Groundwater Resources of the World

60° w. G. 40° 120° 00° 80' 60° 40 20 0 20 40°
e - s

100 20

60 80' 20 140 160° e. G. 18( _
igrac, &3
P LT @ CROC W
e SRS

= 0 Pt T E
- - i ﬁh’rg"’l LKIVERSITAT

AL BLAIN

=
€

CogM
CouW

IAEA

. =
Kara Sea B
_ 3

K East ™-Siberian Sea

eruront Bay

%, ¥ Sea of
b ) 52 e : 3 A |
A s !

- ) Okhotsk
y : %

¥ g : - ‘ ' v
gesed B, "N e U
o L ' by 1 L ¥ 3 ) - / S s =< ol &g Vet N,

= o
g

v P ' ORI : N W el | ‘ \

5 7 _ : 3 11 =3 » % S ; , : ' ! = . B '\..‘ %
-:- = ‘ = o 3 ‘ /iﬁ 4 / . z F © Med/ierawe||av < / [ | ' = . = 2 : e Soch ] 25 SNG w:r‘/rm’w..q o ¥ -

-' I.,". £ 3 j {\3 Q / 3 ’ ‘ ©. Tipoll p 5 ‘. - ; ; _ ; ¢ 1

i

-

'Santo Domingd’ -

§ . | ; § ST ' 3 3 \ - 7;7 ! ! I
| e | . Y| ATLANTICUL [-Ee =\ g S LA A e Woaeh,

Bay
q of Bengal
| | | | {

, | A S , High Uas oL // T e e -‘ .- usasi s i e

\ Sea A | [ |
N A5y / g b
¢ T - Lon

" Aoidn ® S . : . 1 : : X
| kS < - TR ‘
B Gulf ] M 0 |
| | ‘
o |E r | | |

; : B : ‘ ANE . Rjé" ! I'| I'!

) ( of Guinea | Equator
| | - 1
|

I ND I AN

Auckland

TasmansSes

Scale 1:25000 000

= © BGR Hannover/ UNESCO Paris 2008. All rights reserved.
Printed by: Oeding Druck GmbH, Braunschweig, Germany

Mean Annual Precipitation (1 961 - 1990) - Population Density (2000) WHYMAP and the Groundwater Resources Map of the World 1 : 25 000 000
@ o apar Legend
- Within the past decades the interest in groundwater has increased considerably due to water shortage problems on Groundwater resources frequently sustain important wetland ecosystems. Therefore, wetlands with a surface larger
local, regional and even global levels. In order to support the sustainable management of groundwater resources, it is than 500 hectares which are supposed to be groundwater related have been abstracted from the existing data base
necessary to map, model and quantify the stored volume and the average annual replenishment, and to determine listing wetlands according to the RAMSAR convention (www.wetlands.org/rsis).
the chemical quality of groundwater. Therefore, the World-wide Hydrogeological Mapping and Assessment Rising demands from population growth and food production are calling for a closer look at the use of groundwater. Groundwater resources and recharge (mm/year)
Programme (WHYMAP) was created in 1999 as a contribution to the world-wide efforts to improve the management Therefore, known areas of heavy groundwater abstraction prone to over-exploitation and areas of groundwater mining
of the earth's water resources including groundwater. are mapped. Cities shown on the map (mostly those with a population estimated at more than 1 million inhabitants in veryhigh o e medium o Y, low
WHYMAP is a joint programme of the United Nations Educational, Scientific and Cultural Organization (UNESCO), 2005 according to the United Nations Department of Economics and Social Affairs) known to have at least 25 % of
the Commission for the Geological Map of the World (CGMW), the International Association of Hydrogeologists (IAH), the total water consumption supplied by groundwater have been identified by a special symbol. - in major groundwater basins
the International Atomic Energy Agency (IAEA) and the German Federal Institute for Geosciences and Natural Groundwater quality is an important issue for the use of groundwater such as drinking water supply and irrigated food
Resources (BGR). production. Areas where salinity of groundwater regionally exceeds 5 g/l are highlighted by orange hatching. in areas with
It aims at collecting, compiling and visualising hydrogeological information at a global scale, to convey groundwater complex hydrogeological structure
related information in an appropriate way for the global discussion on water issues and to give recognition to invisible The global Groundwater Resources Map contains only selected information related to groundwater. For reasons of
| underground water resources. WHYMAP brings together the huge efforts in hydrogeological mapping, at regional, clarity and readability important complementary information has been deferred to a set of four insert maps at the in areas with local and shallow aquifers
| national and continental levels. BGR, together with the partners above, is gradually building up a geographic scale of 1 : 120 000 000 (see left). These thematic maps highlight the issues of "Mean Annual Precipitation”, "River
| information system (WHYMAP GIS) in which the groundwater data are managed and visualised. Basins and Mean Annual River Discharge", "Population Density" and "Groundwater Recharge per Capita".
| Comparison between the main Groundwater Resources Map and the four thematic small-scale maps should help to
\ This Groundwater Resources Map of the World at the scale of 1 : 25 000 000 is a result of WHYMAP and combines understand the global picture of groundwater and surface water resources and provide insight into their pressures, in
the related data known or published so far. It shows various characteristic groundwater environments in their areal particular the priority use for drinking purposes. Essential geographic differences are revealed over the globe in the
extent: blue colour is used for large and rather uniform groundwater basins (aquifers and aquifer systems usually in distribution and amount of rainfall, the most important input factor for both, surface water flow and groundwater Special groundwater features
large sedimentary basins that may offer good conditions for groundwater exploitation), green colour areas have replenishment. The latter is mirrored in the main map by various colour shades. The rainfall map is based on data
complex hydrogeological structure (with highly productive aquifers in heterogeneous folded or faulted regions in close from the Global Precipitation and Climate Centre (GPCC) in Offenbach, Germany. To highlight the surface water
vicinity to non-aquifers), and brown colour symbolises regions with limited groundwater resources in local and shallow situation, a map of major active water basins (surface water catchment areas) has been provided by the Global Runoff : . .
aquifers. Data Centre (GRDC)Jin Koblenz, Germany. In addition, the surface water courses and lakes have been classified @ area of saline groundwater (> 5 g/l total dissolved solids (TDS))
Within the three main hydrogeological units up to five different categories are defined according to their modelled according to their mean annual discharge. This picture complements with the main map, particularly in the dry regions
recharge rates from over 300 mm to less than 2 mm per year. Dark colours (dark blue, green and brown) represent of the world, where no surface water is available but luckily some of the biggest aquifer systems are located. . . . .
; : g areas with very high recharge rates while light blue, green and brown colours outline regions with very low recharge Population density also varies largely on earth and is a key factor for the broad variation of water demand on the © natural groundwater discharge area in arid regions
Scale 1:120 000 000 e LT TR Y R TP UL e s : Scale 1:120 000 000 potential. The latter category is vulnerable to groundwater mining. Groundwater recharge rates refer to the period continents. This information combined with the amount of groundwater recharge modelled by Doell et al. (2006)
1961 - 1990 and are derived from simulations with the global hydrological model WaterGAP, version 2.1f, provided by provides categories of mean annual groundwater recharge per capita. On this map, large countries have been . ) } o
Precipiation in mmiyear Population in personsikm? Sources: the University of Frankfurt/Main, Germany (Doell et al., 2006). subdivided into individual sub-regions or states, if this was appropriate or known, to highlight the regional variation. <« area of heavy groundwater abstraction with over-exploitation
Source: gg&e’dgﬁm;:;ﬁz?;*éiﬁlﬁlﬂ!ﬁgﬁgf Aspects of hydrodynamic conditions are addressed by outlining areas of groundwater discharge in arid zones (e.g. Further information will be provided in a corresponding explanatory booklet to be published soon.
| s | Gridded Precipitation Normals Data Set, e | Network (CIESIN), Columbia Universy; endorheic basins or "chotts" and "sebkhas"). See also: www.whymap.org
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- . . . . — selected wetland, mostly groundwater related
BGR River Basins and Mean Annual River Discharge (1961 - 1990) {mn - Groundwater Recharge (1961 - 1990) per Capita (2000) a P )
e byt . = 5 L repared by Topographic base map
Wilhelm Struckmeier and Andrea Richts (Chief Editors), CGMW / UNESCO (2000): Geological Map of the World 1 : 25 000 000, 2nd edition
lan Acworth, Giuseppe Arduino, Emilia Bocanegra, Philip Commander, UN (2006): Cartographic Data Surface water Geography and Climate
William Cunningham, Petra Déll, Abdallah Droubi, Nelson da Franca, ESRI (2006): Data & Maps
Wilfried Gilbrich, Jan Girman, Jac van der Gun, Jean Margat, NASA / USGS (2006): Shuttle Radar Topography Mission (SRTM30) A major river . selected city
/ Dominique Poitrinal, Shaminder Puri, Alfonso Rivera, GRDC (2007): Rivers & Lakes
Mohamed Safar-Zitoun, Slavek Vasak, Jaroslav Vrba, Peter Winter, . selected city,
Markus Zaepke, Han Zaisheng and Igor Zektser modified by BGR (2007/2008) ’ large freshwater lake partly depen;ﬁent on groundwater
large saltwater lake
[ | \ [ \ Under the auspices of Map projection 5 g country boundary
| T 1 I | UNESCO / IHP Andras Sz6ll6si-Nagy and Alice Aureli Robinson projection, longitude of central meridian 11°E, Q continuous ice sheet s boundary of continuous permafrost
| | | UNESCO / IGCP Robert Missotten spheroid WGS84, geographic coordinates
. BGR Hans-Joachim Kumpel and Wilhelm Struckmeier
| CGMW Jean-Paul Cadet and Philippe Rossi
\ IAEA Pradeep Aggarwal and Andy Garner
IAH Stephen Foster and Jiri Krasny Disclaimer
The designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever GROU N DWATE R RESOU Rc Es OF TH E Wo RLD 1 " 25 000 000
\ The WHYMAP initiative has been supporled by the IHP Council o.n the part of lhelz Secre'arilat of the Uniteq Nations qr the WHYMAP Cor\sorlium conoe'ming the legal status of any country, territory,
within the framework of the IHP VI programme (2002-2007). ?rlr:y or area or of |§s authorities, qr concemu?g the delimitation of its 1mn$|ers or boundaries. . v extracted from:
!s m?p was denved. and compiled from d!sparale.sources of information. The \{VH.\(MAF Consorlu.Jm gives no warranty, expressed World-wide Hydrogeological Mapping and Assessment Programme (WHYMAP) www.whymap.org
) or implied, to the quality or accuracy of the information supplied and accepts no liability whatsoever in respect of loss, damage,
Mean river discharge in km®/year g N 3 | I v Scale 1:120 000 000 Scale 1:120 000 000 injury or other occurrences however caused.
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— -0 mmmm 2000-2000 Noan v ischargs calultod ith WoterGAP 2.1, . . L comybouday liigteliip bl esor BGR Uta Philipp, Andrea Richts system of any nature without the prior written permission of BGR and UNESCO. ] b=
Universities of Frankfurt/Main and Kassel 2007; Center for Intemational Earth Science Information Network:
BN 100-500 EEEEE  >3000 [ major river basin [ land area with minor or inactive river basins Rivers and lakes by GRDC & WHYMAP 2007 0 250 500 1000 1500 3000 10000 no data (CIESIN) 2005




