho ra Mountains
Czech Republic, Poland 1 >150

EU39 Glacial Sedimen ts of Zulov Hilly Country
and Zlata Ho ra Mountains

Czech Republic, Poland 1 >45

EU40 Fluvial and Glacial Sediments in the Opava
River Catchm. Area

Czech Republic, Poland 1 >1 449

EU41 Fluvial Sediments in the Thay a River
Catch. Area / Alluvium of Morava

Czech Republic, Slovakia 1 >1 418

EU42 Silurian-Ordovician Layer Estonia, Latvi a, Russia 1 >11 000
EU43 Ribe-Formation / Braunkohlensande Denmark, Germ any 1 >8 000
EU44 Sediments of Quatern ary and Pliocene Franc e, German y 1 >1 680
EU45 Oberrh eingraben Mitte/Süd Franc e, German y, Switzerland 1 >1 700
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EU50 Szigetköz / Zitný Ostrov Hungary, Slovaki a 1 2 138
EU51 Transdanubian / Alluvium of Danube Hungary, Slovaki a 1+2 1 071
EU52 Ipoly Völgy / Alluvium of Ipel Hungary, Slovaki a 1 854
EU53 Karancs-Medv es / Alluvium of Slaná Hungary, Slovaki a 1 698
EU54 Aggteleki Karszt / Alluvium of Bodva and

Slovak Kars t
Hungary, Slovaki a 1+2 766

EU55 Hernád Völgy / Alluvium of Hornad Hungary, Slovaki a 1 256
EU56 Ronyva Vgy-Bod rogköz / Medzibodrozie

and Alluvium of Roòava
Hungary, Slovaki a 1+2 698

EU61 Õrség Hungary, Slovenia >650
EU63 Stipinai Latvia, Lithuania 15 200
EU64 Upper P ermian-Famennian Latvia, Lithuania 17 060
EU65 Katlesi-Plivinias / Suosos-Kupiskio Istros-

Tatulos
Latvia, Lithuania 41 600

EU66 Sven toji-Arunula / Sventosios-Upninky Latvia, Lithuania 56 677
EU67 Upper C retac eous Lithuania, Russia >7 800
EU68 Shallow Groundwater (Q) (/1) / Qall,N,K2 Republic of Moldova, Ukraine 1 33 713
EU70 Badenian-Sarm atian (/3) Republic of Moldova, Ukraine >20 500
EU71 Silurian-Cretac eous (/4) Republic of Moldova, Romania >20 000
EU72 Lublin-Podlasie Region Poland, Ukraine 18 022
EU73 Mazursko-Podlashi Region Lithuania, Poland, Russia >7 000
EU74 Mesozoic of West Tatra and adjac ent

Crystalline
Poland, Slovakia 1+2 >45

EU75 Mesozoic of Belianske Tatry and Adjacent
Crystalline

Poland, Slovakia 1+2 >89

EU76 Alluvium of Poprad Poland, Slovakia 1 >34
EU78 Mirensko-V rtojbensko Polje Italy, Slovenia 1 >23
EU79 Q,Pg3,Cr2,N1,Pg2,Cr1,C,D,Pt Russia, Ukraine 1+2 >800
EU80 Q,N1-2,Pg2-3,Cr2 Romania, Ukraine >6 000
EU81 Qall,N,Pg+K2 Slovakia, Ukraine >2.3
EU82 Nave de Hav er / Ciudad Rodrigo-

Salamanc a (U. H.02-19)
Portugal, Spain 2 072

EU83 Toulóes / Moraleja (U. H.03-13) Portugal, Spain 305
EU84 Mioplioquatenario de Elvas-C ampo

Maior / Vegas Bajas (U. H.04-09)
Portugal, Spain 531

EU85 Mourão-Fic alho Portugal, Spain 2 >170
EU86 Alluvões do Minho / Aluvial del Bajo Miño

(U.H. 01.26)
Portugal, Spain 1 57

EU87 Veiga de Vilarelho da Raia Portugal, Spain 1 >6.5
EU88 Nappe du Genevois Franc e, Switz erland >25
EU89 Karstic Limestone Ireland, United Kingdom 1+2 >1 600

EU49 Hochrhein Germany, Switz erl and 1+2 >500

EU48 Lusatian Neisse (from the border of county
Saxonia to the mouth of river Oder) /
Pomeranian Region

Germany, Poland 6 071
EU47 North-Germ any/Neth erl ands Germany, Neth erl ands >12 750
EU46 Venlo-Krefeld Aquifer Germany, Neth erl ands 1 >3 375

www.isarm.net

www. .net

View on a karstic spring in the Dinaric region.
Location of pilot areas for
assessment in Southern Africa.

South
      Africa

Botswana

Namibi a

1 Aquifer types as mentioned in the literature and defined by UNESCO:  1. Intergranular 2. Fissured 3. Limited/ local
2 Areas as mentioned in th e literature in km2. The > sign indicates that the aquifer’s area is known for some, but not
all of the countries involved. It therefore represents a minimum aquifer area.
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Externalities are often indirect and hidden and it is therefore h ard to d etermine who
caused them, and to what extent. Furthermore, it is often difficu lt if not impossible to
express externalities in monetary terms. For instanc e, how should drying of a wetland be
related to individu al f armers when the groundwater table d eclin e (causing the dry ing) is a
result of the accu mulation of man y small drawdo wns? And furth er, ho w to valuate th e
consequent loss of the wetland ’s biodiversity?

Although hard to ans wer, thes e qu estions show that an invento ry of ground water us e,
allocation, prior ities, valu ation and extern alit ies should b e a stand ard part of a TB A socio-
economic an alysis.

Institu tion al sett ings

Organisation al s ettings of ground water management range fro m state-planned manage-
ment  to  collective  actions  at  grass-root  level.  Th e  autho risat ion  of  these  settings,  regard-
less of their level,  rarely cross es nation al bord ers.

Institutionalising transbound ary ground water management is an on going proc ess of social
learning.  It  is  gen erally  recommend ed to  start  this  p rocess  at  a  lo w-profile  and lo w-risk
level, to learn by doing and subsequently using gain ed knowled ge to tackle incrementally
more comp lex and sensitive issues. In each of th ese p rocess ph ases, different institution al
instruments may b e required.

Institutional instru ments may be regulatory (l ike lic ensing, alloc ation and prop erty right,
laws and bind ing agreemen t and policies), economic (subsidies, tradable ground water use
and pollution righ ts, pricin g of ground water and electric ity) or advisory ( enablin g access to
information, expertise, funding and creating awareness, trainin gs and non-binding agree-
ments).

There is no un ique and sharply d efined form an institu tional structure should take to best
facilitate transboundary aquif er management. N everth eless, it is clear that it n eeds to be
context-spec ific and b ased on th e hydro geologic al, socio- economic, polit ical and cultural
aspects with in the countries involved. Crucial for success of the institutionalisation is that
the proc ess is bas ed on trust and mu tual b en efits.

It is often said that th e large number and dispers ed nature of ground water users compli-
cate monito ring of groundwater use and rule comp lianc e. H enc e, b ecaus e of this lack of
‘hard ’ monitorin g possibilit ies, good groundwater management is primarily d ep end ent on
the ‘soft ’, non-bindin g influ encing of the beh aviour of those us ers. Th e same is tru e for
transboundary groundwater man agement and institut ional arrangemen ts. Th ey wil l only
be  eff ective  as  long  as  the  p eople  are  wi lling  to  adh ere  to  the  ru les.  The  TBA map on  the
front page is on e of th e means to rais e awareness and influenc e b ehaviour.

http://www.isarm.net.
http://untreaty.un.org/ilc/reports/2008/2008report.htm.
http://www.inweb.gr
http://dinaric.iwlearn.org
mailto:info@igrac.net
http://www.igrac.net
http://www.isarm.net
http://www.igrac.net,
http://www.inweb.gr/index.php?option=com_aquifers_db,

