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;‘ Preface

The Global Environment Facility (GEF) approved a Full Size Project (FSP), “A Transboundary Waters Assessment
Programme: Aquifers, Lake/Reservoir Basins, River Basins, Large Marine Ecosystems, and Open Ocean to catalyze
sound environmental management”, in December 2012, following the completion of the Medium Size Project (MSP)
“Development of the Methodology and Arrangements for the GEF Transboundary Waters Assessment Programme”
in 2011. The TWAP FSP started in 2013, focusing on two major objectives: (1) to carry out the first global-scale
assessment of transboundary water systems that will assist the GEF and other international organizations to
improve the setting of priorities for funding; and (2) to formalise the partnership with key institutions to ensure that
transboundary considerations are incorporated in regular assessment programmes to provide continuing insights on
the status and trends of transboundary water systems.

The TWAP FSP was implemented by UNEP as Implementing Agency, UNEP’s Division of Early Warning and Assessment
(DEWA) as Executing Agency, and the following lead agencies for each of the water system categories: the International
Hydrological Programme (IHP) of the United Nations Educational, Scientific and Cultural Organization (UNESCO) for
transboundary aquifers including groundwater systems in small island developing states (SIDS); the International
Lake Environment Committee Foundation (ILEC) for lake and reservoir basins; the UNEP-DHI Partnership — Centre on
Water and Environment (UNEP-DHI) for river basins; and the Intergovernmental Oceanographic Commission (10C) of
UNESCO for large marine ecosystems (LMEs) and the open ocean.

The five water-category specific assessments cover 199 transboundary aquifers and groundwater systems in 43 small
island developing states, 204 transboundary lakes and reservoirs, 286 transboundary river basins; 66 large marine
ecosystems; and the open ocean, a total of 756 international water systems. The assessment results are organized
into five technical reports and a sixth volume that provides a cross-category analysis of status and trends:

Volume 1 - Transboundary Aquifers and Groundwater Systems of Small Island Developing States: Status and Trends
Volume 2 — Transboundary Lakes and Reservoirs: Status and Trends

Volume 3 — Transboundary River Basins: Status and Trends

Volume 4 — Large Marine Ecosystems: Status and Trends

Volume 5 — The Open Ocean: Status and Trends

Volume 6 — Transboundary Water Systems: Crosscutting Status and Trends

A Summary for Policy Makers accompanies each volume.

Volume 6 presents a unique and first global overview of the contemporary risks that threaten international
water systems in five transboundary water system categories, building on the detailed quantitative
indicator-based assessment conducted for each water category. As a supplement to Volume 6, this global
compendium of water system information sheets provides baseline relative risks at regional and system scales. The
fact sheets are organized into 14 TWAP regions and presented as 12 annexes. Volume 6 and the compendium are
published in collaboration among the five independent water-category based TWAP Assessment Teams under the
leadership of the Cross-cutting Analysis Working Group, with support from the TWAP Project Coordinating Unit.
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,‘ Transboundary Waters: A Global Compendium

The technical teams of the Transboundary Waters Assessment Programme(TWAP) assessed
transboundary aquifers, lakes & reservoirs, river basins, and large marine ecosystems and
prepared information (fact) sheets for water systems that were evaluated. Each fact sheet
provides basic geomorphological information and presents baseline values of quantitative
indicators that were used to establish relative risk levels. The water system fact sheets are
organized into 14 TWAP regions that were used in the Crosscutting Analysis described in
Volume 6. The regional compilations are presented as 11 annexes (A-K) of a global
compendium, combining Southern & Southeastern Asia into one annex (I), and the Pacific
Island Countries, Australia & Antarctica into another (Annex K). Each annex highlights
contemporary regional risks as well as water system-specific risks. The annexes are:

Annex A. Transboundary waters of Northern America

Annex B. Transboundary waters of Central America & the Caribbean
Annex C. Transboundary waters of Southern America

Annex D. Transboundary waters of Eastern, Northern & Western Europe
Annex E. Transboundary waters of Eastern Europe

Annex F. Transboundary waters of Western & Middle Africa

Annex G. Transboundary waters of Eastern & Southern Africa

Annex H: Transboundary waters of Northern Africa & Western Asia
Annex I:  Transboundary waters of Southern & Southeastern Asia
Annex J: Transboundary waters of Eastern & Central Asia

Annex K: Transboundary waters of the Pacific Island Countries, Australia & Antarctica

In the case of the open ocean, which is the largest transboundary water system of planet
earth, selected quantitative indicator maps prepared by the Open Ocean Assessment Team,
are compiled in Annex L to highlight the contemporaneous state of the global ocean.

Annex L: Selected indicator maps for the open ocean

All information sheets and indicator maps for the open ocean may be downloaded individually
from the following websites:

Transboundary Aquifers: http://twapviewer.un-igrac.org
Transboundary Lakes/ Reservoirs: http://ilec.lakes-sys.com/
Transboundary River Basins: http://twap-rivers.org

Large Marine Ecosystems: http://onesharedocean.org
Open Ocean: http://onesharedocean.org

All TWAP publications are available for download at http://www.geftwap.org

Over the long term, it is envisioned that these baseline information sheets will continue to be
updated by future assessments at multiple spatial and temporal scales to better track the
changing states of transboundary waters that are essential in sustaining human wellbeing and
ecosystem health.
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TRANSBOUNDARY WATERS: CENTRAL AMERICA & CARIBBEAN

The region belongs to the
High HDI group with a 2
regional average HDI of
0.716, and a population
reaching 212 million in
2015. Contemporary risks
of water systems by water
category and theme
expressed as percentages
are shown at top right.
Across 41 transboundary
waters in the region
(bottom left), 50%
experience high to highest ,
socioeconomic risk; 97%
are subject to moderate

to highest governance risk; and 66% are threatened by moderate to highest biophysical risk. On average
(bottom right), the region’s transboundary waters are at high socioeconomic risk, and are at moderate
governance and biophysical risks. Aquifers, river basins and LMEs are at moderate risk across risk themes, but
lakes are at high risk.
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Regional Risks by Water Category

Contemporary Risks by Water Category
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Agua Dulce
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9. Merged: 9A.Coesewijne
9B. A-Sand/ B-Sand
10. Pantanal
11. Permo-Carbonifero
12. Titicaca
13. Yrenda-Toba-Tarijefo
14. Zanderij

NV hAWN =

& igrac

United Nations - International
ificand + Hydrological ’7”.-’“\\

GGGGGGGGGGGGGGGG



Groundwater

A
S TWAP

Transboundary Aquifers Information Sheet TRANSBOUNDARY WATERS ASSESSMENT PROGRAMIME

16S - Agua Dulce

Geography Hydrogeology

Total area TBA (kmz): 46 000 Aquifer type: Single layer

No. countries sharing: 3 Degree of confinement: Unconfined

Countries sharing: Bolivia, Brazil, Paraguay Main Lithology: Massive and semi-consolidated
Population: 54 000 sandstone

Climate zone: Tropical Dry
Rainfall (mm/yr): 900

7 Transboundary aquifer
| confirmed aguifer bouncary
Other aquifar(s)

No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (m?) of the complete country
segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.

(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).

(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.

(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National
level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

TWAP Groundwater Indicators from WaterGAP model
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Bolivia 55 35000 -38 -48 2 50 5 0
Brazil 110 23000 -22 -29 32 5 0
Paraguay 66 240 000 -35 -46 53 53 5 0
TBA level 59 48 000 -36 -47 2 50 5 0
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Population density Groundwater development stress
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* Including aquitards/aquicludes

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer description
Aquifer geometry
It is a single-layered, unconfined, aquifer system (information only available from Paraguay).

Hydrogeological aspects

The freshwater aquifers of Cretaceous origin are of granular nature, consisting of red, massive and
poorly sorted sandstone. Some aquifer formations consist of Tertiary age semi-consolidated, fine to
medium, friable sandstone, confined by a layer of plastic clay. The aquifer material has a high primary
porosity and a high horizontal connectivity.

Linkages with other water systems

Groundwater recharge is from precipitation over the aquifer area. No information on the discharge
mechanism was provided.

Environmental aspects

The water abstracted from the aquifer is generally of a very good quality. However, Paraguay reports
that a significant part of the aquifer has an elevated natural salinity and 30% of the area is not
suitable for human consumption. Paraguay also reports that no pollution has been identified and
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importantly, 100% of the aquifer area within the country is covered with groundwater dependent
ecosystems.

Socio-economic aspects
Currently, all of the water abstracted from the aquifer is used to meet the basic needs of the people
located on the aquifer area (consumption, sanitation, irrigated orchards).

Legal and Institutional aspects

There is no specific Transboundary legal agreement between the countries about the Agua Dulce
Aquifer System. However, Paraguay reports on a Transboundary Institution with a full mandate and
full capacity. This needs to be confirmed, seeing it is only reported by one country.

Emerging issues

The shallow, unconfined aquifer system is vulnerable to pollution as well as a high percentage of
groundwater dependent ecosystems appear to be the emerging issues of this system. There are also
no indications of the readiness for groundwater development and management at National level.

Contributors to Global Inventory

Name Organisation Country | E-mail Role

Alberto Manganelli Uruguay | albertomanganelli@yahoo.com Regional coordinator

Daniel Hebert Garcia Secretaria del Ambiente - | Paraguay | daniel.garcia.segredo@gmail.com | Lead National Expert
Segredo SEAM.

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

Only a very superficial description of the TBA system was possible, because neither of the three
aquifer states provided any numerical information.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category Il
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.
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Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography Hydrogeology

Total area TBA (km?): 3 600 000 Aquifer type: Multiple layers hydraulically

No. countries sharing: 7 connected

Countries sharing: Argentina, Bolivia, Brazil, Degree of confinement: Mostly unconfined, but in
Colombia, Ecuador, Peru, Venezuela some parts confined

Population: 18 000 000 Main lithology: Sedimentary rocks - Sandstone

Climate zone: Tropical Wet
Rainfall (mm/yr): 2300

Legend

Transboundary aquifer
[ Confirmed aquifer baundary

|| other aquifer(s)

pii

No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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Argentina 11
Bolivia 6
Brazil 3 D
Colombia 5 D B
Ecuador 7
Paraguay 3
Peru 70 3 D
Venezuela 32 1800 90 0 18 <5 B D
TBA level 5

(1) Recharge: This is the long term average recharge (in ma/yr) divided by the surface area (mz) of the complete country
segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.

(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).

(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.

(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National
level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

TWAP Groundwater Indicators from WaterGAP model

Renewable groundwater per capita > = - - -
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Argentina 49 4900 -18 -39 21 11 4 38
Bolivia 260 46 000 -35 -52 22 57 4 2
Brazil 540 180 000 -17 -21 11 32 23 3
Colombia 640 120 000 -18 -26 17 22 3
Ecuador 510 77 000 -20 -28 32 0
Paraguay 44 21 000 -28 -48 36 42
Peru 520 160 000 -22 -31 18 27 18 9
Venezuela 190 9400 -31 -45 8 21
TBA level 490 92 000 -23 -33 11 26 3
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Population density Groundwater development stress
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Colombia 0 5 23 36 <1 0 0
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Paraguay 0 2 39 77 <1 0 0
Peru 0 3 26 41 <1 0 0
Venezuela 3 20 32 52 <1 0 0
TBA level -1 5 26 44 <1 0 0
Key parameters table from Global Inventory
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*

Including aquitards/aquicludes

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.
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Aquifer description
Aquifer geometry
Only 3 of the 6 TBA countries have provided information for this large aquifer system. It is a multiple-
layered hydraulically connected system. The average depth to the water table is 6m in both Brazil
and Venezuela. The average depth to the top of the aquifer is between 20m and 40m in Brazil and
Venezuela respectively. The thickness of the aquifer system varies between 25m and 400m (greatest
thickness in Brazil). The aquifer is mostly unconfined, but in some parts confined.

Hydrogeological aspects

The Regional Report sums up the aquifer type as Sedimentary: unconsolidated and consolidated
sandstones and clays. In the database Brazil and Peru describe the predominant aquifer lithology as
sedimentary rocks — shale and Venezuela as sediment — sand. The shale lithology appears
inconsistent with the porosity information that is provided, and should be reviewed. Venezuela
reports an average transmissivity of 500m?/d (variation: 200-1500 m?/d). The total groundwater
volume is 80km?® within Venezuela. The average annual recharge into the system within Venezuela is
10 000Mm?>/annum.

Linkages with other water systems

Recharge to the system is from precipitation over the aquifer area (see appendix 1) whereas
discharge is through river base flow and outflow into lakes (in the case of Venezuela) (see appendix
2).

Environmental aspects

Around 10% of the natural groundwater within Venezuela and 30% within Peru are unsuitable for
human consumption but the main cause is not recorded. Venezuela reports that this is only within
the superficial layers. Some anthropogenic pollution has been identified within Brazil, Peru, and
Venezuela where it is only over the superficial layers. It is due to diverse causes including urban,
industrial, agricultural and mining activities. The natural water quality is good but, the aquifer has
high vulnerability in several points where the water table is close to the surface. Within Venezuela
40% of the aquifer has shallow groundwater whereas this increases to 70% within Peru. Only
Venezuela reports on the aquifer area covered with groundwater dependent ecosystems, very high
at 70%.

Socio-economic aspects

The exploitation of the aquifer system varies widely between countries. Indications are that, in
general, the level of use of the aquifer system is still moderate and no problems have been detected
in this regard. In general the largest use is for public supply and domestic use, except in Venezuela
where the highest use is for irrigation (70%). This country reports an average groundwater
abstraction of 23 Mm3/annum.

Legal and Institutional aspects

There is no common reporting under this point. Venezuela reports on a ratified Multi-lateral
Agreement with limited scope. The River Basin agreement (Tratado de Cooperacion Amazdnica -
Bolivia, Brasil, Colombia, Ecuador, Guyana, Perud, Suriname and Venezuela) can provide the basis for
future agreements for joint management of groundwater.

Emerging issues

The high vulnerability of the shallow aquifer system to pollution appears as an emerging issue. Closer
attention also needs to be paid to the conservation of groundwater dependent ecosystems.
Reporting has been poor in this important international system and this needs to be addressed in all
countries.

o
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Contributors to Global Inventory

Calandieli

Meteorologia e
Hidrologia - INAMEH

Name Organisation Country E-mail Role
Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Antonio Calazans Reis | Ministério do Meio Brazil antonio.miranda@mma.gov.br | Contributing national
Miranda Ambiente expert
Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert
Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente
Ana Karina Campillo Instituto de Hidrologia, Colombia acampillo@ideam.gov.co Contributing national
Pérez Meteorologia y Estudios expert
Ambientales - IDEAM
Nelson Omar Vargas Instituto de Hidrologia, Colombia nvargas@ideam.gov.co Lead National Expert
Martinez Meteorologia y Estudios
Ambientales - IDEAM
Marko Castafieda Autoridad Nacional del Peru mcastaneda@ana.gob.pe Contributing national
Zumaeta Agua expert
Carmen Rosa Autoridad Nacional del Peru cchamorro@ana.gob.pe Contributing national
Chamorro Bellido Agua expert
Julio Chunga Autoridad Nacional del Peru jchunga@ana.gob.pe Contributing national
Agua expert
Manuel Celestino Instituto Nacional De Venezuela | mfiguera@inameh.gob.ve Contributing national
Figuera Meteorologia e expert
Hidrologia - INAMEH
Sherley Fernandez Instituto Nacional De Venezuela | sfernandez@inameh.gob.ve Contributing national
Meteorologia e expert
Hidrologia - INAMEH
Fernando Alberto Instituto Nacional De Venezuela | fdecarli@inameh.gob.ve, Lead National Expert
Decarli Rodriguez Meteorologia e fdecarli@hotmail.com,
Hidrologia - INAMEH fdecarlira@gmail.com
German Zerpa Instituto Nacional De Venezuela | gzerpa@inameh.gob.ve Contributing national

expert

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

Only 3 of the 6 TBA countries have provided information. This information was also inconsistent and
did not allow for an adequate description of this large aquifer system. Only Venezuela provided some
guantitative information that allowed calculation of indicators.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.
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Appendix 1: 13S

Sistema Acuifero Transfronterizo Amazonas
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Appendix 2: 13S

| Legend
— Groundwater flow
Transboundary aquifer

D Confirmed aquifer boundary
[/ Other aquifer(s)

| Others symbols
Rivers

Lakes

Political Borders

Regional location of aquifer

R

Showing an area with the main Groundwater Flow directions

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category Il
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME
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References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography
Total area TBA (kmz): 27 000
No. countries sharing: 2

Countries sharing: Brazil, Paraguay

Population: 200 000

Hydrogeology
Aquifer type: Multi-layered
Degree of confinement: Semi-confined

Main Lithology: Cemented and un-cemented
sandstone, sedimentary rocks - shales

Climate zone: Humid Subtropical

Rainfall (mm/yr): 1 400

Legend
— | Transboundary aquifer

" Confrmed aquifar boundary
{ '-7 7: | Other aquifer(s)

- | Others symbols

Rivers

Lakes

Political Borders
TBA Location

Regional location of aquifer

RE

No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (mz) of the complete country
segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.

(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).

(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.

(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National
level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

TWAP Groundwater Indicators from WaterGAP model
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Key parameters table from Global Inventory
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TBA level

* Including aquitards/aquicludes
X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer description
Aquifer geometry
It is a multi-layered aquifer system that is entirely semi-confined. The depth to the top of the aquifer
is 150 m and average thickness of the aquifer system is 300 m (within Brazil).

Hydrogeological aspects

Although the sedimentary sequence is dominated by a sandstone facies, the aquifer has a low
potential for storage and for the supply of water. This characteristic is related to the occurrence of
thick packages of cemented sandstones, clayey facies intercalated with sandstone packages and the
presence of a clay matrix within the un-cemented sandstones. In the areas of cemented sandstone,
the aquifer behaves as a fractured system, where the storage and supply of groundwater is related to
fault planes and fractures, with a low hydrogeological potential. The wide diversity in vertical
succession of facies interferes with the porosity of the aquifer. Generally the system has a low
primary porosity with secondary porosity fractures. This is characterised by a low horizontal and a
higher vertical connectivity. No information was recorded on groundwater recharge or discharge
mechanisms.

Linkages with other water systems
No information was provided.

Environmental aspects

No information on the natural groundwater quality was recorded. The main sources of
anthropogenic groundwater pollution are diffuse sources such as the application of pesticides in
agriculture, and point sources, such as disposal of untreated industrial effluents and improper
disposal of waste (Brazil).

Socio-economic aspects
The main groundwater use is for household and drinking water supply.

Legal and Institutional aspects
There is no specific legal Transboundary Agreement between the countries in place with regard to
this aquifer system. Brazil reports on a National Institute with a full mandate and capacity.
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Emerging issues
Pollution from a variety of sources appears to be an emerging issue.

Contributors to Global Inventory

Name Organisation Country E-mail Role

Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Antonio Calazans Reis | Ministério do Meio Brazil antonio.miranda@mma.gov.br | Contributing national
Miranda Ambiente expert

Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert

Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

Only one country has provided very limited numerical information, thus only allowing a very
superficial description of the TBA.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category Il
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.
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- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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5S - Boa Vista-Serra do Tucano-North Savanna

Geography Hydrogeology
Total area TBA (km?): 22 000 Aquifer type: Multiple layers hydraulically

No. countries sharing: 2 connected

Countries sharing: Brazil, Guyana Degree of confinement: Mostly unconfined

Population: 280 000 Main Lithology: Arkosic sandstones, conglomerates

Climate zone: Tropical Dry and siltstones

Rainfall (mm/yr): 1500

Boa Vista-Serra do Tucano-North Savanna
o B Legend

| Transboundary aquifer
| E Confirmed aguifer boundary

| "7 Other aquifer(s)

Others symbols
k Rivers

——— Political Borders
E TBA Location

Regional location of aquifer
K]

R

No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (mz) of the complete country
segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.

(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).

(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.

(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National
level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

TWAP Groundwater Indicators from WaterGAP model
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Key parameters table from Global Inventory
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* Including aquitards/aquicludes
X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer description

Aquifer geometry
It is a multi-layered hydraulically connected system that is mostly unconfined, but some parts are
semi-confined.

Hydrogeological aspects

Although consisting of potentially porous sedimentary rocks, the primary porosity is reduced, due to
cementation of pores, behaving thus as an aquifer with characteristics of secondary porosity:
dissolution. It also has a low horizontal and vertical connectivity.

Linkages with other water systems
Precipitation over the aquifer (see appendix) is mentioned as the main recharge mechanism, but
there is no mention of the discharge mechanism.

Environmental aspects

There appear to be some problems with some elevated natural salinity in Brazil but the extent
thereof was not recorded. Brazil reports some pollution from households and municipalities. Human
consumption in urban areas generally is limited due to the high natural vulnerability (the aquifer has
a shallow water table) and the high potential for contamination from poorly constructed wells, and
the absence of or the poor protection and lack of basic sanitation, particularly in the urban areas.

Socio-economic aspects
The main use is for human supply, although there is an increasing use for agriculture.

Legal and Institutional aspects
There is no legal agreement between the countries. Brazil reports on a National Institution with a full
mandate but limited capacity.

Emerging issues
The high pollution risk of the shallow aquifer system as well as pollution sources of household and
municipal origin appears to be the emerging issues.
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Contributors to Global Inventory

Name Organisation Country E-mail Role

Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Antonio Calazans Reis | Ministério do Meio Brazil antonio.miranda@mma.gov.br | Contributing national
Miranda Ambiente expert

Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert

Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

Only a very superficial description of the TBA system was possible, because neither of the two

aquifer states provided any numerical information.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Appendix: 55 Boa Vista-Serra do Tucano-North Savanna: Location of recharge and protection zones
Sistema Acuifero Transfronterizo Boa Vista-Serra do Tucano-North Savanna
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Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category Il
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography

Total area TBA (kmz): 34 000

No. countries sharing: 2

Countries sharing: Brazil-French Guiana
Population: 600 000

Climate zone: Tropical Wet

Rainfall (mm/yr): 2900

Hydrogeology

Aquifer type: Single-layered

Degree of confinement: Unconfined

Main Lithology: Alluvial sediments, sandstones

Costeiro_

Legend

Transboundary aquifer
[ Confirmed aquifer boundary

[ Other aquifer(s)

Others symbols

Rivers

Lakes

| — Political Borders
| E TBA Location

Regional location of aquifer

T

No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (mz) of the complete country

segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.
(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).
(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.
(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National

level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

TWAP Groundwater Indicators from WaterGAP model

Renewable groundwater per capita
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Population density Groundwater development stress
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* Including aquitards/aquicludes

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer description

Aquifer geometry
It is a single-layered system that is unconfined over the whole aquifer area.

Hydrogeological aspects

The main aquifer lithology is composed of alluvial sediments that are semi-consolidated to
unconsolidated.

Linkages with other water systems
No information was provided — (see Recharge zone map in the Appendix below)

Environmental aspects
The natural groundwater quality is good, but the aquifer is highly vulnerable to pollution. Within

Brazil problems with natural salinity and the risk of pollution from households and municipalities is
experienced.

Socio-economic aspects

This aquifer is used for human water supply. Production wells have yields varying from 20 to 200
m3/h.
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Legal and Institutional aspects

Within Brazil a full-scale signed Agreement exists (Tratado de Cooperacidn Amazénica, 1978). Brazil
also reports on the National Institution that has a full mandate but with limited capacity.
Groundwater abstraction, groundwater quality protection, and drilling control are undertaken
according to existing legislation but in practice this is with limited application/ implementation/ and
enforcement.

Emerging issues
A vulnerable aquifer system and the risk of pollution from households and municipalities appear to
be the emerging issues.

Contributors to Global Inventory

Name Organisation Country E-mail Role

Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Antonio Calazans Reis | Ministério do Meio Brazil antonio.miranda@mma.gov.br | Contributing national
Miranda Ambiente expert

Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert

Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

The TBA system could only be described very superficially, because both TBA countries did not
provide any numerical information.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.
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Appendix: 9S

Sistema Acuifero Transfronterizo Costeiro

9S BR-GF
] Mapa 9S Ubicacién-Recarga y Zonas Protegidas

=

3 z z z z
aintLaurent g 2 2 2
: 2y g ] 5 2 2
= ooy
FO0rN 2 i,
B b3
£
I.'
4" 00'N /

Océano Atlantico

LEYENDA
M Limite paises Hipsografia (msnm)
(‘2‘/"&: Limite del Sistena Acuifero [=0- 750

®  Ciudades [ 400 - 500

[ 300 - 400
N Rios [ 200 - 300
&:ﬁﬁ) Zona de Recarga %:i:ﬁ
7= Cuerpos de agua [ 1s0-100
- [e-=0
Zonas Protegidas
Map indicating recharge and protection zones
Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category Il
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.
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For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography

Total area TBA (kmz): 76 000

No. countries sharing: 3
Countries sharing: Brazil, Guyana,
Venezuela

Population: 57 000

Climate zone: Tropical Dry
Rainfall (mm/yr): 2400

Hydrogeology
Aquifer type: Multiple layers hydraulically
connected

Degree of confinement: Mostly semi-confined,
some parts unconfined

Main Lithology: Sandstones, tuffs and siltstones

— | Transboundary aquifer
~ J D Confirmed aquifer boundary

77| other aquifer(s)

Others symbols
Rivers
Lakes
—— Political Borders
| [2] T8ALocation

Regional location of aquifer
&)

No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (m?) of the complete country

segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.
(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).
(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.
(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National

level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

TWAP Groundwater Indicators from WaterGAP model

Renewable groundwater per capita
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Population density Groundwater development stress
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*

Including aquitards/aquicludes

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer geometry

It is a two layered, hydraulically connected system that is mostly semi-confined, but some parts are
unconfined (Venezuela).

Hydrogeological aspects

Although consisting of potentially porous

Linkages with other water systems

Recharge is from runoff into the aquifer area (see appendix), whereas the discharge mechanism is
through groundwater flow into another aquifer.

Aquifer description

sedimentary

rocks

(arkosic sandstones,

tuffs,
paleoproterozoic conglomerates and siltstones), the primary porosity is reduced, due to cementation
of pores, behaving thus as an aquifer with intergranular/fractured characteristics. It is characterised
by a low to high horizontal and a high vertical connectivity.
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Environmental aspects

Some of the natural groundwater within Venezuela does not meet drinking water standards within
the superficial layers but the exact cause was not recorded. There is some superficial anthropogenic
pollution from mining activities and from households and municipal activities but this was not
guantified. The main results are excessive amounts of nitrates, pathogens and heavy metals.

Socio-economic aspects

The amount of groundwater abstraction and fresh water use over the aquifer area has not been
recorded. However, intakes of groundwater for indigenous communities and for mining are
mentioned in the Regional Report, which are not recorded on the data base and need to be
addressed, because of their importance.

Legal and institutional aspects

Brazil and Venezuela report on an existing Multi-lateral Agreement. Both countries also make
mention about National Institutions that have a limited capacity. Within Venezuela groundwater
quality protection and drilling control is done according to law/ regulations and measure are also
applied in practice. Within both Brazil and Venezuela groundwater abstraction control is in place but
with limited application, implementation, and enforcement.

Emerging issues
The development of groundwater resources for indigenous communities and potential pollution
from mining activities appear to be emerging issues.

Contributors to Global Inventory

Name Organisation Country E-mail Role
Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Antonio Calazans Reis | Ministério do Meio Brazil antonio.miranda@mma.gov.br | Contributing national
Miranda Ambiente expert
Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert
Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente
Fernando Alberto Instituto Nacional de Venezuela | fdecarli@inameh.gob.ve, Lead National Expert
Decarli Rodriguez Meteorologia e fdecarli@hotmail.com,
Hidrologia (INAMEH) fdecarlira@gmail.com
Sherley Fernandez Instituto Nacional de Venezuela | sfernandez@inameh.gob.ve Contributing national
Meteorologia e expert
Hidrologia - Inameh
Manuel Celestino Instituto Nacional de Venezuela | mfiguera@inameh.gob.ve Contributing national
Figuera Meteorologia e expert
Hidrologia - Inameh
German Zerpa Instituto Nacional de Venezuela | gzerpa@inameh.gob.ve Contributing national
Calandieli Meteorologia e expert
Hidrologia - Inameh
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Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,

including references to data from other sources.

Only a very superficial description of the TBA system was possible, because neither of the two

aquifer states provided any numerical information.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Appendix: 4S

Sistema Acuifero Transfronterizo Grupo Roraima

4S BR-GY-VE
Mapa 4S Ubicacion-Recarga y Zonas Protegidas
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Grupo Roraima: Location of recharge and protection zones
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Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography

Total area TBA (km”?): 42 000

No. countries sharing: 2
Countries sharing: Brazil, Uruguay
Population: 2 600 000

Climate zone: Humid Subtropical
Rainfall (mm/yr): 1300

Hydrogeology

Aquifer type: Multiple layers hydraulically
connected

Degree of confinement: Mostly semi-confined,
some parts unconfined

Main Lithology: Sandstone and shale

| Legend

| Transboundary aquifer
D Confirmed aquifer boundary
V| Other aquifer(s)

4 Others symbols

Rivers

Lakes

Folitical Borders
[] TBALocation

Regional location of aquifer
v El

%4

No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (mz) of the complete country

segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.
(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).
(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.
(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National

level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

TWAP Groundwater Indicators from WaterGAP model
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Key parameters table from Global Inventory
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High
primary
Whole Sedimentary | porosity No
5 . ) .
Brazil aquifer rocks fine secondar
unconfined | Sandstone medium porosity
sedimentary
deposits
Aquifer High
mostly primary
semi- Sediment porosity No
Urugua 5 confined, fine secondar 400
Sand
but some medium porosity
parts sedimentary
unconfined deposits
TBA level

* Including aquitards/aquicludes
X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer description
Aquifer geometry
It is a two layered, hydraulically connected, aquifer system. The aquifer is mostly semi-confined, but
some parts are unconfined (Brazil). The average depth to the groundwater table is 5m within
Uruguay.

Hydrogeological aspects

The aquifer system consists of shale and sand, with a grain size of fine to medium, with high primary
porosity, with no secondary porosity and a low horizontal and vertical connectivity. The average
value for transmissivity is 400 m?/d within Uruguay that also reports a total groundwater volume of
43 000 km? (figure needs to be checked).

Linkages with other water systems
Recharge is from precipitation over the aquifer area, whereas discharge to springs is the main
mechanism that is reported in the case of Uruguay.

Environmental aspects

A significant part of the aquifer is unsuitable for human consumption due to elevated natural salinity.
Some pollution has been identified in Brazil (households, municipalities and agricultural practices)
but areal extent has not been specified. The most vulnerable areas are where the aquifer is
unconfined. It is also a coastal aquifer, with the consequent risk of salinization.

Socio-economic aspects

Water quality generally allows most uses, with human supply being the largest user. Private wells
also draw water but in amounts that do not compromise the functioning of the aquifer. Uruguay
reports a groundwater abstraction of 0.8Mm?3/annum.
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Legal and Institutional aspects

There is no specific Transboundary legal agreement between the countries. Both countries have

national groundwater institutions with a full mandate, but still with limited capacity.

Emerging issues

Vulnerability of the very shallow unconfined aquifer to pollution appears to be the main issue at
present. Sea water intrusion must also be guarded against.

Contributors to Global Inventory

Name Organisation Country E-mail Role
Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert
Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente
Antonio Calazans Reis | Ministério do Meio Brazil antonio.miranda@mma.gov.br | Contributing national
Miranda Ambiente expert
Lourdes Batista Ruiz Direccion Nacional de Uruguay Ibatista@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Natalia Cabrera Direccion Nacional de Uruguay ncabrera@mvotma.gub.uy Contributing national
Laborde Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Daniel Gonzalez Pérez | Direccién Nacional de Uruguay dinagua@mvotma.gub.uy Lead National Expert
Aguas-Ministerio de
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Ximena Lacués Parodi | Direccién Nacional de Uruguay xlacues@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Andrés Pérez Pablo OSE Uruguay aperez@ose.com.uy / Contributing national
Decoud pdecoud@yahoo.com expert
Luis Reolon Direccion Nacional de Uruguay luis.reolon@mvotma.gub.uy Contributing national

Medio Ambiente-
Ministerio de Vivienda,

Ordenamiento Territorial

y Medio Ambiente

expert
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Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

Both countries only provided very limited numerical information, thus only allowing for a superficial
description of the TBA.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography

Total area TBA (km?): 33 000

No. countries sharing: 2

Countries sharing: Argentina, Uruguay
Population: 410 000

Climate zone: Humid Subtropical
Rainfall (mm/yr): 1100

Hydrogeology
Aquifer type: Multiple- to single-layered

Degree of confinement: Confined to semi-confined

Main Lithology: Sandstone and silt
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No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (mz) of the complete country
segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.

(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).

(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.

(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National
level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Key parameters table from Global Inventory
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* Including aquitards/aquicludes
X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.
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Aquifer description
Aquifer geometry
This aquifer is a multiple-layered hydraulically connected system in Argentina and a single layer
system in Uruguay. The average depth to the water table varies between 13m and 40m. The average
depth to the top of the aquifer varies between 25m and 60m whereas the average thickness of the
aquifer system varies between 65m and 70m. The aquifer is mostly confined to semi-confined.

Hydrogeological aspects

The aquifer lithology consists of conglomeratic sandstones, fine to medium at the base, with
interbedded silt, near the top. It has a high primary porosity with secondary-dissolution porosity that
seems to occur only in Uruguay. It has a low to high horizontal connectivity and a high vertical
connectivity. The groundwater flow direction is from east to west. The average transmissivity varies
between 42 — 53m?/d. The surface outcrop occurs in the territory of Uruguay, where the recharge,
that is 100% through natural causes, occurs.

Linkages with other water systems
Recharge is from precipitation over the aquifer area where it outcrops and through infiltration from
surface water. Discharge is by means of groundwater flow into another aquifer.

Environmental aspects

In terms of natural water quality, a significant part of the aquifer in Uruguay is unsuitable for human
consumption due to elevated levels of fluorides and arsenic. In Argentina around 4% of the aquifer
area within the surficial layers are affected by natural salinity. Groundwater pollution has been
identified in both countries, in Argentina from municipalities and agricultural practices but only in
surficial layers, whereas in Uruguay a significant part of the aquifer has been impacted. No
information on shallow groundwater and groundwater dependent ecosystems has been recorded.

Socio-economic aspects
The total groundwater abstraction during 2010 from the aquifer on the Uruguay side was 12Mm°,
with agriculture being the highest user.

Legal and Institutional aspects
There is no specific Transboundary legal agreement between the countries. Both countries make
mention of a National Institution with a full mandate, but with limited capacity.

Priority issues
Water quality appears to be a priority issue, both from a natural quality point of view and as a result
of pollution. This needs to be addressed by the National Institutions.

Contributors to Global Inventory

o

Name Organisation Country E-mail Role
Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Veronicaq del Carmen | Facultad de Ingenieriay | Argentina | musavero@yahoo.com.ar Contributing national
Musacchio Ciencias Hidricas. expert
Universidad Nacional del
Litoral.
Ofelia Clara Facultad de Ingenieriay | Argentina | ofeliatujchneider Lead National Expert
Tujchneider Ciencias Hidricas.
Universidad Nacional del
Litoral.
[ ]
Igrac
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Name Organisation Country E-mail Role
Ximena Lacués Parodi | Direccion Nacional de Uruguay xlacues@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Lourdes Batista Ruiz Direccion Nacional de Uruguay Ibatista@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Natalia Cabrera Direccion Nacional de Uruguay ncabrera@mvotma.gub.uy Contributing national
Laborde Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Daniel Gonzalez Pérez | Direccién Nacional de Uruguay dinagua@mvotma.gub.uy Lead National Expert
Aguas-Ministerio de
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Andrés Pérez Pablo OSE Uruguay aperez@ose.com.uy / Contributing national
Decoud pdecoud@yahoo.com expert
Luis Reoldn Direccion Nacional de Uruguay luis.reolon@mvotma.gub.uy Contributing national

Medio Ambiente-
Ministerio de Vivienda,
Ordenamiento Territorial
y Medio Ambiente

expert

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

An adequate aquifer description was possible, because three of the four aquifer states reported. The
information was not sufficient to calculate the groundwater indicators.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category Il
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.
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For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography Hydrogeology
Total area TBA (km®): 450 000 Aquifer type: Multiple layers hydraulically
No. countries sharing: 4 connected

Countries sharing: Argentina, Brazil, Paraguay,
Uruguay

Population: 16 000 000

Climate zone: Humid Subtropical

Rainfall (mm/yr): 1600

Degree of confinement: Mostly semi-confined, in
some parts unconfined

Main Lithology: Crystalline rocks - Basalt

| Legend

> Transboundary aquifer
id| | Confirmed aquifer boundary

|77 Other aquifer(s)
r.q‘
aul

Others symbols
e

Rivers

Lakes

Folitical Borders
E TBA Location

Regional location of aquifer
5 £l

L

No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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Paraguay 48 D A
Uruguay 100 8 D D
TBA level 35 F

(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (m?) of the complete country
segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.

(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).

(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.

(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National
level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Key parameters table from Global Inventory
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* Including aquitards/aquicludes
X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer description
Aquifer geometry
The aquifer system is a multiple 2-layered, hydraulically connected system although within Uruguay
it is single-layered. It is mostly semi-confined, but in some parts unconfined. The average depth to
groundwater level varies between 13m and 52m. The average depth to the top of the aquifer is 50m
within Uruguay and the average vertical thickness of the aquifer system is 45m within Paraguay and
Argentine.

Hydrogeological aspects

The main lithology is crystalline rocks - basalt of low primary porosity and secondary porosity:
fractures. Besides the tectonic fractures that are important for the movement and storage of water,
there are fractures of cooling that can be vertical (columnar disjunctions) or sub-horizontal.
Connectivity is low horizontally but high vertically. Given the anisotropic characteristics of the aquifer
system, the yields exhibit a varied range, with values ranging from 1 m3/h up to 100 m3/h. The
average transmissivity values vary between 83m?/d in Paraguay to 340m?/d within Brazil. Only
Argentina reports the total groundwater volume as 30 km?.

Linkages with other water systems
Recharge to the system is from infiltration from surface water bodies as well as from precipitation on
the aquifer (Uruguay). The main discharge mechanism is through river base flow.

Environmental aspects

Argentina and Paraguay report groundwater in parts unsuitably for drinking as a result of natural
salinity in the surficial layers. The more alkaline pH values, manganese, iron and fluoride in some
samples may exceed the limits of potability. In Argentina this was the case in 10% of the aquifer area.
Some pollution has been identified in Argentina (municipalities and agricultural practices - irrigation,
pesticides, fertilizers) and Brazil (municipalities, industrial waste disposal, agricultural practices
mining activities) and significant pollution in Paraguay (landfills/waste disposal sites, municipalities,
agricultural practices). Only Uruguay reported that no pollution has been identified to date. Within

igrac
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Argentine 15% of the aquifer area contains shallow groundwater but the extent of groundwater
dependent ecosystems was not recorded.

Socio-economic aspects

Water for human consumption makes up the highest percentage of the groundwater use and water
quality can in general meet this need. Only Uruguay provides an estimate of groundwater
abstraction, namely 4.6 Mm3/annum.

Legal and Institutional aspects

There are no specific legal agreements between the countries. However, Paraguay reports on a
dedicated full scope Transboundary Institution. Three countries report on a National Institution with
a groundwater mandate, but in two cases still with limited capacity. The River Basin Agreement
(Tratado de la Cuenca del Plata) of which Bolivia is also a part of, can provide the basis for future

agreements for joint management of the groundwater.

Emergency issues

Groundwater pollution is becoming a problem in three of the countries. Raising the capacity for
groundwater management of the national institutions appears to be a priority.

Contributors to Global Inventory

Name Organisation Country E-mail Role
Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Verdnicaq del Carmen | Ciudad Universitaria. Argentina | musavero@yahoo.com.ar Contributing national
Musacchio Ruta Nacional 168. expert
Km472,4
Ofelia Clara Facultad de Ingenieriay | Argentina | ofeliatujchneider@yahoo.com.a | Lead National Expert
Tujchneider Ciencias Hidricas - r; pichy@fich.unl.edu.ar
Universidad Nacional del
Litoral
Antonio Calazans Reis | Ministério do Meio Brazil antonio.miranda@mma.gov.br | Contributing national
Miranda Ambiente expert
Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert
Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente
Daniel Hebert Garcia Secretaria del Ambiente - | Paraguay daniel.garcia.segredo@gmail.co | Lead National Expert
Segredo SEAM m
Ximena Lacués Parodi | Direccion Nacional de Uruguay xlacues@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Lourdes Batista Ruiz Direccion Nacional de Uruguay Ibatista@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente

igrac
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Name Organisation Country E-mail Role
Natalia Cabrera Direccion Nacional de Uruguay ncabrera@mvotma.gub.uy Contributing national
Laborde Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Daniel Gonzalez Pérez | Direccion Nacional de Uruguay dinagua@mvotma.gub.uy Lead National Expert
Aguas-Ministerio de
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Andrés Pérez Pablo OSE Uruguay aperez@ose.com.uy / Contributing national
Decoud pdecoud@yahoo.com expert
Luis Reolon Direccion Nacional de Uruguay luis.reolon@mvotma.gub.uy Contributing national
Medio Ambiente- expert
Ministerio de Vivienda,
Ordenamiento Territorial
y Medio Ambiente

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

An adequate aquifer description was possible, because three of the four aquifer states reported. The
information was not sufficient to calculate the groundwater indicators.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:
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- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography

Total area TBA (kmz): 1200 000

Hydrogeology
Aquifer type: Multiple layers hydraulically

No. countries sharing: 4 connected

Countries sharing: Argentina, Brazil,

Paraguay, Uruguay

Degree of confinement: Mostly confined, some
parts unconfined.

Population: 33 000 000 Main Lithology: Sandstone and shale

Climate zone: Humid Subtropical
Rainfall (mm/yr): 1200

218

Sistea Acuifero Guarani

Legend

| Transboundary aquifer
/ D Confirmed aquifer boundary

777 other aquifer(s)

| Others symbols

Rivers

Lakes
——— Political Borders
1 E TBA Location

Regional location of aquifer
- =

=

No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (m?) of the complete country
segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.

(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).

(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.

(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National
level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Key parameters table from Global Inventory
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* Including aquitards/aquicludes
X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer description
Aquifer geometry
It is a multi-layered, hydraulically connected system that is mostly confined, but some parts are
unconfined. Within Uruguay the average depth to the piezometric groundwater level is 18m; while
the average depth to top of aquifer is 480m (minimum 2m and maximum 960m). The average
vertical thickness of the aquifer system varies between 250m within Brazil and Argentine to 620m
within Uruguay.

Hydrogeological aspects

Guarani Aquifer sandstones (GAS) and shales that are the dominant lithology within the aquifer
system. The formation has a high primary porosity with secondary porosity: dissolution in places. It is
also characterized by a high horizontal and a low vertical connectivity. Average transmissivity varies
between 110 m*/day (Uruguay and Argentina) and 340m?/day (Brazil). Groundwater flow of GAS,
from recharge areas to discharge areas, has a regional tendency that directs the flow from north to
south, accompanying the axis of the Parana Basin. The average annual recharge within the Brazil
portion of the system is 5 200Mm?/annum. The main recharge area within Uruguay covers an area of
3 000km”.

Linkages with other water systems

The main source of recharge water is primarily through precipitation over the aquifer area. There is
interaction between groundwater and surface water and, generally, base flows in rivers and other
water bodies, come from discharges of the aquifer system. In these areas, the aquifer is unconfined
(or semi-confined in specific situations).

Environmental aspects

In the case of Argentina, elevated natural salinity and fluorides occur over a significant part of the
aquifer. Brazil also reports elevated natural salinity but more within the superficial part of the
aquifer. Otherwise the water in the GAS is usually of drinking water standards, with low
mineralization (as indicated by the conductivities <1 000 pS/cm). Limited pollution mainly due to
nitrates from domestic sources (households, municipalities, landfills and waste disposal) has been
reported (Brazil and Uruguay). The extent of shallow groundwater and groundwater dependent
ecosystems has not been recorded.
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Socio-economic aspects

The main use of abstracted groundwater in the area of GAS is for public supply. In Brazil, despite the
prevalence of public use, the distribution of water use is more diversified; in Argentina registered
wells are used for recreational purposes only. In Uruguay and Paraguay 90% of resource use is to
urban centres. Overall groundwater use of the GAS has been estimated at about 1 040 Mm?3/year,
with Brazil responsible for about 90% of the current abstraction and the State of Sao Paulo
withdrawing a large portion of this.

Legal and Institutional aspects

There is a full scope (limited in Argentine) Multilateral Agreement signed by the presidents of the
four countries, but it has not been ratified by the parliaments of some countries, so it is not being
implemented. Three of the countries also report full mandate national groundwater institutions. The
Guarani Aquifer System Project presents a milestone in the shared study of transboundary
groundwater in America. A successful experience was the creation of National Committees, led by a
National Coordinator, which allowed at a country level, the participation of all the institutions
involved in this area, resulting in a greater amount of committed people and hence a greater amount
of data and knowledge.

Priority issues
Implementation of the Agreement regarding the joint management of this important aquifer system
appears to be a priority issue, in particular because one country is by far the largest user at this stage.

Contributors to Global Inventory

Name Organisation Country E-mail Role
Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Verdnicaq del Carmen | Facultad de Ingenieriay | Argentina | musavero@yahoo.com.ar Contributing national
Musacchio Ciencias Hidricas - expert
Universidad Nacional del
Litoral
Ofelia Clara Facultad de Ingenieriay | Argentina | ofeliatujchneider@yahoo.com. | Lead National Expert
Tujchneider Ciencias Hidricas - ar; pichy@fich.unl.edu.ar
Universidad Nacional del
Litoral
Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert
Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente
Ximena Lacués Parodi | Direccion Nacional de Uruguay xlacues@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Lourdes Batista Ruiz Direccion Nacional de Uruguay Ibatista@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
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Name Organisation Country E-mail Role
Natalia Cabrera Direccion Nacional de Uruguay ncabrera@mvotma.gub.uy Contributing national
Laborde Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Daniel Gonzalez Pérez | Direccion Nacional de Uruguay dinagua@mvotma.gub.uy Lead National Expert
Aguas-Ministerio de
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Andrés Pérez Pablo OSE Uruguay aperez@ose.com.uy / Contributing national
Decoud pdecoud@yahoo.com expert
Luis Reolon Direccion Nacional de Uruguay luis.reolon@mvotma.gub.uy Contributing national
Medio Ambiente- expert
Ministerio de Vivienda,
Ordenamiento Territorial
y Medio Ambiente

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

An adequate aquifer description was possible, because three of the four aquifer states reported. The
information was not sufficient to calculate the groundwater indicators.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.
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References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography

Total area TBA (km?): 300 000

No. countries sharing: 2

Countries sharing: Brazil, Paraguay

Population: 7 500 000

Climate zone: Tropical Dry

Rainfall (mm/yr): 1400

Hydrogeology
Aquifer type: Single-layered

Degree of confinement: Mostly unconfined, but
some parts confined

Main Lithology: Sedimentary rocks - Sandstone
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (mz) of the complete country
segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.

(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).

(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.

(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National
level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Key parameters table from Global Inventory
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* Including aquitards/aquicludes

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.
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Aquifer description

As most of the information was provided by Brazil, most of the values within this Brief refer to the
portion of the TBA within Brazil.

Aquifer geometry
It is a single layered aquifer that is mostly unconfined, but some parts confined. The average
thickness of the Aquifer system is 150m.

Hydrogeological aspects

The Bauru-Caiua-Acaray aquifer contains fine/medium sedimentary deposits with a high primary
porosity. There is also secondary porosity from dissolution. The horizontal connectivity is high, while
the vertical connectivity is low. The average transmissivity is 70 m?/d. The total groundwater volume
on the Brazil side was estimated at 970 km3. The recharge area of 350 000 km? is covering the Serra
Geral aquifer system. In Brazil, it occupies much of the western part of the state of S3o Paulo.

Linkages with other water systems
Groundwater recharge is from precipitation over the aquifer area. No information on the discharge
mechanism was provided.

Environmental aspects

No information was recorded on the natural groundwater quality. The main sources of
anthropogenic groundwater pollution are of diffuse origin, represented by the application of
fertilizers and nitrogen inputs, leaks from sewage systems and the influence of polluted rivers in the
catchment area of the wells. This leads to localised salinisation and high nitrate levels. No
information was recorded on shallow groundwater or on groundwater dependent ecosystems.

Socio-economic aspects
The aquifer is heavily exploited by being easily accessible with low-cost drilling. The main uses are
human and industrial supplies.

Legal and Institutional aspects
Brazil makes mention of a full scope signed Transboundary Agreement between the countries. It also
mentions a National Institution in Brazil with full mandate and full capacity.

Priority issues
Given its unconfined nature, the heavy exploitation and pollution from a variety of sources, joint
management needs to be actively implemented.

Contributors to Global Inventory

Name Organisation Country E-mail Role

Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Antonio Calazans Reis | Ministério do Meio Brazil antonio.miranda@mma.gov.br | Contributing national
Miranda Ambiente expert

Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert

Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME
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Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

The TBA system could not be described fully, because only one of the TBA countries provided
adequate numerical information.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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26S - Salto-Salto Chico

Geography

Total area TBA (km?): 32 000

No. countries sharing: 2

Countries sharing: Argentina, Uruguay, Brazil
Population: 480 000

Climate zone: Humid Subtropical

Rainfall (mm/yr): 1200

Hydrogeology
Aquifer type: Single layer

Degree of confinement: Semi-confined to
unconfined

Main Lithology: Sandstones and sands
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.| Others symbola
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No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (m?) of the complete country
segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural

groundwater quality satisfies local drinking water standards.
(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).
(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.
(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National

level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary

institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).
X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Key parameters table from Global Inventory
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* Including aquitards/aquicludes
X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer description

Brazil is mentioned as a third aquifer state in the data base, but no data is provided. On the map it
appears to be just touching the aquifer.

Aquifer geometry

This is a single-layered aquifer. Within the Argentina segment of the aquifer the average depth to the
water table is 24m and the average depth to the top of the aquifer is 25m. The average vertical
thickness of the aquifer system varies between 80m in Argentina and 20m in Uruguay. In Argentina
the whole aquifer is semi-confined, whereas in Uruguay it is mostly unconfined, but in some parts it
is confined.

Hydrogeological aspects

The major aquifer lithologies are Tertiary age medium to coarse grained sandstones of fluvial origin,
that exhibit cementation by later silicification, as well as sediments - sand. These have a high primary
porosity, with no secondary porosity, and a low to high horizontal connectivity. A transmissivity value
of 50 m?/day is reported for Uruguay. The transmissivity and average annual recharge figures
provided by Argentina should be reviewed. They are not consistent with the high primary porosity
and high groundwater use reported below.

Linkages with other water systems
Recharge is from precipitation onto outcrops of the aquifer and within tributaries of the Uruguay
River and other smaller streams. Discharge is through groundwater flow into another aquifer.

Environmental aspects
There is no information on the natural groundwater quality. Some pollution has been identified in
Argentina from agricultural practices (irrigation and herbicide application). The danger of
contamination is high in areas where the confining (or semi-confining) layers have small thicknesses
or are absent. No information was provided on the extent of shallow water and groundwater
dependent ecosystems.

Socio-economic aspects

The aquifer is highly used by both countries, especially for irrigation. In Argentina large volumes of
water for rice cultivation are abstracted. The annual amount of groundwater that was abstracted
from the system during 2010 was 500Mm>.

Legal and Institutional aspects
There is no specific legal agreement between the countries. Both countries have National Institutions
with a mandate for groundwater resources, but still with a limited capacity.

Priority issues
Given the high groundwater use in both countries, the vulnerable nature of parts of the aquifer
system and the potential impacts of widespread agricultural practices, it is important to initiate joint
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management that includes improved estimation of key aquifer parameters and joint monitoring of

the transboundary aquifer system without delay.

Contributors to Global Inventory

Name Organisation Country E-mail Role
Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Veronicaq del Carmen | Facultad De Ingenieriay | Argentina | musavero@yahoo.com.ar Contributing national
Musacchio Ciencias Hidricas- expert
Universidad Nacional del
Litoral
Ofelia Clara Facultad De Ingenieriay | Argentina | ofeliatujchneider@yahoo.com. | Lead National Expert
Tujchneider Ciencias Hidricas- ar; pichy@fich.unl.edu.ar
Universidad Nacional del
Litoral
Ximena Lacués Parodi | Direccion Nacional de Uruguay xlacues@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Lourdes Batista Ruiz Direccion Nacional de Uruguay Ibatista@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Natalia Cabrera Direccion Nacional de Uruguay ncabrera@mvotma.gub.uy Contributing national
Laborde Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Daniel Gonzalez Pérez | Direccién Nacional de Uruguay dinagua@mvotma.gub.uy Lead National Expert
Aguas-Ministerio de
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Andrés Pérez Pablo OSE Uruguay aperez@ose.com.uy/pdecoud Contributing national
Decoud @yahoo.com expert
Luis Reoldn Direccion Nacional de Uruguay luis.reolon@mvotma.gub.uy Contributing national

Medio Ambiente-
Ministerio de Vivienda,
Ordenamiento Territorial
y Medio Ambiente

expert

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

Two of the three aquifer countries reported and provided for a reasonable aquifer description. The
different parameters were not always consistent.
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Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category Il
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography

Total area TBA (kmz): 26 000

No. countries sharing: 2

Countries sharing: Guyana, Suriname
Population: 670 000

Climate zone: Tropical Wet

Rainfall (mm/yr): 2 000

Hydrogeology

Aquifer type: Multi-layered

Degree of confinement: Mostly semi-confined
Main Lithology: Sand and clay

7S Coesewijne

| Legend

= Transboundary aquifer
m Confirmed aquifer boundary

V7] Other aquifar(s)
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T8A Location

Regional location of aquifer
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Simplified N-S cross-section

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory

No data available.

Key parameters table from Global Inventory

No data available.

Aquifer description

Aquifer geometry
It is a multi-layered aquifer that is mostly semi-confined.

Hydrogeological aspects
The formation consists of alternating sand and clay layers with the thickness of the individual sand
layers not exceeding 10 meters. Sand layers constitute 30 to 50 percent of the total formation.

Linkages with other water systems
No information provided.

Environmental aspects
To the north of Paramaribo the aquifer becomes brackish.

Socio-economic aspects
No information provided

Legal and Institutional
There is no legal agreement between the countries.

Emerging issues
At this stage no country information was made available to the data base. Capacity of the country
institutions appears to be an issue

Contributors to Global Inventory

Name Organisation Country E-mail Role

Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator

Considerations and recommendations

The two TBA states unfortunately did not provide data to the global inventory. The information in the
aquifer description was taken from the Regional Report Americas. See colophon for more
information, including references to data from other sources.

Request:

If you have data or information about this transboundary aquifer that can improve the quality of this
information sheet and the underlying database, please contact us via email at info@un-igrac.org. If
appropriate, the information will be uploaded to the database of transboundary aquifers and will
also be used in new versions of this information sheet.
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Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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8S — A-Sand/ B-Sand

Geography

Total area TBA (km?): 26 000

No. countries sharing: 2

Countries sharing: Guyana, Suriname
Population: 670 000

Climate zone: Tropical Wet

Rainfall (mm/yr): 2000

Hydrogeology

Aquifer type: Multi 2-layered

Degree of confinement: Mostly confined
Main Lithology: Sand and gravel

8S A-Sand/B-Sand

ERas e

E_Legend

Transboundary aquifer
D Confirmed aquifer boundary

| Others symbols
Rivers
Lakes
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[=] TALocation

Reglonal location of aquifer
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Simplified N-S cross-section

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory

No data available.

Key parameters table from Global Inventory

No data available.

Aquifer description

Aquifer geometry
It is a two-layered aquifer (A-Sand and B-Sand), that is mostly confined.

Hydrogeological aspects

The A-Sand aquifer is composed of quartz sand and fine gravel, and ranges from 150 to 215 meters
deep and 12 to 27 meters thick. The B-Sand aquifer is composed of angular quartz sand and shale
with gravel at depths of 350m to 800m meters and the aquifer system varies in thickness from 15 to
60 meters.

Linkages with other water systems
No information was provided

Environmental aspects

Groundwater is generally not contaminated along the coast in the A-Sand and B-Sand aquifers. The
A-Sand aquifer has elevated iron contents, and the B-Sand has elevated temperatures and a
hydrogen sulphide odour.

Socio-economic aspects

The A-Sand aquifer is the most exploited one of the coastal system, and even though a decline in
piezometric levels has not been too significant in general, averaging about 0.03 to 0.06 meter per
year, (Worts, 1958), in some locations, notably the Georgetown area, the decline has been
substantial, about 26m since abstraction started in 1926. However, there has been no problem with
saline intrusion into any of the wells thus far.

Legal and Institutional aspects
There is no legal agreement between the countries. No information on the National Institutions is
available.

Priority issues

The A-Sand aquifer is the most exploited of the coastal system and experiences a limited, but in some
areas a notable decline in the piezometric levels was noticed. Saline intrusion could become a
problem if the decline in groundwater levels becomes more extended. Groundwater level and quality
monitoring is required.

Contributors to Global Inventory

Name Organisation Country E-mail Role

Alberto Manganelli Uruguay albertomanganelli@yahoo.com Regional coordinator
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Considerations and recommendations

The two TBA states unfortunately did not provide data to the global inventory. The information in the
aquifer description was taken from the Regional Report Americas. See colophon for more
information, including references to data from other sources.

Request:

If you have data or information about this transboundary aquifer that can improve the quality of this
information sheet and the underlying database, please contact us via email at info@un-igrac.org. If
appropriate, the information will be uploaded to the database of transboundary aquifers and will
also be used in new versions of this information sheet.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography
Total area TBA (km?): 200 000
No. countries sharing: 3

Countries sharing: Bolivia, Brazil, Paraguay

Population: 740 000

Climate zone: Tropical Dry
Rainfall (mm/yr): 1 300

Hydrogeology
Aquifer type: Multi-layered
Degree of confinement: Unconfined

Main Lithology: Unconsolidated/semi-consolidated
sediments, -sandy, with varying clay content
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Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (m?) of the complete country

segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural

groundwater quality satisfies local drinking water standards.

(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:

Significant pollution has been identified (% of surface area of aquifer).
(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.

(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National

level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework

differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

TWAP Groundwater Indicators from WaterGAP model
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Population density Groundwater development stress
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* Including aquitards/aquicludes
X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer description
Aquifer geometry

It is a multi-layered, unconfined aquifer system. The thickness of the aquifer system varies between
20 to 200 m.

Hydrogeological aspects
The aquifer system consists of sedimentary rock —sandstone, unconsolidated and semi-consolidated
sediments, mostly sandy, with varying clay content. It is characterised by a low primary porosity and

intergranular porosity with secondary porosity through dissolution. This results in low horizontal and
high vertical connectivity.

Linkages with other water systems

Groundwater recharge is from precipitation over the aquifer area (see Appendix). No information on
the discharge mechanism was provided.

Environmental aspects
The natural water quality is good but Brazil has reported that households and municipalities and the

use of agrochemicals have partially affected water quality, with elevated concentrations of Nitrogen
species and pathogens.

Socio-economic aspects

Most of the water withdrawn from the aquifer system is used to meet basic consumption needs,
drinking water for animals, and small home orchards.

Legal and Institutional aspects
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There are no specific legal agreements between the countries about the Pantanal Aquifer System.
Brazil reports a National Institution with full mandate and full capacity. Groundwater management is
still limited in practice.

Emerging issues

Vulnerability of the unconfined aquifer system to pollution appears to be an emerging issue.
Increasing attention to groundwater development and management at national level can also be

seen as important.

Contributors to Global Inventory

Name Organisation Country E-mail Role

Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Antonio Calazans Reis | Ministério do Meio Brazil antonio.miranda@mma.gov.br | Contributing national
Miranda Ambiente expert

Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert

Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

Only a very superficial description of the TBA system was possible, because neither of the three

aquifer states provided any numerical information.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.
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Appendix: 15S

Sistema Acuifero Transfronterizo Pantanal
158 BO-BR-PY
Mapa 158 Ubicacién-Recaga y Zonas Protegidas
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Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
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available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category Il
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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24S - Permo-Carbonifero

Geography Hydrogeology

Total area TBA (km”): 49 000 Aquifer type: Multiple layers hydraulically

No. countries sharing: 2 connected

Countries sharing: Brazil, Uruguay Degree of confinement: Mostly unconfined, but
Population: 570 000 some parts confined

Climate zone: Humid Subtropical Main Lithology: Sandstones and shales

Rainfall (mm/yr): 1300

24S Permo-Carbonifero
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" |Legend

Transboundary aquifer
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No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (mz) of the complete country
segment of the aquifer (i.e. not only the recharge area).
(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.
(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).
(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.
(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National

level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

TWAP Groundwater Indicators from WaterGAP model
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Key parameters table from Global Inventory
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* Including aquitards/aquicludes
X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer description
Aquifer geometry
This aquifer is a multiple-layered hydraulically connected system. The average depth to the top of the
aquifer within Uruguay is 190m and the average thickness of the aquifer system varies between 20m
and 60m. The aquifer is mostly unconfined, but in some parts confined.

Hydrogeological aspects

The aquifer material consists of fine/medium sedimentary deposits of sandstones and shales with
high primary porosity and secondary-dissolution porosity, only in Brazil. It is also characterised by a
low to high horizontal connectivity and a low vertical connectivity. The average transmissivity in
Uruguay is 100m?/d. Uruguay also reports a total groundwater volume of 11km3. The average
recharge within Uruguay is 100 Mm®/annum.

Linkages with other water systems
Recharge into the system is through precipitation over the aquifer area. No information on the
discharge mechanism was provided.

Environmental aspects

In some parts of Brazil elevated natural salinity occurs, but the extent is not known. Some
anthropogenic pollution has been identified within Brazil (households, municipalities, agricultural
practices and mining activities).

Socio-economic aspects

Water quality generally allows for most uses, with human consumption being the highest user.
Private wells also draw water but in amounts that do not compromise the functioning of the aquifer.
The abstraction amounts have not been recorded.
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Legal and Institutional aspects
Brazil reports on a ratified Bi-lateral Agreement, whereas Uruguay reports that there is no
Agreement. It could be that Brazil is referring to the River Basin agreement - Tratado da Bacia do
Prata, 1969. Both countries mention their National Institutions with a full mandate, but with limited

capacity.

Emerging issues

Pollution of the aquifer may be an emerging issue. This needs to be addressed by the countries’

national institutions.

Contributors to Global Inventory

Name Organisation Country E-mail Role
Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator
Antonio Calazans Reis | Ministério do Meio Brazil antonio.miranda@mma.gov.br | Contributing national
Miranda Ambiente expert
Roseli dos Santos Ministério do Meio Brazil roseli.souza@mma.gov.br Contributing national
Souza Ambiente expert
Julio Thadeu Kettelhut | Ministério do Meio Brazil julio.kettelhut@mma.gov.br Lead National Expert
Silva Ambiente
Ximena Lacués Parodi | Direccién Nacional de Uruguay xlacues@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Lourdes Batista Ruiz Direccion Nacional de Uruguay Ibatista@mvotma.gub.uy Contributing national
Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Natalia Cabrera Direccion Nacional de Uruguay ncabrera@mvotma.gub.uy Contributing national
Laborde Aguas-Ministerio de expert
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Daniel Gonzalez Pérez | Direccion Nacional de Uruguay dinagua@mvotma.gub.uy Lead National Expert
Aguas-Ministerio de
Vivienda, Ordenamiento
Territorial y Medio
Ambiente
Andrés Pérez Pablo OSE Uruguay aperez@ose.com.uy / Contributing national
Decoud pdecoud@yahoo.com expert
Luis Reolon Direccion Nacional de Uruguay luis.reolon@mvotma.gub.uy Contributing national

Medio Ambiente-
Ministerio de Vivienda,
Ordenamiento Territorial
y Medio Ambiente

expert
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Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

The TBA system could not be described fully, because only one of the TBA countries provided
adequate numerical information.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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14S - Titicaca
Geography Hydrogeology
Total area TBA (km’): 74 000 Aquifer type: Multi-layered sedimentary system
No. countries sharing: 3 Degree of confinement: Mostly unconfined or
Countries sharing: Bolivia, Chile, Peru semi-confined
Population: 3 000 000 Main Lithology: Conglomerates, sand and clays

Climate zone: Highlands
Rainfall (mm/yr): 680

ticaca _
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14S

Political Borders
TBA Location

Titicaca
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Regional location of aguifer
El
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No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory

No data available.

TWAP Groundwater Indicators from WaterGAP model
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Key parameters table from Global Inventory

No data available.

Aquifer description
Aquifer geometry

It is a multi-layered aquifer system that is mostly unconfined or semi-confined. The range of
thickness of the aquifer system varies between 20 to 200 m.

Hydrogeological aspects
The predominant aquifer lithology consists of conglomerates, sand and clays. No further information
on the hydrogeological aspects was recorded.

Linkages with other water systems
Not reported on.

Environmental aspects

The natural water quality is good but, locally it can be brackish or polluted with metals and urban
waste.

Socio-economic aspects

In general the main use is for agricultural practices (irrigation), and on a smaller scale, for public
supply and domestic use.
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Legal and Institutional aspects

There are no groundwater-specific Transboundary legal agreements between the countries about
the Titicaca Aquifer System. However, the Lake Basin Agreement (Autoridad Binacional Auténoma
del Lago Titicaca) can provide the basis for future agreements for joint management of groundwater.

Emerging issues
Countries have not reported and any emerging issues are not clear from the available information.

Contributors to Global Inventory

Name Organisation Country E-mail Role

Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator

Considerations and recommendations

None of the three TBA states provided data to the global inventory. The only tabular information that
could be presented here has been derived from the global WaterGAP model, whereas the limited
aquifer description is based on a summary in the Regional Report Americas. See colophon for more
information, including references to data from other sources.

Request:

If you have data or information about this transboundary aquifer that can improve the quality of this
information sheet and the underlying database, please contact us via email at info@un-igrac.org. If
appropriate, the information will be uploaded to the database of transboundary aquifers and will
also be used in new versions of this information sheet.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199

transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this

transboundary aquifer information sheet has been made available by national and regional experts from countries involved

in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were

compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I

Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from

recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information

Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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28S - Yrenda-Toba-Tarijeno

Geography
Total area TBA (km®): 480 000
No. countries sharing: 4
Countries sharing: Argentina, Bolivia, Brazil

Paraguay
Population: 2 100 000

Climate zone: Semi-arid

Rainfall (mm/yr): 770

Hydrogeology
Aquifer type: multiple 4-layered hydraulically

connected system
Degree of confinement: Unconfined, in some parts
confined

Main Lithology: Sediment-sand

Yrenda Toba-Tarueﬁo

28S

pTOST ..Huc:msa\.A
I8
id TARHA | Others symbols
;.“/.," — '”_“L( o) Rivers
A 2/ _.' Lakes
A IUIUY o, ; Political Borders
Ll _\‘?k\h‘m\m” . PARAGUNY E TBA Location
ool deadnr 28S VA
i vy SN 72 f
: 4. &’
4t 7 - LA Asurn
EEM S ¢ FORMOSA # A
" ' | Regional location of aquifer
":-; e I AN -
Pl X . {
® 3 ? -
Sar Argentina
& Tui ;
F Santiago /
o ¥ ddEsluo Ip"
MARCH f
. -"1*.3-0 SANTIAGO DEL mcy
Kllumaiers \

. Y |Legend
73 — | Transboundary aquifer

£ | Confirmed aquifer boundary
¢ Other aquifer(s)

No cross-section available

Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
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(1) Recharge: This is the long term average recharge (in m3/yr) divided by the surface area (m?) of the complete country
segment of the aquifer (i.e. not only the recharge area).

(2) Natural background groundwater quality: Estimate of percentage of surface area of aquifer where the natural
groundwater quality satisfies local drinking water standards.

(3) Groundwater pollution: A. No pollution has been identified; B. Some pollution has been identified; Positive number:
Significant pollution has been identified (% of surface area of aquifer).

(4) Groundwater development stress: Annual groundwater abstraction divided by recharge.

(5) Legal framework: A. Agreement with full scope for TBA management signed by all parties; B. Agreement with limited
scope for TBA management signed by all parties; C. Agreement under preparation or available as an unsigned draft; D.
No agreement exists, nor under preparation; E. Legal Framework differs between Aquifer States (see data at National
level).

(6) Institutional Framework: A. Dedicated transboundary institution fully operational; B. Dedicated transboundary
institution in place, but not fully operational; C. National/Domestic institution fully operational; D. National/Domestic
institution in place, but not fully operational; E. No institution exists for TBA management; F. Institutional Framework
differs between Aquifer States (see data at National level).

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

TWAP Groundwater Indicators from WaterGAP model
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Paraguay 64 62 000 -34 -48 10 11 5 37
TBA level 54 12 000 -25 -40 7 16 3 27
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Population density Groundwater development stress
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Including aquitards/aquicludes

X Avalue was provided in the questionnaire, but it was considered un-realistic and therefore removed from the table.

Aquifer geometry
This aquifer is a multiple 4-layered hydraulically connected system. The average depth to the water
table varies between 15m in Paraguay and 100m in Argentina. The average thickness of the aquifer
system is 200m and 260m in these two countries respectively. The aquifer is mostly unconfined, but

some parts are confined. A project on this aquifer is currently underway which will likely produce
changes in its delineation.

Hydrogeological aspects

Aquifer description

The aquifer material is sediment-sand with a high primary porosity and high horizontal connectivity.
The average transmissivity ranges between 120 and 190m?/d in the two reporting countries.
Argentina has estimated its total groundwater volume as 9km3 but this figure needs to be reviewed.
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Linkages with other water systems

Recharge into the system is from infiltration from surface water bodies and discharge is through river
base flow and through springs in Argentina and Paraguay respectively. The groundwater dynamics in
the area is complex and shows influent-effluent relationships with the Pilcomayo River and
surrounding creeks. The recharge and discharge areas are not as yet fully identified.

Environmental aspects

A significant part of the aquifer in Argentina (60% - this amount has not been quantified for
Paraguay) is unsuitable for human consumption as a result of elevated natural salinity and fluorides.
There is a succession of layers of fresh and salt water in the vertical direction, which deserve very
detailed studies. Although there is as yet no pollution that has been detected in Paraguay, some
pollution has been identified in Argentina resulting from municipalities and agricultural practices. The
extent of shallow groundwater within the system has not been recorded although 20% of the aquifer
area is covered with groundwater dependent ecosystems within Argentina.

Socio-economic aspects

The resource is used for human consumption, irrigation and livestock, in places where quality is
good. The area's population comprise mainly native people, 70% of which are urban. Within
Argentina the annual amount of groundwater abstraction during 2010 was 20Mm?>.

Legal and Institutional aspects

There is no specific legal agreement between the countries. Both Argentina and Paraguay make
mention, however, of a Dedicated Transboundary Institution with a limited mandate and limited
capacity. The issue of transboundary aquifers of the La Plata Basin and, in particular the Yrenda-
Toba-Tarijefio Aquifer System (SAYTT) as a pilot project, is addressed in a Sub-Component
Groundwater of a major project, ‘Sustainable Management of the Water Resources of the La Plata
Basin with respect to the Effects of Climate Variability and Change’.

Priority issues
Unsuitability of the natural water quality for human consumption of a large part of the aquifer
appears to be a priority issue. Linkages with other water systems also demand further attention.

Contributors to Global Inventory

Name Organisation Country E-mail Role
Alberto Manganelli Uruguay albertomanganelli@yahoo.com Regional coordinator
Veronicaq del Carmen | Facultad de Ingenieria | Argentina | musavero@yahoo.com.ar Contributing national
Musacchio y Ciencias Hidricas. expert

Universidad Nacional

del Litoral
Ofelia Clara Facultad de Ingenieria | Argentina | pichy@fich.unl.edu.ar; Lead National Expert
Tujchneider y Ciencias Hidricas. ofeliatujchneider@yahoo.com.ar

Universidad Nacional

del Litoral
Daniel Hebert Garcia Secretaria del Paraguay daniel.garcia.segredo@gmail.com | Lead National Expert
Segredo Ambiente - SEAM

Considerations and recommendations

Most data in the tables and text above have been provided by national and regional experts (listed
above) or have been derived from the global WaterGAP model. See colophon for more information,
including references to data from other sources.

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME
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Only two of the four TBA states have provided information, thus not yet describing the TBA system
fully.

Data gaps and also differences between data from national experts (Global Inventory) and data
derived from WaterGAP highlight the need for further research on transboundary aquifers.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

Request:

If you have additional data or information about this transboundary aquifer that can improve the quality of this information
sheet and the underlying database, please contact us via email at info@un-igrac.org. If appropriate, the information will be
uploaded to the database of transboundary aquifers and will also be used in new versions of this information sheet.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Geography
Total area TBA (km?): 41 000
No. countries sharing: 3

Countries sharing: French Guiana, Guyana,
Suriname

Population: 250 000
Climate zone: Tropical Wet
Rainfall (mm/yr): 2300

Hydrogeology

Aquifer type: Single layer

Degree of confinement: Mostly unconfined
Main Lithology: Sandstone, siltstone, and gravel

6S Zanderij

Legend
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Map and cross-section are only provided for illustrative purposes. Dimensions are only approximate.
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TWAP Groundwater Indicators from Global Inventory
No data available.

TWAP Groundwater Indicators from WaterGAP model
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Key parameters table from Global Inventory

No data available.

Aquifer description
Aquifer geometry
It is a single layered aquifer that is mostly unconfined, but some parts are semi-confined.

Hydrogeological aspects

It consists of unconsolidated to consolidated sediments of sandstone, siltstone, and gravel. The
Upper Sands aquifer is 30 to 60 meters deep and ranges in thickness from 15 to 120 meters; it is the
shallowest of the three aquifers of the coastal aquifer system.

Linkages with other water systems
This has not been reported on.

Environmental aspects

It has high iron content (> 5 mg/l) and brackish water (TDS > 1 200 mg/l) but the extent was not
recorded.
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Socio-economic aspects
The aquifer was never fully exploited and withdrawals ceased in 1913 in Guyana, in Suriname it is
used for human water supply.

Legal and Institutional aspects
There are no legal agreements between the countries.

Emerging issues
At this stage no country information was made available to the data base. Capacity of country
institutions appears to be an issue.

Contributors to Global Inventory

Name Organisation Country E-mail Role

Alberto Manganelli Uruguay albertomanganelli@yahoo.com | Regional coordinator

Considerations and recommendations

None of the three TBA states provided data to the global inventory. The only tabular information that
could be presented here has been derived from the global WaterGAP model, whereas the limited
aquifer description is based on a summary in the Regional Report Americas. See colophon for more
information, including references to data from other sources.

Request:

If you have data or information about this transboundary aquifer that can improve the quality of this
information sheet and the underlying database, please contact us via email at info@un-igrac.org. If
appropriate, the information will be uploaded to the database of transboundary aquifers and will
also be used in new versions of this information sheet.

Colophon

This Transboundary Aquifers information sheet has been produced as part of the Groundwater Component of the GEF
Transboundary Water Assessment Programme (GEF TWAP). GEF TWAP is the first truly global comparative assessment of
transboundary groundwater, lakes, rivers, large marine ecosystems and the open ocean. More information on TWAP can be
found on: www.geftwap.org . The Groundwater component of TWAP carried out a global comparison of 199
transboundary aquifers and the groundwater systems of 41 Small Island Developing States. The data used to compile this
transboundary aquifer information sheet has been made available by national and regional experts from countries involved
in the TWAP Groundwater project. For aquifers larger than 20 000 km2 and which are not overlapping, additional data are
available from modelling done by the Goethe University Frankfurt (Germany) as part of TWAP Groundwater. All data were
compiled by UNESCO-IHP and the International Groundwater Resources Assessment Centre (IGRAC — UNESCO Category I
Institute). Values given in the fact-sheet represent an approximate guide only and should not replace data obtained from
recent local assessments. The editors of this information sheet are not responsible for the quality of the data.

For more information on TWAP Groundwater and for more data, please have a look at the TWAP Groundwater Information
Management System which is accessible via www.twap.isarm.org or www.un-igrac.org.

References:

- Population: Population has been calculated based on the aquifer map and grid information on population. Source
population data: Center for International Earth Science Information Network - CIESIN - Columbia University, United
Nations Food and Agriculture Programme - FAO, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Population Count Grid, Future Estimates. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC). http://dx.doi.org/10.7927/H42B8VZZ. Accessed Jan 2015.

- Rainfall: Average rainfall per TBA has been calculated based on the aquifer map and grid data for precipitation. Source
precipitation data: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis, 2005. Very high resolution interpolated
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climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978. Grid data download from
www.worldclim.org (2015): Data for current conditions (~1950-2000), ESRI grids, 30 arc seconds, Precipitation.

- Climate: Climate indicates the major climate zone which occurs in the aquifer area. If more than 1 climate zone is present
the zone with the largest surface area was selected. Source climate data: ArcGIS Online (2015), Simplified World Climate
zones. Owner: Mapping Our World GIS Education. Original map: National Geographic World Atlas for Young Explorers
(1998).

- All other data: TWAP Groundwater (2015).

Version: October 2015
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Transboundary Lake / Reservoir Information Sheet

Lake Chungarkkota Geographic Information
Lake Chungarkkota is an intermittent lake connected to the Lake Titicaca-Poopo complex. There is

little information available regarding the status of the lake, although its size and areal extent are
related to that of Lake Titicaca, the largest lake in South America by volume. The viability of
considering this lake for GEF-catalyzed management interventions, therefore, is related to the same
considerations as for Lake Titicaca.
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Lake Chungarkkota Basin Characteristics
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Lake Chungarkkota Threat Ranking

A serious lack of global-scale uniform data on the TWAP transboundary in-lake conditions required
their potential threat risks be estimated on the basis of the characteristics of their drainage basins,
rather than in-lake conditions. Using basin characteristics to rank transboundary lake threats
precludes consideration of the unique features that can buffer their in-lake responses to basin-derived
disturbances, including an integrating nature for all inputs, long water retention times, and complex,
non-linear response dynamics.

The lake threat ranks were calculated with a spreadsheet-based interactive scenario analysis program,
incorporating data and information about the nature and magnitude of their basin-derived stresses,
and their possible impacts on the sustainability of their ecosystem services. These descriptive data for
Lake Chungarkkota and the other transboundary lakes included lake and basin areas, population
numbers and densities, areal extent of basin stressors on the lake, data grid size, and other
components considered important from the perspective of the user of the data results. The scenario
analysis program also provides a means to define the appropriate context and preconditions for
interpreting the ranking results.

The Lake Chungarkkota threat ranks are expressed in terms of the Adjusted Human Water Security
(Adj-HWS) threats, Reverse Biodiversity (RvBD) threats, and the Human Development Index (HDI)
score, as well as combinations of these indices. However, it is emphasized that, being based on
specific characteristics and assumptions regarding Lake Chungarkkota and its basin characteristics, the
calculated threat scores represent only one possible set of lake threat rankings. Defining the
appropriate context and preconditions for interpreting the lake rankings remains an important
responsibility of those using the threat ranking results, including lake managers and decision-makers.

Table 1. Lake Chungarkkota Relative Threat Ranks, Based on Adjusted
Human Water Security (Adj-HWS) and Reverse Biodiversity Threats,

and Human Development Index (HDI) Score
(Estimated risks: red — highest; orange — moderately high; yellow — medium;
green — moderately low; blue — low)

HGTWAP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

Adjusted Human | Relative Reverse Relative Human Relative
Water Security | Adj-HWS Biodiversity RvBD Development HDI
(Adj-HWS) Threat| Threat (RvBD) Threat Index (HDI) Rank
Score Rank Threat Score Rank Score
0.82 30 0.69 13 0.71 33

It is emphasized that the Lake Chungarkkota rankings above are discussed here within the context of
the management and decision-making process, rather than as strict numerical ranks. Based on its
geographic, population and socioeconomic assumptions used in the scenario analysis program, the
calculated Adj-HWS score for Lake Chungarkkota indicates a medium threat rank compared to other
priority transboundary lakes.
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The Reverse Biodiversity (RvBD) for Lake Chungarkkota, which is meant to describe its biodiversity
sensitivity to basin-derived degradation, places the lake in a moderately high threat rank, compared
to the other transboundary lakes. Management interventions directed to improving the biodiversity
status must be viewed with caution, however, since we lack sufficient knowledge and experience to
accurately predict the ultimate impacts of biodiversity manipulations and preservation efforts.
Further, the RvBD scores indicate the relative sensitivity of a lake basin to human activities, and high
threat scores per se do not necessarily justify management interventions. Such interventions may
actually increase biodiversity degradation, noting that many developed countries have already
fundamentally degraded their biodiversity because of economic development activities. Thus,
activities undertaken to address the Adj-HWS threats may actually degrade the biodiversity status and
resources, even if the health and socioeconomic conditions of the lake basin stakeholders are
improved as a result of better conditions, thereby increasing stakeholder resource consumption.

The relative Human Development Index (HDI) places the Lake Chungarkkota basin in a medium threat
rank in regard to its health, educational and economic conditions.

Table 2. Lake Chungarkkota Threat Ranks, Based on Multiple Ranking Criteria
(Scores for Adj-HWS, RvBD and HDI ranks are presented in Table 1; the ranks may differ in some cases
because of rounding of tied threat scores; Estimated risks: red — highest; orange — moderately high; yellow —
medium;
green — moderately low; blue — low)

Adj- Sur}1 Relative Sur}1 Relative Sum Adj- Overall
HDI | RvBD Adj- Adj-
HWS Threat Threat HWS + RvBD Threat
Rank LS | GETL b Rank HWS + Rank + HDI Rank
RvBD HDI
31 33 12 43 23 64 34 76 28

When multiple ranking criteria are considered together in the threat rank calculations, the Adj-HWS
and HDI scores considered together place Lake Chungarkkota just within the middle third of the threat
ranks. The relative threat is somewhat reduced when the Adj-HWS and RvBD threats are considered
together. Considering all three ranking criteria together, Lake Chungarkkota exhibits a medium threat
ranking.

Interactions between the ranking parameters for Lake Chungarkkota indicate differing sensitivity to
basin-derived stresses. Identifying potential management interventions needs for Lake Chungarkkota
must be considered on the basis of educated judgement and accurate representations of its situation.
A fundamental question will be how can one decide a given management intervention will produce
the greatest benefit(s) for the greatest number of people in the Lake Chungarkkota basin? Accurate
answers to such questions for Lake Chungarkkota, and other transboundary lakes, will require a case-
by-case assessment approach that considers the specific lake situation and the anticipated
improvements from specific management interventions, as well as interactions with water systems to
which the lake is linked.
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Lake Itaipu Geographic Information
Lake ltaipu is a large reservoir on the Parana River, jointly constructed by Brazil and Paraguay to exploit
the hydropower resources shared by the two countries. It is one of the world’s largest hydropower
projects, producing most of the electricity consumed in Paraguay and a sizable portion of that in Brazil.
The complex of dams and spillways curves across nearly 8 km, being one of the largest, highest hollow
gravity dams in the world. Although selected as one of the seven modern wonders of the world by
the American Society of Civil Engineers in 1994, its construction submerged Guaira Falls, the world’s
largest waterfall by volume. Although the lake has previously experienced environmental issues, it is
not clear from the available information that such issues would be better addressed through GEF-
catalyzed management interventions, thereby necessitating an assessment of its current scientific
situation prior to such considerations.
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Lake Itaipu Threat Ranking

A serious lack of global-scale uniform data on the TWAP transboundary in-lake conditions required
their potential threat risks be estimated on the basis of the characteristics of their drainage basins,
rather than in-lake conditions. Using basin characteristics to rank transboundary lake threats
precludes consideration of the unique features that can buffer their in-lake responses to basin-derived
disturbances, including an integrating nature for all inputs, long water retention times, and complex,
non-linear response dynamics.

The lake threat ranks were calculated with a spreadsheet-based interactive scenario analysis program,
incorporating data and information about the nature and magnitude of their basin-derived stresses,
and their possible impacts on the sustainability of their ecosystem services. These descriptive data for
Lake Itaipu and the other transboundary lakes included lake and basin areas, population numbers and
densities, areal extent of basin stressors on the lake, data grid size, and other components considered
important from the perspective of the user of the data results. The scenario analysis program also
provides a means to define the appropriate context and preconditions for interpreting the ranking
results.

The Lake Itaipu threat ranks are expressed in terms of the Adjusted Human Water Security (Adj-HWS)
threats, Reverse Biodiversity (RvBD) threats, and the Human Development Index (HDI) score, as well
as combinations of these indices. However, it is emphasized that, being based on specific
characteristics and assumptions regarding Lake Itaipu and its basin characteristics, the calculated
threat scores represent only one possible set of lake threat rankings. Defining the appropriate context
and preconditions for interpreting the lake rankings remains an important responsibility of those using
the threat ranking results, including lake managers and decision-makers.

Table 1. Lake Itaipu Relative Threat Ranks, Based on Adjusted Human Water
Security (Adj-HWS) and Reverse Biodiversity Threats,

and Human Development Index (HDI) Score
(Estimated risks: red — highest; orange — moderately high; yellow — medium;
green — moderately low; blue — low)

HGTWAP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

Adjusted Human | Relative Reverse Relative Human Relative
Water Security | Adj-HWS Biodiversity RvBD Development HDI
(Adj-HWS) Threat| Threat (RvBD) Threat Index (HDI) Rank
Score Rank Threat Score Rank Score
0.75 35 0.58 29 0.73 37

It is emphasized that the Lake Itaipu rankings above are discussed here within the context of the
management and decision-making process, rather than as strict numerical ranks. Based on its
geographic, population and socioeconomic assumptions used in the scenario analysis program, the
calculated Adj-HWS score for Lake Itaipu indicates a moderately low threat rank compared to other
priority transboundary lakes.
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The Reverse Biodiversity (RvBD) for Lake Itaipu, which is meant to describe its biodiversity sensitivity
to basin-derived degradation, places the lake in a medium threat rank, compared to the other
transboundary lakes. Management interventions directed to improving the biodiversity status must
be viewed with caution, however, since we lack sufficient knowledge and experience to accurately
predict the ultimate impacts of biodiversity manipulations and preservation efforts. Further, the RvBD
scores indicate the relative sensitivity of a lake basin to human activities, and high threat scores per
se do not necessarily justify management interventions. Such interventions may actually increase
biodiversity degradation, noting that many developed countries have already fundamentally
degraded their biodiversity because of economic development activities. Thus, activities undertaken
to address the Adj-HWS threats may actually degrade the biodiversity status and resources, even if
the health and socioeconomic conditions of the lake basin stakeholders are improved as a result of
better conditions, thereby increasing stakeholder resource consumption.

The relative Human Development Index (HDI) places the Lake Itaipu basin in a moderately low threat
rank in regard to its health, educational and economic conditions.

Table 2. Lake Itaipu Threat Ranks, Based on Multiple Ranking Criteria
(Scores for Adj-HWS, RvBD and HDI ranks are presented in Table 1; the ranks may differ in some cases
because of rounding of tied threat scores; Estimated risks: red — highest; orange — moderately high; yellow -
medium;
green — moderately low; blue — low)

Adj- Sur}1 Relative Sur}1 Relative Sum Adj- Overall
HDI | RvBD Adj- Adj-
HWS Threat Threat HWS + RvBD Threat
Rank LS L b Rank b Rank + HDI Rank
RvBD HDI
37 37 29 66 37 74 37 103 37

When multiple ranking criteria are considered together in the threat rank calculations, the Adj-HWS
and HDI scores considered together place Lake ltaipu in the lower third of the threat ranks. The
relative threat is similar when the Adj-HWS and RvBD threats are considered together. Considering
all three ranking criteria together, Lake ltaipu exhibits a moderately low threat ranking.

Interactions between the ranking parameters for Lake Itaipu indicate differing sensitivity to basin-
derived stresses. Identifying potential management interventions needs for Lake Itaipu must be
considered on the basis of educated judgement and accurate representations of its situation. A
fundamental question will be how can one decide a given management intervention will produce the
greatest benefit(s) for the greatest number of people in the Lake Itaipu basin? Accurate answers to
such questions for Lake Itaipu, and other transboundary lakes, will require a case-by-case assessment
approach that considers the specific lake situation and the anticipated improvements from specific
management interventions, as well as interactions with water systems to which the lake is linked.
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Salto de Grande Geographic Information
Lake Salto Grande is a reservoir constructed on the Uruguay River between Argentina and Uruguay to
produce hydroelectric power for the two countries. Much of the energy is used in Uruguay, which
often surpasses the consumption of Montevideo. It also is an important recreational center. Its
construction resulted in the relocation of about 22,000 people. The vast flat plains area downstream
of the reservoir, experiences results in accelerated soil erosion in the rainy season. Siltation is a
resulting problem, in spite of afforestation efforts undertaken around the waterbody. The reservoir is
facing a wide range of environmental problems, including eutrophication and trace organic chemical
contamination. The suitability of this lake for possible GEF-catalyzed management interventions
depends on many factors, including the potential economic and social development gains to be
realized for the region. It also requires an assessment of the lake’s current scientific status.
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Salto de Grande Threat Ranking

4

TWAP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

A serious lack of global-scale uniform data on the TWAP transboundary in-lake conditions required
their potential threat risks be estimated on the basis of the characteristics of their drainage basins,

rather than in-lake conditions.

Using basin characteristics to rank transboundary lake threats

precludes consideration of the unique features that can buffer their in-lake responses to basin-derived
disturbances, including an integrating nature for all inputs, long water retention times, and complex,

non-linear response dynamics.

The lake threat ranks were calculated with a spreadsheet-based interactive scenario analysis program,
incorporating data and information about the nature and magnitude of their basin-derived stresses,
and their possible impacts on the sustainability of their ecosystem services. These descriptive data for
Salto de Grande and the other transboundary lakes included lake and basin areas, population numbers
and densities, areal extent of basin stressors on the lake, data grid size, and other components
considered important from the perspective of the user of the data results. The scenario analysis
program also provides a means to define the appropriate context and preconditions for interpreting

the ranking results.

The Salto de Grande threat ranks are expressed in terms of the Adjusted Human Water Security (Adj-
HWS) threats, Reverse Biodiversity (RvBD) threats, and the Human Development Index (HDI) score, as

well as combinations of these indices.

However, it is emphasized that, being based on specific

characteristics and assumptions regarding Salto de Grande and its basin characteristics, the calculated
threat scores represent only one possible set of lake threat rankings. Defining the appropriate context
and preconditions for interpreting the lake rankings remains an important responsibility of those using
the threat ranking results, including lake managers and decision-makers.

Table 1. Salto de Grande Relative Threat Ranks, Based on Adjusted Human
Water Security (Adj-HWS) and Reverse Biodiversity Threats,

and Human Development Index (HDI) Score
(Estimated risks: red — highest; orange — moderately high; yellow — medium;
green — moderately low; blue — low)

Adjusted Human | Relative Reverse Relative Human Relative
Water Security | Adj-HWS Biodiversity RvBD Development HDI
(Adj-HWS) Threat| Threat (RvBD) Threat Index (HDI) Rank
Score Rank Threat Score Rank Score
0.67 40 0.70 0.74 38

It is emphasized that the Salto de Grande rankings above are discussed here within the context of the

management and decision-making process, rather than as strict numerical ranks.

Based on its

geographic, population and socioeconomic assumptions used in the scenario analysis program, the
calculated Adj-HWS score for Salto de Grande indicates a moderately low threat rank compared to

other priority transboundary lakes.
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The Reverse Biodiversity (RvBD) for Salto de Grande, which is meant to describe its biodiversity
sensitivity to basin-derived degradation, places the lake in a high threat rank, compared to the other
transboundary lakes. Management interventions directed to improving the biodiversity status must
be viewed with caution, however, since we lack sufficient knowledge and experience to accurately
predict the ultimate impacts of biodiversity manipulations and preservation efforts. Further, the RvBD
scores indicate the relative sensitivity of a lake basin to human activities, and high threat scores per
se do not necessarily justify management interventions. Such interventions may actually increase
biodiversity degradation, noting that many developed countries have already fundamentally
degraded their biodiversity because of economic development activities. Thus, activities undertaken
to address the Adj-HWS threats may actually degrade the biodiversity status and resources, even if
the health and socioeconomic conditions of the lake basin stakeholders are improved as a result of
better conditions, thereby increasing stakeholder resource consumption.

The relative Human Development Index (HDI) places the Salto de Grande basin in a moderately low
threat rank in regard to its health, educational and economic conditions.

Table 2. Salto de Grande Threat Ranks, Based on Multiple Ranking Criteria
(Scores for Adj-HWS, RvBD and HDI ranks are presented in Table 1; the ranks may differ in some cases
because of rounding of tied threat scores; Estimated risks: red — highest; orange — moderately high; yellow -
medium;
green — moderately low; blue — low)

Adj- Sur}1 Relative Sur}1 Relative Sum Adj- Overall
HDI | RvBD Adj- Adj-
HWS Threat Threat HWS + RvBD Threat
Rank LS L b Rank b Rank + HDI Rank
RvBD HDI
40 38 11 51 28 78 39 89 32

When multiple ranking criteria are considered together in the threat rank calculations, the Adj-HWS
and HDI scores considered together place Salto de Grande in the lower third of the threat ranks. The
relative threat is somewhat increased when the Adj-HWS and RvBD threats are considered together.
Considering all three ranking criteria together, Salto de Grande exhibits a medium threat ranking.

Interactions between the ranking parameters for Salto de Grande indicate differing sensitivity to
basin-derived stresses. ldentifying potential management interventions needs for Salto de Grande
must be considered on the basis of educated judgement and accurate representations of its situation.
A fundamental question will be how can one decide a given management intervention will produce
the greatest benefit(s) for the greatest number of people in the Salto de Grande basin? Accurate
answers to such questions for Salto de Grande, and other transboundary lakes, will require a case-by-
case assessment approach that considers the specific lake situation and the anticipated improvements
from specific management interventions, as well as interactions with water systems to which the lake
is linked.
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Lake Titicaca Geographic Information

Lake Titicaca is a large, deep lake in the Andes mountain region, the largest lake in South America by
volume. Composed of two nearly separate sub-basins connected by a narrow strait, it also is the
world’s highest commercially-navigable lake. The lake is a sacred place for the Inca civilization, and
the remnants of an ancient people (the Uru), still live on floating mats of a reedlike papyrus that grows
in dense stands in the lake’s marshy shallows, as well as making traditional crescent-shaped fishing
boats from them. The lake holds large water bird populations, having been designated a Ramsar Site.
Pollution and invasive species threaten its biodiversity. Although formerly believed to be drying up,
more recent studies suggest Lake Titicaca is experiencing a regular risk-and-fall cycle. Although the
lake has previously received GEF funding, it is again becoming a possible subject for GEF-catalyzed
management interventions, which would require due elaboration of an appropriately-established
international consultative process.
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Lake Titicaca Basin Characteristics
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Lake Titicaca Threat Ranking

A serious lack of global-scale uniform data on the TWAP transboundary in-lake conditions required
their potential threat risks be estimated on the basis of the characteristics of their drainage basins,
rather than in-lake conditions. Using basin characteristics to rank transboundary lake threats
precludes consideration of the unique features that can buffer their in-lake responses to basin-derived
disturbances, including an integrating nature for all inputs, long water retention times, and complex,
non-linear response dynamics.

The lake threat ranks were calculated with a spreadsheet-based interactive scenario analysis program,
incorporating data and information about the nature and magnitude of their basin-derived stresses,
and their possible impacts on the sustainability of their ecosystem services. These descriptive data for
Lake Titicaca and the other transboundary lakes included lake and basin areas, population numbers
and densities, areal extent of basin stressors on the lake, data grid size, and other components
considered important from the perspective of the user of the data results. The scenario analysis
program also provides a means to define the appropriate context and preconditions for interpreting
the ranking results.

The Lake Titicaca threat ranks are expressed in terms of the Adjusted Human Water Security (Adj-
HWS) threats, Reverse Biodiversity (RvBD) threats, and the Human Development Index (HDI) score, as
well as combinations of these indices. However, it is emphasized that, being based on specific
characteristics and assumptions regarding Lake Titicaca and its basin characteristics, the calculated
threat scores represent only one possible set of lake threat rankings. Defining the appropriate context
and preconditions for interpreting the lake rankings remains an important responsibility of those using
the threat ranking results, including lake managers and decision-makers.

Table 1. Lake Titicaca Relative Threat Ranks, Based on Adjusted Human
Water Security (Adj-HWS) and Reverse Biodiversity Threats, and Human

Development Index (HDI) Score
(Estimated risks: red — highest; orange — moderately high; yellow — medium;
green — moderately low; blue — low)

HTWAP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

Adjusted Human | Relative Reverse Relative Human Relative
Water Security | Adj-HWS Biodiversity RvBD Development HDI
(Adj-HWS) Threat| Threat (RvBD) Threat Index (HDI) Rank
Score Rank Threat Score Rank Score
0.82 31 0.71 0.71 32

It is emphasized that the Lake Titicaca rankings above are discussed here within the context of the
management and decision-making process, rather than as strict numerical ranks. Based on its
geographic, population and socioeconomic assumptions used in the scenario analysis program, the
calculated Adj-HWS score for Lake Titicaca indicates a medium threat rank compared to other priority
transboundary lakes.
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The Reverse Biodiversity (RvBD) for Lake Titicaca, which is meant to describe its biodiversity sensitivity
to basin-derived degradation, places the lake in a high threat rank, compared to the other
transboundary lakes. Management interventions directed to improving the biodiversity status must
be viewed with caution, however, since we lack sufficient knowledge and experience to accurately
predict the ultimate impacts of biodiversity manipulations and preservation efforts. Further, the RvBD
scores indicate the relative sensitivity of a lake basin to human activities, and high threat scores per
se do not necessarily justify management interventions. Such interventions may actually increase
biodiversity degradation, noting that many developed countries have already fundamentally
degraded their biodiversity because of economic development activities. Thus, activities undertaken
to address the Adj-HWS threats may actually degrade the biodiversity status and resources, even if
the health and socioeconomic conditions of the lake basin stakeholders are improved as a result of
better conditions, thereby increasing stakeholder resource consumption.

The relative Human Development Index (HDI) places the Lake Titicaca basin in a medium threat rank
in regard to its health, educational and economic conditions.

Table 2. Lake Titicaca Threat Ranks, Based on Multiple Ranking Criteria
(Scores for Adj-HWS, RvBD and HDI ranks are presented in Table 1; the ranks may differ in some cases
because of rounding of tied threat scores; Estimated risks: red — highest; orange — moderately high; yellow -
medium;
green — moderately low; blue — low)

Adj- Sur}1 Relative Sur}1 Relative Sum Adj- Overall
HDI | RvBD Adj- Adj-
HWS Threat Threat HWS + RvBD Threat
Rank LS L b Rank b Rank + HDI Rank
RvBD HDI
32 32 8 40 22 25 35 72 26

When multiple ranking criteria are considered together in the threat rank calculations, the Adj-HWS
and HDI scores considered together place Lake Titicaca in the lower third of the threat ranks. The
relative threat is somewhat increased when the Adj-HWS and RvBD threats are considered together.
Considering all three ranking criteria together, Lake Titicaca exhibits a medium threat ranking.

Interactions between the ranking parameters for Lake Titicaca indicate differing sensitivity to basin-
derived stresses. Identifying potential management interventions needs for Lake Titicaca must be
considered on the basis of educated judgement and accurate representations of its situation. A
fundamental question will be how can one decide a given management intervention will produce the
greatest benefit(s) for the greatest number of people in the Lake Titicaca basin? Accurate answers to
such questions for Lake Titicaca, and other transboundary lakes, will require a case-by-case
assessment approach that considers the specific lake situation and the anticipated improvements
from specific management interventions, as well as interactions with water systems to which the lake
is linked.
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Lago de Yacyreta Geographic Information

Lago de Yacyreta is a reservoir constructed on the La Plata River for hydropower production for
Paraguay and Argentina. Most of the produced energy is utilized in Argentina, with a small portion
going to Paraguay. Some criticized the project for an inadequate assessment of needs and
environmental damage of the local ecology prior to its construction. Its flooding resulted in the
relocation of an estimated 11,000 animals from 110 different species, as well as the relocation of
40,000 people. Nevertheless, the area is reported to have an abundant fauna and fishing areas. A
ship lock was built on the Argentine side of the river to ease navigation, as was a fish ladder to aid in
fish migration. The lake has long faced some serious environmental challenges, again becoming a
subject for potential GEF consideration that would require an appropriately-established international
consultative process, including an assessment of the lake’s current scientific status.
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Lago de Yacyreta Basin Characteristics
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Lago de Yacyreta Threat Ranking

A serious lack of global-scale uniform data on the TWAP transboundary in-lake conditions required
their potential threat risks be estimated on the basis of the characteristics of their drainage basins,
rather than in-lake conditions. Using basin characteristics to rank transboundary lake threats
precludes consideration of the unique features that can buffer their in-lake responses to basin-derived
disturbances, including an integrating nature for all inputs, long water retention times, and complex,
non-linear response dynamics.

The lake threat ranks were calculated with a spreadsheet-based interactive scenario analysis program,
incorporating data and information about the nature and magnitude of their basin-derived stresses,
and their possible impacts on the sustainability of their ecosystem services. These descriptive data for
Lago de Yacyreta and the other transboundary lakes included lake and basin areas, population
numbers and densities, areal extent of basin stressors on the lake, data grid size, and other
components considered important from the perspective of the user of the data results. The scenario
analysis program also provides a means to define the appropriate context and preconditions for
interpreting the ranking results.

The Lago de Yacyreta threat ranks are expressed in terms of the Adjusted Human Water Security (Adj-
HWS) threats, Reverse Biodiversity (RvBD) threats, and the Human Development Index (HDI) score, as
well as combinations of these indices. However, it is emphasized that, being based on specific
characteristics and assumptions regarding Lago de Yacyreta and its basin characteristics, the
calculated threat scores represent only one possible set of lake threat rankings. Defining the
appropriate context and preconditions for interpreting the lake rankings remains an important
responsibility of those using the threat ranking results, including lake managers and decision-makers.

Table 1. Lago de Yacyreta Relative Threat Ranks, Based on Adjusted Human
Water Security (Adj-HWS) and Reverse Biodiversity Threats, and Human

Development Index (HDI) Score
(Estimated risks: red — highest; orange — moderately high; yellow — medium;
green — moderately low; blue — low)

HGTWAP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

Adjusted Human | Relative Reverse Relative Human Relative
Water Security | Adj-HWS Biodiversity RvBD Development HDI
(Adj-HWS) Threat| Threat (RvBD) Threat Index (HDI) Rank
Score Rank Threat Score Rank Score
0.75 37 0.66 19 0.73 35

It is emphasized that the Lago de Yacyreta rankings above are discussed here within the context of
the management and decision-making process, rather than as strict numerical ranks. Based on its
geographic, population and socioeconomic assumptions used in the scenario analysis program, the
calculated Adj-HWS score for Lago de Yacyreta indicates a moderately low threat rank compared to
other priority transboundary lakes.
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The Reverse Biodiversity (RvBD) for Lago de Yacyreta, which is meant to describe its biodiversity
sensitivity to basin-derived degradation, increases the lake threat to a moderately high threat rank,
compared to the other transboundary lakes. Management interventions directed to improving the
biodiversity status must be viewed with caution, however, since we lack sufficient knowledge and
experience to accurately predict the ultimate impacts of biodiversity manipulations and preservation
efforts. Further, the RvBD scores indicate the relative sensitivity of a lake basin to human activities,
and high threat scores per se do not necessarily justify management interventions. Such interventions
may actually increase biodiversity degradation, noting that many developed countries have already
fundamentally degraded their biodiversity because of economic development activities. Thus,
activities undertaken to address the Adj-HWS threats may actually degrade the biodiversity status and
resources, even if the health and socioeconomic conditions of the lake basin stakeholders are
improved as a result of better conditions, thereby increasing stakeholder resource consumption.

The relative Human Development Index (HDI) places the Lago de Yacyreta basin in a moderately low
threat rank in regard to its health, educational and economic conditions.

Table 2. Lago de Yacyreta Threat Ranks, Based on Multiple Ranking Criteria
(Scores for Adj-HWS, RvBD and HDI ranks are presented in Table 1; the ranks may differ in some cases
because of rounding of tied threat scores; Estimated risks: red — highest; orange — moderately high; yellow -
medium;
green — moderately low; blue — low)

Adj- Sur}1 Relative Sur}1 Relative Sum Adj- Overall
HDI | RvBD Adj- Adj-
HWS Threat Threat HWS + RvBD Threat
Rank LS L b Rank b Rank + HDI Rank
RvBD HDI
33 36 20 58 32 74 38 94 34

When multiple ranking criteria are considered together in the threat rank calculations, the Adj-HWS
and HDI scores considered together place Lago de Yacyreta in the lower third of the threat ranks. The
relative threat is somewhat reduced when the Adj-HWS and RvBD threats are considered together.
Considering all three ranking criteria together, Lago de Yacyreta exhibits a moderately low threat
ranking.

Interactions between the ranking parameters for Lago de Yacyreta indicate differing sensitivity to
basin-derived stresses. ldentifying potential management interventions needs for Lago de Yacyreta
must be considered on the basis of educated judgement and accurate representations of its situation.
A fundamental question will be how can one decide a given management intervention will produce
the greatest benefit(s) for the greatest number of people in the Lago de Yacyreta basin? Accurate
answers to such questions for Lago de Yacyreta, and other transboundary lakes, will require a case-
by-case assessment approach that considers the specific lake situation and the anticipated
improvements from specific management interventions, as well as interactions with water systems to
which the lake is linked.
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METHODOLOGY AND CAVEATS REGARDING
TRANSBOUNDARY LAKE THREAT RANKS

A serious lack of global-scale uniform data on the TWAP transboundary in-lake conditions required
their potential risks be estimated on the basis of the characteristics of their drainage basins, rather
than analysis of their in-lake conditions. The lake threat ranks were calculated with a scenario analysis
program that allowed incorporation of specific assumptions and preconditions about the nature and
magnitude of their basin-derived stresses, and their possible impacts on the sustainability of their
ecosystem services, as defined by the user of the ranking results. Because the transboundary lake
threat ranks are based on specific lake and basin assumptions, therefore, the calculated rankings
represent only one possible set of lake rankings.

Using basin characteristics to rank transboundary lake threats precludes consideration of the unique
features that can buffer their in-lake responses to basin-derived disturbances, including an integrating
nature for all inputs, long water retention times, and complex, non-linear response dynamics. A global
overview of river basin threats based on 23 basin-scale drivers under four thematic areas (catchment
disturbance; pollution; water resource development; biotic factors) was modified for the
transboundary lakes assessment. The driver weights were initially based on collective opinions of
experts exhibiting a range of disciplinary expertise, subsequently being refined with inputs from lake
scientists and managers participating in ILEC’s 15™ World Lake Conference.

A spreadsheet-based, interactive scenario analysis program was used to rank the transboundary lake
threats. The lake basin characteristics were determined by superimposing the lake basins over the
river basin grids, and scaling the driver data to lake basin scale. Selected basin drivers, weights and
preconditions were used in the scenario analysis program to calculate the relative lake threat ranks,
expressed in terms of the Incident (HWS) and Adjusted (Adj-HWS) Human Water Security and Incident
Biodiversity (BD) threats.

The transboundary lake analyses incorporated several assumptions and preconditions. Small
transboundary lakes (area <5 km?), sparse basin populations (< 5 persons km™), or that were frozen
over for major portions of the year (annual air temperature <5 °C), were eliminated from the analyses.
The areal extent of the influences of the basin drivers was addressed with a sensitivity analysis that
indicated an areal band of 100 km*around a lake, appropriately clipped for the surrounding basin, was
a realistic upper boundary for the scenario analysis program. The river basin grid size was problematic
in that some grids (30’ grid [0.5°]) were often larger than those of some transboundary lake basins,
and about 10% of the transboundary lakes lacked driver data for some grids. Based on these
considerations, a final list of 53 priority transboundary lakes was selected for the scenario analysis
program calculations of relative threat scores.

Insights obtained from lake scientists and managers participating in the 15™ World Lake Conference
helped address some of these concerns. Region-specific lake questionnaires also were distributed in
some cases, obtaining both quantitative and qualitative data regarding the transboundary lakes and
their basins.

These various factors and concerns indicate the transboundary lake threat ranks must be considered
within the context of the specific basin conditions and assumptions used to derive them, since they
represent only one possible set of lake threat rankings. Other factors such as lake and basin area,

HTWAP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

121



HTWAP

Transboundary Lake / Reservoir Information Sheet TRANSBOUNDARY WATERS ASSESSMENT PROGRANME

basin population and density, regional location, per capita Gross National Income (GNI), and Human

Development Index (HDI) could produce markedly different ranking results. Defining the appropriate
context and preconditions for interpreting the lake ranking results, a task beyond the scope of this
analysis, remains an important responsibility of those using the results, including lake managers and
decision-makers.

The calculated ranks of the priority transboundary lakes, based on the specific assumptions and
preconditions regarding the lakes and their drainage basins, is expressed below in terms of Adjusted
Human Water Security (Adj-HWS) threats, Reverse Biodiversity (RvBD) threats, and Human
Development Index (HDI) status. The Incident Human Water Security (HWS) score would suggest the
current threat ranks of the lakes. However, for identifying needed management interventions, the
ability of the basin countries to undertake investments to reduce identified transboundary water
threats (i.e., water supply stabilization, improved water services, etc.) is also a relevant factor. This
ability is considered within the context of the Adj-HWS threat. Countries less able to make such
investments, mainly developing countries, exhibited higher Adj-HWS threats. Thus, the Adj-
HWS threat ranks provide a more realistic picture of the transboundary lakes most in need of
catalytic funding for management interventions than those with lower Adj-HWS scores.

Our more limited knowledge and experience regarding the ultimate outcomes of ecosystem
restoration and conservation activities precluded a BD metric identical to the Adj-HWS threat.
The Adj-HWS threat rank is meant to identify the transboundary lakes in most need of
management interventions from a water investment perspective. The native biodiversity of
most developed countries, however, has already been largely degraded as a result of their
economic development activities. Thus, the preservation of those ecosystems still exhibiting
the most pristine or undisturbed conditions should be the major BD management
intervention goal. To address this goal, a RvBD threat was developed as a BD surrogate to
define relative BD threats. It was calculated as 1-BD score, with the resulting RvBD score
indicating the relative ‘pristineness’ of a lake in regard to its biodiversity status. The higher
RvBD scores calculated with this normalization procedure identify the transboundary lakes
most likely to be sensitive to BD degradation and, therefore, the lakes most in need of
management attention.

The Human Development Index (HDI) is a composite statistic used by the United Nations Development
Programme (UNDP) to reflect the relative life expectancy, education level, and per capita income of a
country. A country whose inhabitants exhibit longer life spans, higher education levels, and higher
per capita GDPs typically exhibit higher HDI scores, suggesting a higher overall condition of its citizens.
It is meant to indicate that economic growth alone is not the sole criteria to assessment of a country,
but that the status of its citizens and their capabilities also are important defining factors, therefore
being an indication of potential human development.

Along with the assumptions and preconditions defining specific lake basin characteristics, these three
criteria were major indicators considered within the context of the scenario analysis program to
calculate the relative threat ranks of the transboundary lakes, as presented in the transboundary lake
profile sheets.
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Transboundary Lakes Ranked on Basis of (a) Incident Human Water Security [HWS] Threats,

(b) Adjusted Human Water Security [Adj-HWS] Threats, and (c) Incident Biodiversity [BD] Threats
(Cont., continent; Eur, Europe; N.Am, North America; Afr., Africa; S.Am, South America;
Estimated risks: red — highest; orange — moderately high; yellow — medium; green — moderately low; blue — low)

(A) Lakes Ranked on Basis of Adjusted Human
Water Security (Adj-HWS) Threats

(B) Lakes Ranked on Basis of Reverse
Biodiversity (RvBD) Threats

Index (HDI) Scores

(C) Lakes Ranked on Basis of Human Development

Surface ”&w Surface RvBD Surface HDI
Lake Cont. Area Rank Lake Cont. area Threat | Rank Lake Cont. area Rank
(km?) | Threat (km®) | Score (km?) | Score
Score

Sistan Asia 488.2 1 Lake Congo River Afr. 306.0 1 Lake Congo River Afr 306.0

Ihema Afr. 93.2 2 Sarygamysh Asia 3777.7 2 Selingue Afr 334.4

Azuei S.Am 117.3 3 Chiuta Afr. 143.3 3 Rweru/Moero Afr 125.6

Rweru/Moero Afr. 125.6 4 Mweru Afr. 5021.5 4 Cohoha Afr 64.8

Cohoha AfT. 64.8 5 Aral Sea Asia 23919.3 5 Kivu Afr 2371.1

Edward Afr. 2232.0 6 Tanganyika Afr. 32685.5 6 Mweru Afr 5021.5

Natron/Magadi AfT. 560.4 7 Abbe/Abhe Afr. 310.6 7 Abbe/Abhe Afr 310.6

Abbe/Abhe AfT. 310.6 8 Titicaca S.Am 7480.0 8 Tanganyika Afr 32685.5

Victoria Afr. 66841.5 9 Chilwa Afr. 1084.2 9 Turkana Afr 7439.2

Albert Afr. 5502.3 10 Salto Grande S.Am 532.9 10 Chiuta Afr 143.3

Kivu Afr. 2371.1 11 Turkana Afr. 7439.2 11 Chilwa Afr 1084.2

Malawi/Nyasa Afr. 29429.2 12 Cahora Bassa Afr. 4347.4 0.69 12 Malawi/Nyasa Afr 29429.2

Dead Sea Eur 642.7 0.90 13 Chungarkkota S.Am 52.6 0.69 13 Edward Afr 2232.0 0.43 13
Turkana Afr. 7439.2 0.90 14 Malawi/Nyasa Afr. 29429.2 0.68 14 Nasser/Aswan Afr 5362.7 0.43 14
Aras Su

Qovsaginin Su Asia 52.1 0.89 15 Nasser/Aswan Afr. 5362.7 0.68 15 Cahora Bassa Afr 4347.4 0.43 15
Anbari

Mangla Asia 85.4 0.87 16 Selingue Afr. 3344 0.68 16 Chad Afr 1294.6 0.43 16
Galilee Eur 162.0 0.87 17 Kivu Afr. 2371.1 0.67 17 Kariba Afr 5358.6 0.43 17
Darbandikhan Asia 114.3 0.87 18 Natron/Magadi Afr. 560.4 0.67 18 lhema Afr 93.2 0.44 18
Selingue Afr. 3344 0.87 19 Lago de Yacyreta | S.Am 1109.4 0.66 19 Sistan Asia 488.2 0.46 19
m”wama\ Kara- 1 asia 7461 | 086 20 Kariba Afr. 52586 | 066 20 Albert Afr 5502.3 046 | 20
Nasser/Aswan Afr. 5362.7 | 0.86 | 21 Edward Afr. 22320 | 0.65| 21 Azuei BSAmE 1173 046 | 21
Chilwa Afr. 1084.2 0.86 22 Aby Afr. 438.8 0.65 22 Victoria Afr 66841.5 0.47 22
Wmﬂﬁ\ wmwmo_m- Afr. 1286 | 085 23 Chad Afr. 12946 | 064 | 23 Natron/Magadi Afr 560.4 051 | 23
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Afr. 143.3 0.85 24 Albert Afr. 5502.3 0.63 24 Aby Afr 438.8 0.52 24
Chad Afr. 1294.6 0.84 25 Sistan Asia 488.2 0.62 25 Mangla Asia 85.4 0.54 25
Aral Sea Asia 23919.3 0.84 26 Amistad N.Am 131.3 0.61 26 Aral Sea 23919.3 0.60 26
Tanganyika Afr. | 326855 | 084 27 Caspian Sea Asia | 3775432 | 060| 27 Josini/Pongola- Afr 128.6 061 | 27
poort Dam
Shardara/Kara- .
Aby Afr. 438.8 0.83 28 Cohoha Afr. 64.8 059 28 kul Asia 746.1 0.65 28
Cahul Eur 89.0 0.82 29 Itaipu S.Am 11541 0.58 29 Sarygamysh Asia 3777.7 0.67 29
Chungarkkota S.Am 52.6 0.82 30 Rweru/Moero Afr. 125.6 0.58 30 Darbandikhan Asia 114.3 0.68 30
Titicaca S.Am 7480.0 0.82 31 Azuei S.Am 117.3 0.57 31 Cahul Eur 89.0 0.69 31
Sarygamysh Asia 3777.7 0.82 32 lhema Afr. 93.2 0.56 32 Titicaca 7480.0 0.71 32
Mweru Afr. 5021.5 0.81 33 Victoria Afr. 66841.5 0.56 33 Chungarkkota 52.6 0.71 33
Cahora Bassa Afr. 4347.4 | 078 | 34 Scutari/Skadar Eur 3815 055 | 34 Dead Sea | Eur | 6427 072 | 34
ltaipu SAm | 11541 | 075| 35 m_”_wa_ma\ Kara- | ssia 7461 | 054 35 Lago de Yacyreta 1109.4 073 | 35
Aras Su
Kariba Afr. 5258.6 0.75 36 Huron N.Am 60565.2 0.53 36 Qovsaginin Su 52.1 0.73 36
Anbari
Lago de Yacyreta | S.Am 11094 | 075 | 37 Josini/Pongola- Afr. 1286 | 052 37 Itaipu 1154.1 073 | 37
poort Dam
Lake Congo River Afr. 306.0 0.75 38 Champlain N.Am 1098.9 0.51 38 Salto Grande 532.9 0.74 38
Caspian Sea Asia 377543.2 0.73 39 Ohrid Eur 3543 0.51 39 Ohrid Eur 354.3 0.74 39
Salto Grande S.Am 532.9 0.67 40 Macro Prespa Eur 263.0 0.51 40 Macro Prespa Eur 263.0 0.75 40
Scutari/Skadar Eur 381.5 0.62 41 Dead Sea Eur 642.7 0.51 41 Caspian Sea Asia | 377543.2 0.77 41
Neusiedler/Ferto Eur 141.9 0.58 42 Maggiore Eur 2114 0.49 42 Scutari/Skadar Eur 381.5 0.78 42
Szczecin Lagoon Eur 822.4 0.53 43 Szczecin Lagoon Eur 822.4 0.49 43 Szczecin Lagoon Eur 822.4 0.83 43
Erie N.Am 26560.8 0.51 44 Ontario N.Am 19062.2 0.47 44 Falcon N.Am 120.6 0.85 44
Aras Su
Macro Prespa) Eur 263.0 0.51 45 Qovsaginin Su Asia 52.1 0.47 45 Amistad N.Am 131.3 0.86 45
Anbari
Falcon N.Am 120.6 0.50 46 Darbandikhan Asia 114.3 0.46 46 Galilee Eur 162.0 0.88 46
Amistad N.Am 131.3 0.49 47 Galilee Eur 162.0 0.45 47 Neusiedler/Ferto Eur 141.9 0.88 47
Ontario N.Am 19062.2 0.48 48 Michigan N.Am 58535.5 0.44 48 Lake Maggiore Eur 211.4 0.89 48
Ohrid Eur 354.3 0.47 49 Erie N.Am 26560.8 0.43 49 Ontario N.Am 19062.2 0.92 49
Michigan N.Am 58535.5 0.44 50 Neusiedler/Ferto Eur 141.9 0.39 50 Huron N.Am 60565.2 0.93 50
Huron N.Am 60565.2 0.42 51 Cahul Eur 89.0 0.39 51 Erie N.Am 26560.8 0.93 51
Maggiore Eur 211.4 0.33 52 Mangla Asia 85.4 0.38 52 Champlain N.Am 1098.9 0.94 52
Champlain N.Am 1098.9 0.29 53 Falcon N.Am 120.6 0.38 53 Michigan N.Am 58535.5 0.94 53
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Transboundary Lake Threat Ranks by Multiple Ranking Criteria

(Cont., continent; Eur, Europe; N.Am, North America; Afr, Africa; S.Am, South America;
Adj-HWS, Adjusted Human Water Security threat; HWS, Incident Human Water Security threat; BD, Incident Biodiversity threat;
HDI, Human Development Index, RvBD, surrogate for ‘Adjusted’ Biodiversity threat;
Estimated risks: Red — highest; Orange — moderately high; Yellow — medium; Green — moderately low; Blue — low)

Adj- RvBD Adi- | b1 | RvBD wﬁa Relati .H,,“u_..5 Relati m“ﬁ.w&- Overall

v v j- elative j- elative + vera

Cont. LD ._.__..__Em Threat HDI ”E” Rank | Rank HWS + Rank HWS + Rank RvBD + Rank

reat an RVBD HDI HDI

Afr Abbe/Abhe 0.93 0.71 0.40 7 7 7 14 1 14 3 21
Afr Turkana 0.90 0.70 0.41 13 10 9 22 2 23 10 32
Afr Selingue 0.87 0.68 0.36 16 2 15 31 11 18 5 33
Afr Malawi/Nyasa 0.91 0.68 0.42 9 12 14 23 3 21 9 35
Afr Chiuta 0.85 0.74 0.41 23 9 3 26 5 32 15 35
Afr Cohoha 0.96 0.59 0.38 3 4 28 31 2 7 1 35
Afr Kivu 0.91 0.67 0.38 12 6 18 30 8 18 4 36
Afr Rweru/Moero 0.96 0.58 0.36 4 3 30 34 16 7 2 37
Afr Lake Congo River 0.75 0.78 0.34 35 1 1 36 18 36 19 37
Afr Tanganyika 0.84 0.71 0.40 26 8 6 32 14 34 17 40
Afr Edward 0.94 0.65 0.43 6 13 22 28 7 19 6 41
Afr Chilwa 0.86 0.70 0.41 21 11 10 31 10 32 14 42
Afr Mweru 0.81 0.72 0.38 33 5 4 37 21 38 20 42
Asia | Sistan 0.98 0.62 0.46 1 20 25 26 6 21 8 46
Afr Natron/Magadi 0.93 0.67 0.51 8 23 17 25 4 31 13 48
Afr Nasser/Aswan 0.86 0.68 0.43 20 16 16 36 19 36 18 52
Afr Albert 0.91 0.63 0.46 10 19 24 34 15 29 12 53
Afr lhema 0.97 0.56 0.44 2 18 33 35 17 20 7 53
BSAMN Azuei 0.96 0.57 | 0.46 5] 21| 31 36 20 26 11 57
Asia | Aral Sea 0.84 0.62 0.60 27 26 5 32 13 53 31 58
Asia | Sarygamysh 0.82 0.75 0.67 29 29 2 31 9 58 32 60
Afr Cahora Bassa 0.78 0.69 0.43 34 15 13 a7 25 49 25 62
Afr Victoria 0.91 0.56 0.47 11 22 32 43 24 33 16 65
Afr Chad 0.84 0.64 0.43 25 17 23 48 26 42 21 65
Afr Kariba 0.75 0.66 0.43 36 14 19 55 30 50 28 69
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Titicaca 0.82 0.71 0.71 32 32 8 40 22 25 35 72 26
| Afr | Aby 0.83 0.65 | 0.52 28 24 21 49 27 52 30 73 27
Chungarkkota 0.82 0.69 0.71 31 33 12 43 23 64 34 76 28
Asia Shardara/Kara- 0.86 0.54 0.65 22 28 35 57 31 50 27 85 29
kul
Eur | Dead Sea 0.90 0.51 0.72 14 34 38 52 29 48 24 86 30
Afr Josini/Pongola- 0.85 0.52 0.61 24 27 37 61 34 51 29 88 31
poort Dam
Salto Grande 0.67 0.70 0.74 40 38 11 51 28 78 39 89 32
| Asia | Darbandikhan 0.87 0.46 | 0.68 17 30 46 63 35 47 23 93 33
Lago de Yacyreta 0.75 0.66 0.73 38 36 20 58 32 74 38 94 34
Aras Su 0.89 0.47 0.73 15 35 44 59 33 50 26 94 34
Asia | Qovsaginin Su
Anbari
Asia | Mangla 0.87 0.38 0.54 18 25 53 71 39 43 22 96 36
DSIAmY| Itaipu 0.75 058 | 0.73 37| 37 29 66 37 74 37 103 37
Asia | Caspian Sea 0.73 0.60 0.77 39 41 27 66 36 80 40 107 38
Eur | Galilee 0.87 0.45 0.88 19 46 47 66 38 65 36 112 39
Eur | Cahul 0.82 0.39 0.69 30 31 51 81 42 61 33 112 39
Eur Scutari/Skadar 0.62 0.55 0.78 41 42 34 75 41 83 41 117 41
N.Am | Amistad 0.49 0.61 0.86 47 45 26 73 40 47 40 118 42
Eur Macro Prespa 0.51 0.51 0.75 44 40 40 84 43 84 42 124 43
(Large Prespa)
Eur | Ohrid 0.47 0.51 0.74 49 39 39 88 46 88 44 127 44
Eur Szczecin Lagoon 0.53 0.49 0.83 43 43 43 86 44 86 43 129 45
N.Am | Huron 0.42 0.53 0.93 51 50 36 87 45 101 51 137 46
Eur Neusiedler/Ferto 0.58 0.39 0.88 42 47 50 92 47 89 45 139 47
N.Am | Ontario 0.48 0.47 0.92 48 49 45 93 48 97 49 142 48
Eur Lake Maggiore 0.33 0.50 0.89 52 48 42 94 50 100 50 142 48
N.Am | Falcon 0.50 0.38 0.85 46 44 52 98 53 90 46 142 48
N.Am | Erie 0.51 0.43 0.93 45 51 49 94 51 96 48 145 51
N.Am | Champlain 0.29 0.51 0.94 53 52 41 94 49 105 53 146 52
N.Am | Michigan 0.44 0.44 0.94 50 53 48 98 52 103 52 151 53
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NASA Earth Observatory

Christopher Crouzet, Wikimedia Commons
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Amacuro Basin

Geography
Total drainage area (kmz) 3,719
No. of countries in basin 2

. . Guyana (GUY), Venezuela, Bolivarian
BCUs in basin Republic Of (VEN)
Population in basin
(people)

Country at mouth

1,138

Venezuela, Bolivarian Republic Of

Average rainfall

2,515
(mm/year)
Governance
No. of treaties and 0
agreements’
No. of RBOs and 0

.. 2
Commissions

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Groundwater
Lakes 0
Large Marine 0
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km®)
AMCR_GUY 1,030.83
AMCR_VEN 883.21
Total in Basin 3.47 932.43 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EICIELE]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl Sl
Y y y y y y y Water Resources
(%)
AMCR_GUY 0.12 0.00 0.03 0.00 0 0.10 166.67
AMCR_VEN 0.23 0.00 0.10 0.00 0 0.13 566.65

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/

UNEP-DHI PARTNERSHIP
Centre on Water and Environment
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Total in Basin 0.35 0.00 0.13 0.00 0.00 0.23 311.03 0.01

Socioeconomic Geography

Populati Rural

Area BCU area Populati on ALTEL populati Urbar.1 La:\r.ge GDP per Dan.1
a . . % . pop. . population Cities . No. of Density
BCU (‘000 in basin on (‘000 density on ratio i capita
km?) (%) Sy (— growth (% pop ratio (% pop. | (>500 (USD) dams (No./000
2 (%) : urban) ,000) .000 km?)
km?) rural)
A“GAL(J:\'; 1 0.19 1 1.03 0.22 0 3,846.53 0 0.00
AyECI\T 3 0.81 0 0.14 1.67 0 14,414.75 0 0.00
Total
in 4 1.00 1 0.31 0.88 0.00 0.00 0 7,660.79 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
Thematic . 5 . .
T Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU 1 2 3 11 12 14

o /////// ///%% - /////// — //5 e

Indicators

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution

6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 — Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

. . . . 11.Hydrop
PrO{ected 1.Environmental water 2.Human water stress 4.Nutrient pollution 16.Change in Populatmn olitical
Indicator stress density )

tension
Basin BCU P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 Projected

AMCR_GUY %///%/%
AMCR_VEN 2 2 %////%//%///%

River Basin 2 2 3

TWAP RB Assessment results: Water System Linkages

Lake Influence
Indicator

Basin/Delta 17 18 19 20 21

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.

Thematic group Delta Vulnerability Index
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Amazon Basin
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Geography
Total drainage area (kmz)

No. of countries in basin

BCUs in basin

Population in basin
(people)

Country at mouth
Average rainfall
(mm/year)

Governance

No. of treaties and
agreements1

No. of RBOs and
Commissions’

River Basins

HTWAP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

5,888,269
9

Bolivia, Plurinational State Of (BOL),
Brazil (BRA), Colombia (COL), Ecuador
(ECU), French Guiana (GUF), Guyana
(GUY), Peru (PER), Suriname (SUR),
Venezuela, Bolivarian Republic Of
(VEN)

32,163,919
Brazil

2,249

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Groundwater
Lakes

Large Marine
Ecosystems

74

1

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . N )
BCU T " e Recharge Discharge Reservoir Surface | Reservoir Volume
y y (km®/year) (km®/year) Area (km?) (km?)
AMZN_BOL 475.24 2,284.04 17.50
AMZN_BRA 1,262.14 12,855.46 112.87
AMZN_COL 2,201.14 63.30 0.37
AMZN_ECU 736.22
AMZN_GUF
AMZN_GUY 878.93
AMZN_PER 616.11 198.80 0.93
AMZN_SUR

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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AMZN_VEN 2,254.09
Total in Basin 6,540.45 1,110.76 15,401.60 131.66
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita asa % of Total
BCU (km®/year) | (km/year) | (km/year) | (km®/year) (km®/year) (km®/year) (m*/year) Actual Renewable
y Y Y Y Y Y y Water Resources
(%)
AMZN_BOL 852.28 185.19 74.22 353.57 15 224.42 110.59
AMZN_BRA 2,303.46 283.39 295.86 840.89 181 702.53 257.47
AMZN_COL 336.58 48.99 44.17 0.00 11 232.48 193.48
AMZN_ECU 1,414.69 287.58 39.53 303.92 357 426.34 507.91
AMZN_GUF
AMZN_GUY 0.43 0.13 0.19 0.00 0 0.11 108.42
AMZN_PER 5,551.91 2,635.50 74.74 255.07 1,257 1,329.75 505.68
AMZN_SUR
AMZN_VEN 0.53 0.00 0.17 0.00 0 0.36 218.02
Total in Basin 10,459.89 3,440.77 528.88 1,753.46 1,820.79 2,915.99 325.21 0.16
Socioeconomic Geography
Populati Rural
Area BCU area Populati on UL populati Urbarli L?r.ge GDP per Da'T‘
. . . . . pop. . population Cities . No. of Density
BCU (‘000 in basin on (‘000 density on ratio L capita
km?) (%) Sy (- growth (% pop ratio (% pop. | (>500 (USD) dams (No./OO?
2 (%) . urban) ,000) .000 km®)
km?) rural)
A';'é? 713 0.12 7,707 10.82 1.64 0.00 100.00 4 2,867.64 2 2.81
AMZN
BRA 3,677 0.62 8,946 2.43 0.94 0.00 100.00 5 11,208.08 3 0.82
A'\élé? 341 0.06 1,740 5.11 1.46 0.00 100.00 0 7,825.68 0 0.00
A'ZICZL’;‘ 132 0.02 2,785 21.09 1.49 0.00 100.00 4 5,720.18 0 0.00
AMZN
GUF 0 0.00 0 1.09 2.70 0 0 0.00
AZ‘S? 13 0.00 4 0.31 0.22 100.00 0.00 0 3,846.53 0 0.00
AI\':IEZ;\l 961 0.16 10,979 11.42 1.07 7.92 92.08 8 6,659.81 3 3.12
A’;AUZQI 0 0.00 0 0.47 0.99 0 9,699.87 0 0.00
A'\\;lEZ'\’T 52 0.01 2 0.05 1.67 0 14,414.75 0 0.00
Total
in 5,888 1.00 32,164 5.46 1.28 2.72 97.28 21 6,998.16 8 1.36
Basin

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator’

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.

LS, UNEP-DHI PARTNERSHIP
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Thematic
group

Water Quantity Water Quality Ecosystems Governance Socioeconomics

BCU

— ]
///// 3 3

AMZN_BR
A

AMZN_EC
U

| -
-%-- \---

|
JJQ

AMZN_PE
R

AMZN_VE
N

Indicators

2 — Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution
8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
14 - Societal well-being 15 — Exposure to

1 - Environmental water stress
6 — Wetland disconnectivity 7 —Ecosystem impacts from dams
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

TWAP RB Assessment results: Water System Linkages

Thematic group

Lake Influence

Projected 1.Environmental water . . 16.Change in population 11.I-.|y.drop
Indicator stress 2.Human water stress 4.Nutrient pollution iy olntnf:al
tension

Basin BCU P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 Projected

AMZN_BOL

AMZN_BRA

AMZN_COL

AMZN_ECU 3

AMZN_GUF

AMZN_GUY

AMZN_PER 3 3

AMZN_SUR

AMZN_VEN 3

River Basin 3

Indicator

UNEP—DHI PARTNERSHIP
Centre on Water and Environment
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Basin/Delta 21

River Basin

Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Aviles Basin

N Geography
A Total drainage area (kmz) 296
No. of countries in basin 2
BCUs in basin Argentina (ARG), Chile (CHL)
Population in basin 1729
(people)
Country at mouth Argentina
G Average rainfall
(mm/year)
Governance
No. of treaties and 0
agreements1
No. of RBOs and 0

.. 2
Commissions

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

— - o Groundwater
Lakes 0
Large Marine 1
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km?)
AVLS_ARG
AVLS_CHL
Total in Basin 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EICIELE]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl Sl
Y y y y y y y Water Resources
(%)
AVLS_ARG
AVLS_CHL

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/
2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin

Socioeconomic Geography

Populati Rural
Area BCU area Populati on ALTEL populati Urbarj La:\r.ge GDP per Dan.1
. . . . . pop. A population Cities . No. of Density
BCU (‘000 in basin on (‘000 density on ratio g capita
km?) (%) Sy (— growth (% pop. ratio (% pop. | (>500 (USD) dams (No./OO?
2 (%) urban) ,000) .000 km®)
km?) rural)
AVLS_ 0 0.89 2 6.35 0.88 0 14,760.20 0 0.00
ARG
AXI:IS__ 0 0.11 0 1.61 0.97 0 15,732.31 0 0.00
Total
in 0 1.00 2 5.84 0.87 0.00 0.00 0 14,788.82 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
Thematic . 5 . .
T Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU 1 2 3 4 5 6 7 8 11 12 13 14 15
e
AVLS_AR //// 3 4 X 5 X
G |
AVLS_CHL - ] 2 - 1 % 3 2 1 2 1
River . % .
. / 3 4 1 2 1
Basin ]
Indicators
1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5 - Wastewater pollution
6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

. . . . 11.Hydrop
Prol.ected I 2.Human water stress 4.Nutrient pollution pechonel P opulation olitical
Indicator stress density .

tension
Basin BCU P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 Projected

AVLS_ARG f////////////%f////////////%
AVLS_CHL f///////////%;////////////%/ _

3

TWAP RB Assessment results: Water System Linkages

Lake Influence

Thematic group Indicator

Delta Vulnerability Index

Basin/Delta 17 18 19 20 21

River Basin

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Aysen Basin

Geography

Total drainage area (kmz)
No. of countries in basin
BCUs in basin

Population in basin
(people)

Country at mouth

Average rainfall
(mm/year)

Governance

No. of treaties and
agreements1

No. of RBOs and
Commissions’

HTWAP

River Basins

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

12,550
2

Argentina (ARG), Chile (CHL)

55,908
Chile

1,666

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Groundwater
Lakes

Large Marine
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km®)
AYSN_ARG 591.29
AYSN_CHL 1,238.56
Total in Basin 14.65 1,166.99 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EICIELE]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl Sl
Y y y y y y y Water Resources
(%)
AYSN_ARG 3.19 1.64 0.86 0.00 0 0.69 6,219.37
AYSN_CHL 16.50 291 1.60 6.31 2 3.78 297.77

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/

UNEP-DHI PARTNERSHIP
Centre on Water and Environment
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Total in Basin 19.69 4.55 2.46 6.31 1.90 4.47 352.12 0.13

Socioeconomic Geography

Populati Rural

Area BCU area Populati on ALTEL populati Urbar} La:\r.ge GDP per Dan.1
a . . % . pop. . population Cities . No. of Density
BCU (‘000 in basin on (‘000 density on ratio i capita
km?) (%) Sy (— growth (% pop ratio (% pop. | (>500 (USD) dams (No./000
2 (%) : urban) ,000) .000 km?)
km?) rural)
AZ;Z— 1 0.06 1 0.70 0.88 0 14,760.20 0 0.00
AYSN
CHL_ 12 0.94 55 4.69 0.97 0.00 100.00 0 15,732.31 0 0.00
Total
in 13 1.00 56 4.45 0.88 0.00 99.08 0 15,723.39 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
Thematic . 5 . .
Water Quantity Water Quality Ecosystems Governance Socioeconomics

group

o - ////%% = // // // — %

Indicators

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution

6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

. . . . 11.Hydrop
PrO{ected 1.Environmental water 2.Human water stress 4.Nutrient pollution 16.Change in Populatmn olitical
Indicator stress density )

tension
Basin BCU P-2030 P-2050 P-2030 P-2050 Prolected

TWAP RB Assessment results: Water System Linkages

Lake Influence

Thematic group Indicator

Delta Vulnerability Index

Basin/Delta 17 18 19 20 21

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Baker Basin

Geography
Total drainage area (kmz) 26,886
No. of countries in basin 2
BCUs in basin Argentina (ARG), Chile (CHL)
Population in basin 11,612
(people)
Country at mouth Chile
Average rainfall 731
(mm/year)
Governance
No. of treaties and 0
agreements’
No. of RBOs and

L2 0
Commissions
Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)
Groundwater
Lakes 6
Large Marine 0
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km?)
BAKR_ARG 169.72 1,019.52 239.50
BAKR_CHL 518.61 1,255.78 300.76
Total in Basin 11.25 418.47 2,275.30 540.27
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EICIELE]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl Sl
Y y y y y y y Water Resources
(%)
BAKR_ARG 6.88 6.02 0.47 0.00 0 0.39 4,855.90
BAKR_CHL 14.73 10.99 1.40 1.34 0 1.00 1,444.59

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/
2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin 21.61 17.01 1.87 1.34 0.00 1.39 1,860.57 0.19

Socioeconomic Geography

L] Annual e Urban Large Dam
Area BCU area Populati on populati . ", GDP per .
BCU (‘000 in basin on (‘000 density pop. on ratio popSlatiag Cities capita hIn G Density
km?) (%) - (— growth (% po ratio (% pop. | (>500 (USD) dams (No./000
g el pkm‘i) (%) rL':al')" urban) ,000) .000 km?)
B::g— 7 0.24 1 0.22 0.88 0.00 100.00 0 14,760.20 0 0.00
Béﬁi— 20 0.76 10 0.50 0.97 0 15,732.31 0 0.00
Total
in 27 1.00 12 0.43 0.88 0.00 12.19 0 15,613.78 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
T’;’:::c Water Quantity Water Quality Ecosystems Governance Socioeconomics
1 2 3 4 5 6 9 11 12 13 14 15
BAKR_AR %///%////W %%
BAKR_CH
L 2 1 2 2 1 %///% 3 2 1 2 4
River
Basin 2 1 2 2 2 1 ///// 3 2 1 2 4

Indicators

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution

6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

. . . . 11.Hydrop
PrO{ected 1.Environmental water 2 Human water stress 4.Nutrient pollution 16.Change in Populatmn olitical
Indicator stress density )
tension
Basin BCU P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 Projected

BAKR_ARG ! 2 /////////%
BAKR_CHL 2 2 1 1 4 ! ////%

River Basin 2 2 1 1 2 1 1 1 3

TWAP RB Assessment results: Water System Linkages

Lake Influence
Indicator

Basin/Delta 17 18 19 20 21

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.

Thematic group Delta Vulnerability Index
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Barima Basin

x Geography
923

No. of countries in basin 2

A Total drainage area (kmz)

. . Guyana (GUY), Venezuela, Bolivarian
BCUs in basin Republic Of (VEN)
Population in basin
(people)

Country at mouth

110

Venezuela, Bolivarian Republic Of
Average rainfall

(mm/year) 2,603
Governance

No. of treaties and 0
agreements’

No. of RBOs and 0

.. 2
Commissions

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Groundwater

Lakes 0
Large Marine 1
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km®)
BRMA_GUY
BRMA_VEN 648.98
Total in Basin 0.60 648.98 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EICIELE]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl Sl
Y y y y y y y Water Resources
(%)
BRMA_GUY
BRMA_VEN 0.15 0.00 0.09 0.00 0 0.06 1,804.46

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin 0.15 0.00 0.09 0.00 0.00 0.06 1,330.08 0.02

Socioeconomic Geography

Populati Rural
Area BCU area Populati on ALTEL populati Urbar} La:\r.ge GDP per Dan.1
a . . % . pop. . population Cities . No. of Density
BCU (‘000 in basin on (‘000 density on ratio i capita
km?) (%) Sy (— growth (% pop ratio (% pop. | (>500 (USD) dams (No./000
2 (%) : urban) ,000) .000 km?)
km?) rural)
BZ'\S¢ 0 0.04 0 0.72 0.22 0 3,846.53 0 0.00
Bl\‘/'\él'\? 1 0.96 0 0.09 1.67 0 14,414.75 0 0.00
Total
in 1 1.00 0 0.12 1.24 0.00 0.00 0 11,636.42 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
Thematic . 5 . .
Water Quantity Water Quality Ecosystems Governance Socioeconomics

group

BCU 1 10 11 12 13 14 15

BRI\S:’(—\_G 4 %%//%% 3 - 1 3 1
BRM'\,;-\_VE %///% 3 4 % 2 %//

Indicators

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution

6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

Bia';i :_B(:Z:JY P-2030 P-2050 %////////% W////////% P-2030 P-2050 P-2:30 P-Z:SO

BRMA_VEN

River Basin

TWAP RB Assessment results: Water System Linkages

Lake Influence

Thematic group Indicator

Delta Vulnerability Index

Basin/Delta 17 18 19 20 21

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Cancoso/Lauca Basin

Geography

Total drainage area (kmz) 32,882

No. of countries in basin 2

. . Bolivia, Plurinational State Of (BOL),
BCUs in basin Chile (CHL)
Population in basin
(people)

Country at mouth

54,956

Bolivia, Plurinational State Of

Average rainfall

(mm/year) 203
Governance

No. of treaties and 0
agreements’

No. of RBOs and 0

.. 2
Commissions

Geographical Overlap with Other Transboundary Systems

2 Ces® %R | (No. of overlapping water systems)
Groundwater
Lakes 1
Large Marine 0
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km?)
CNCS_BOL 5.70 183.70 0.37
CNCS_CHL 1.58
Total in Basin 0.14 4.16 183.70 0.37
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EICIELE]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl Sl
Y y y y y y y Water Resources
(%)
CNCS_BOL 9.26 6.83 1.09 0.00 0 1.35 179.40
CNCS_CHL 63.75 62.64 0.20 0.00 0 0.90 19,196.54

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/
2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin 73.01 69.47 1.29 0.00 0.00 2.25 1,328.53 53.42

Socioeconomic Geography

Populati I Rural b L D
Area BCU area Populati on Annua populati Urla: Ca:\tr.ge GDP per No. of D an.1t
BCU (‘000 in basin on (‘000 density r:x;h on ratio rggopt;; u;n (;SI;; capita d:;:s (Nin/ségo
am) |09 | people) | (people/ | FT | bopop. | LI Ty [ (0S0) 1000 kim)
ngi— 26 0.80 52 1.96 1.64 0 2,867.64 0 0.00
Cgﬁi— 6 0.20 3 0.51 0.97 0 15,732.31 0 0.00
Total
in 33 1.00 55 1.67 1.61 0.00 0.00 0 3,645.00 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
T’;’:::c Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU 1 6 7 8 9 11 12 13 14 15
%//Z%% 3 2 2
/// . 3 4 1 4

Indicators

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution

6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

. . . . 11.Hydrop
PrO{ected 1.Environmental water 2.Human water stress 4.Nutrient pollution 16.Change in Populatmn olitical
Indicator stress density )

tension
Basin BCU P-2030 P-2050 P-2030 P-2050 Projected

1 1 4 3 2 4 3

River Basin

TWAP RB Assessment results: Water System Linkages

Lake Influence

Thematic group Indicator

Delta Vulnerability Index

Basin/Delta 17 18 19 20 21

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Carmen Silva/Chico Basin

x Geography
A Total drainage area (kmz) 2,065
No. of countries in basin 2
BCUs in basin Argentina (ARG), Chile (CHL)
Population in basin 8,573
(people)
Country at mouth Argentina
Average rainfall 326
(mm/year)
CHE—"
ARG Governance
No. of treaties and 0
agreements’
No. of RBOs and
L2 0
Commissions
Geographical Overlap with Other Transboundary Systems
o 10 20 0 6, (No. of overlapping water systems)
— il Groundwater
Lakes 0
Large Marine 0
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km®)
CHIC_ARG 33.00
CHIC_CHL
Total in Basin 0.07 33.00 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EIC L]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl el
Y y y y y y y Water Resources
(%)
CHIC_ARG 2.48 0.00 0.22 0.00 1 1.46 318.23
CHIC_CHL

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin 2.48 0.00 0.22 0.00 0.79 1.46 288.92 3.64
Socioeconomic Geography
Populati Rural
Area BCU area Populati on ALTEL populati Urbar} La:\r.ge GDP per Dan.1
a . . % . pop. . population Cities . No. of Density
BCU (‘000 in basin on (‘000 density on ratio i capita
km?) (%) Sy (— growth (% pop ratio (% pop. | (>500 (USD) dams (No./000
2 (%) : urban) ,000) .000 km?)
km?) rural)
C:Rl,(é— 1 0.59 8 6.39 0.88 0 14,760.20 0 0.00
CIC—::CL— 1 0.41 1 0.93 0.97 0 15,732.31 0 0.00
Total
in 2 1.00 9 4.15 0.87 0.00 0.00 0 14,849.73 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
Thematic . 5 . .
T Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU 6 7 8 11 12 14

CHI((:E_AR %%%

Indicators

floods and droughts

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5 - Wastewater pollution
6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to

Very low

Low

Medium

High

Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

z::slr_i(;z %//%%//% %////%%//% W W P-2030 P-2050 P-2030 P-2050

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Catatumbo Basin

Geography
Total drainage area (kmz) 27,435
No. of countries in basin 2

BCUs in basin Colombia (COL), Venezuela, Bolivarian

Republic Of (VEN)
Population in basin
(people)

Country at mouth

1,808,743

Venezuela, Bolivarian Republic Of
Average rainfall

(mm/year) 1,858
Governance

No. of treaties and 0
agreements’

No. of RBOs and 0

.. 2
Commissions

Geographical Overlap with Other Transboundary Systems

Pt 0 (No. of overlapping water systems)
Groundwater
Lakes 0
Large Marine 1
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km?)
CTTB_COL 906.52
CTTB_VEN 605.46
Total in Basin 19.71 718.53 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EICIELE]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl Sl
Y y y y y y y Water Resources
(%)
CTTB_COL 261.72 86.17 6.31 43.87 8 117.29 191.15
CTTB_VEN 403.50 120.80 27.32 85.98 5 164.52 917.99

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/
2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin 665.23 206.97 33.63 129.86 12.96 281.81 367.78 3.37

Socioeconomic Geography

. pepset Annual e . Urban Large Dam
erea P:EU :_:ien a Z:p:“atl e(r::i pop. Z?‘prl;k-:;l population Cities GCZP ip:r No. of Density
o (k(r:?z()) (!3%) pet(J:Iz()) (:‘)eogltey/ gr;}:’;h (% potp. rati:rf)?:np)op. (:)f)?)()) (U‘;I;) dams ((;\IO(:)/I((::%
km°?) rural) ! :
Cg?_— 17 0.60 1,369 82.91 1.46 0.48 99.52 1 7,825.68 0 0.00
C\-I/:z— 11 0.40 440 40.25 1.67 0.00 100.00 0 14,414.75 0 0.00
Tci)rt1aI 27 1.00 1,809 65.93 1.34 0.36 99.64 1 9,426.91 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
T’;’:::c Water Quantity Water Quality Ecosystems Governance Socioeconomics
1 6 7 8 9 11 12 13 14 15
CTTB_VE
N_ 1 ////% //% ///%%% 3 4 1 2 2
River
Basin 1 1 4 2 %//& 3 2 3 2

Indicators

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution

6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

Prolzected 1.Environmental water 2.Human water stress 4.Nutrient pollution 16.Change in Population llént\;garrp
Indicator stress density tension
Basin BCU P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 Projected
CTTB_COL 1 2 3
CTTB_VEN 3 2 2 2 3
River Basin 3 3 1 1 4 1 2 3
TWAP RB Assessment results: Water System Linkages
Thematic group Lal:st;ri\:;:z:ce Delta Vulnerability Index
Basin/Delta 17 18 19 20 21

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Transboundary River Basin Information Sheet

Chira Basin

Geography

Total drainage area (kmz)
No. of countries in basin
BCUs in basin

Population in basin
(people)

Country at mouth

Average rainfall
(mm/year)

Governance

No. of treaties and
agreements1

No. of RBOs and
Commissions’

HTWAP

River Basins

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

17,684
2

Ecuador (ECU), Peru (PER)

697,123
Peru

548

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Groundwater
Lakes

Large Marine
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km®)
CHIR_ECU 306.45
CHIR_PER 136.80 102.60 0.64
Total in Basin 3.42 193.38 102.60 0.64
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EIC L]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl el
Y y y y y y y Water Resources
(%)
CHIR_ECU 170.13 141.39 4.92 0.00 3 20.63 793.02
CHIR_PER 1,668.99 1,245.96 2.63 83.53 189 147.90 3,458.43

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin

1,839.12 1,387.35 7.55 83.53 192.16 168.53 2,638.16 53.78
Socioeconomic Geography
. L Annual e . Urban Large Dam
erea P:EU aa:ien a Z:p:“atl e(r::it pop. z?‘pr:t:: population Cities GCZP i;::r No. of Density
| [ 0" | ool | ot | | G | ofion | ] )| | elor
C:éﬁ— 7 0.41 215 29.93 1.49 0.00 100.00 0 5,720.18 0 0.00
C;'él:{— 11 0.59 483 45.90 1.07 1.42 98.58 1 6,659.81 2 190.21
Tci)rt1aI 18 1.00 697 39.42 1.37 0.98 99.02 1 6,370.64 2 113.10
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
T’;’:::c Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU , 1 2 3 4 5 | 6 7 8 9 10 11 12 14 15
CHIR_PER ‘ %///- %///%///%/// 3 3 3 %% 3
ver | - ,

Indicators

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5 - Wastewater pollution

6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 — Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low

Low

Medium

High

Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

T;Zf:;:‘e: 1.Enviro:::::stal water 2.Human water stress 4.Nutrient pollution 16.Changdeei':15ir::pulation 11(;:::?;?!’
Basin BCU P-2030 P-2050 P-2030 P-2050 Projected
River ;asi n | %// %// % /// %/// 2 3
TWAP RB Assessment results: Water System Linkages
Thematic group Lal::;ril:::‘e):ce Delta Vulnerability Index
Basin/Delta 17 18 19 20 21

River Basin

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Chuy Basin

Geography

Total drainage area (kmz) 722

No. of countries in basin 2

BCUs in basin Brazil (BRA), Uruguay (URY)
r;epourl)?;;on in basin 15,571

Country at mouth
Average rainfall

Brazil, Uruguay

(mm/year)

Governance

No. of treaties and 3
agreements1

No. of RBOs and 0

.. 2
Commissions

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

0 5 10 20
Groundwater
Lakes 0
Large Marine 1
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km?)
CHUY_BRA
CHUY_URY
Total in Basin 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EICIELE]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl Sl
Y y y y y y y Water Resources
(%)
CHUY_BRA
CHUY_URY

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/
2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin

Socioeconomic Geography

Populati Rural

. Annual . Urban Large Dam
sco |t | Scaamen | ot | yony | Coon | ot | oo | cies | C0 | woof | penc
km?) (%) Sy (— growth (% pop ratio (% pop. | (>500 (USD) dams (No./000
k) (%) rural) : urban) ,000) .000 km?)
C:';JAY— 1 0.87 15 23.35 0.94 0 11,208.08 0 0.00
Cﬂl;\Y(— 0 0.13 1 10.11 0.28 0.00 100.00 0 16,350.73 0 0.00
Total
in 1 1.00 16 21.58 0.82 0.00 6.28 0 11,531.26 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
T’;’:::c Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU 1 2 3 7 8 9 10 11 12 13 14 15
CHUY_BR W
N % %% 4 2 2 1 3 2
CHUY_UR
v % %// % 4 2 2 1 2 1
Basin / % % 4 : 3
Indicators

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution

6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

. . . . 11.Hydrop
PrO{ected 1.Environmental water 2 Human water stress 4.Nutrient pollution 16.Change in Populatmn olitical
Indicator stress density )

tension
Basin BCU P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 Projected

CHUY_BRA f////////////%f////////////%
CHUY_URY f///////////%%///////////%/ i

2

TWAP RB Assessment results: Water System Linkages

Lake Influence

Indicator Delta Vulnerability Index

Thematic group

Basin/Delta 17 18 19 20 21

River Basin

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Comau Basin

Geography

Total drainage area (kmz) 910
No. of countries in basin 2
BCUs in basin Argentina (ARG), Chile (CHL)
Population in basin 2364
(people)

Country at mouth Chile
Average rainfall

(mm/year)

Governance

No. of treaties and 0
agreements1

No. of RBOs and 0

.. 2
Commissions

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Groundwater

Lakes 0
Large Marine 0
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km®)
COMA_ARG
COMA_CHL
Total in Basin 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EICIELE]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl Sl
Y y y y y y y Water Resources
(%)
COMA_ARG
COMA_CHL

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin

Socioeconomic Geography

Populati Rural

Area BCU area Populati on ALTEL populati Urbarj La:\r.ge GDP per Dar?
. . . . . pop. . population Cities . No. of Density
BCU (‘000 in basin on (‘000 density on ratio A capita
km?) (%) Sy (— growth (% pop. ratio (% pop. | (>500 (USD) dams (No./OO?
2 (%) urban) ,000) .000 km®)
km?) rural)
COMA 0 0.08 0 3.28 0.88 0 14,760.20 0 0.00
_ARG
C%'\:;_A 1 0.92 2 2.54 0.97 0 15,732.31 0 0.00
Total
in 1 1.00 2 2.60 0.88 0.00 0.00 0 15,632.30 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
Thematic 5 5 . .
T Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
.
COMA_A 5 // /% 3 4 X 5
RG ]
COMA_C /
- 2 2 / 3 2 1 2 4
HL L i -
Basin // /// ]
Indicators
1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution
6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

. . . . 11.Hydrop
PrO{ected 1.Environmental water 2 Human water stress 4.Nutrient pollution 16.Change in Populatmn olitical
Indicator stress density )

tension
Basin BCU P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 Projected

COMA_ARG f////////////%f////////////%
COMA_CHL f///////////%j////////////%/ i ! !

3

TWAP RB Assessment results: Water System Linkages

Lake Influence

Thematic group Indicator

Delta Vulnerability Index

Basin/Delta 17 18 19 20 21

River Basin

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Corantijn/Courantyne Basin

PN
‘HL":T
F

0 40 &0

180

Bl

Geography

Total drainage area (kmz)

A,

> L .
% No. of countries in basin

BCUs in basin

Population in basin
(people)

Country at mouth
Average rainfall
(mm/year)

Governance

-~ No. of treaties and
agreements1
No. of RBOs and
Commissions’

64,001
3

Brazil (BRA), Guyana (GUY), Suriname

(SUR)
111,299
Guyana, Suriname

2,152

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Groundwater
Lakes

Large Marine
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.

All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y y (km®/year) (km®/year) Area (km?) (km?)
CRTY_BRA
CRTY_GUY 621.72
CRTY_SUR 752.20 2,647.60 21.79
Total in Basin 45.57 712.02 2,647.60 21.79
Water Withdrawals
Total withdrawal
I . . . . as a % of Total
Total Irrigation Livestock Electricity Manufacture Domestic Per capita
BCu (km?®/year) (km?®/year) (km?/year) (km?®/year) (km?®/year) (km?®/year) (m?/year) GARE Ll
y Y v v Y Y v Water Resources
(%)
CRTY_BRA

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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CRTY_GUY 3.22 0.01 0.07 0.00 0 3.14 31.11
CRTY_SUR 96.92 85.91 1.05 7.20 0 2.77 12,724.76
Total in Basin 100.14 85.92 1.12 7.20 0.00 5.91 899.76 0.22
Socioeconomic Geography
Populati Rural
Area BCU area Populati on enoeal populati Urbar} La‘ir.ge GDP per Dan.1
. . . ‘ . pop. . population Cities . No. of Density
BCU (‘000 in basin on (‘000 density on ratio A capita
km?) (%) el e growth (% pop ratio (% pop. | (>500 (USD) dams (No./000
> (%) ) urban) ,000) .000 km?)
km®) rural)
CBRIIZ_ 0 0.00 0 1.20 0.94 0 11,208.08 0 0.00
C(EE—J\\((_ 26 0.41 103 3.91 0.22 0 3,846.53 0 0.00
CSJ;‘ 37 0.58 8 0.20 0.99 0 9,699.87 0 0.00
Total
in 64 1.00 111 1.74 0.56 0.00 0.00 0 4,261.25 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
Thematic . . q A
T Water Quantity Water Quality Ecosystems Governance Socioeconomics

BCU 1 12 13 14 15

CRTX_BR % % 3 2 1 3 1

:;";r: 1 1 2 2 / 3 2 3 3

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution

6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

. . . . 11.Hydrop
PrO{ected 1.Environmental water T e —. 4.Nutrient pollution 16.Change in ?opulatlon olitical
Indicator stress density .

tension

Basin BCU P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 Projected

.

CRTY_BRA | ///// |
CRTY_GUY 1 1 3
CRTY_SUR 2 3 1 1 1 1 3

River Basin 2 3 1 1 2 2 1 1 3

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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TWAP RB Assessment results: Water System Linkages

) Lake Influence -
Thematic group Indicator Delta Vulnerability Index
Basin/Delta 17 18 19 20 21
River Basin 2
Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .

UNEP-DHI PARTNERSHIP
Centre on Water and Environment

yany \
) | o
UNEP




River Basins

HTWAP

Transboundary River Basin Information Sheet TRANSBOUNDARY WATERS ASSESSMENT PROGRAMINE

Cullen Basin

N Geography

A Total drainage area (kmz) 917
No. of countries in basin 2
BCUs in basin Argentina (ARG), Chile (CHL)
Population in basin 1514
(people)
Country at mouth Argentina
Average rainfall 317
(mm/year)
Governance
No. of treaties and 0
agreements1
No. of RBOs and 1

.. 2
Commissions

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Sk Groundwater
Lakes 0
Large Marine 0
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km®)
CULL_ARG
CULL_CHL 25.50
Total in Basin 0.02 25.50 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EICIELE]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) Ll Sl
Y y y y y y y Water Resources
(%)
CULL_ARG
CULL_CHL 23.91 23.33 0.45 0.00 0 0.14 118,667.13

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin 2391 23.33 0.45 0.00 0.00 0.14 15,793.75 102.22
Socioeconomic Geography
Populati Rural
Area BCU area Populati on ALTEL populati UrlI)a: I(.:a:\tr.ge GDP per No. of DDan.l
BCU (‘000 in basin on (‘000 density gf:‘:;h on ratio r:;opt;; ::; (;SI;; capita d:;:s (Nin/s(;go
2 0, 0, 0 . .
km’) (%) people) (p::ﬁ')e/ (%) (f’u'::l')" urban) ,000) (USD) .000 km?)
CAU':(I;— 0 0.24 1 5.89 0.88 0 14,760.20 0 0.00
Cgl-th_ 1 0.76 0 0.29 0.97 0 15,732.31 0 0.00
Total
in 1 1.00 2 1.65 0.87 0.00 0.00 0 14,889.59 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
T’;’:::c Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU 1 2 4 5 6 7 8 11 12 13 14 15
CULL_AR % % ., 5 5
. / T 4 X 1 3
CULL_CHL %////// %%% . ////% 2 2 ////% 2 L ///
/ 3 2 3 3

Indicators

floods and droughts

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5 - Wastewater pollution
6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to

Very low

Low

Medium High

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

Very high

:Zs: :_i(;L; % P-2030 % P-2050 Z////////////%i///////////% P-2030 P-2050 P-2030 P-2050
River Basin %////f//////% %///////% :

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Essequibo Basin

Geography
Total drainage area (kmz)

No. of countries in basin
BCUs in basin

Population in basin
(people)

Country at mouth
Average rainfall
(mm/year)

Governance

No. of treaties and
agreements1

No. of RBOs and
Commissions’

HTWAP

River Basins

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

154,175
3

Brazil (BRA), Guyana (GUY),
Venezuela, Bolivarian Republic Of

(VEN)
205,427
Guyana

2,174

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Groundwater
Lakes

Large Marine
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av.Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y y (km®/year) (km®/year) Area (km?) (km?)
ESQB_BRA
ESQB_GUY 1,110.77
ESQB_VEN 732.62 25.75 0.77
Total in Basin 156.24 1,013.43 25.75 0.77
Water Withdrawals
Total withdrawal
I . . . . as a % of Total
Total Irrigation Livestock Electricity Manufacture Domestic Per capita
BCu (km?®/year) (km?®/year) (km?/year) (km?/year) (km?®/year) (km?®/year) (m?/year) GARE GGl
y Y v v Y Y v Water Resources
(%)

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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River Basins

ESQB_BRA
ESQB_GUY 85.45 25.25 2.05 47.09 2 8.78 2,082.23
ESQB_VEN 35.09 9.06 3.28 0.00 0 22.48 213.52
Total in Basin 120.54 34.31 5.33 47.09 2.56 31.25 586.76 0.08
Socioeconomic Geography
Populati Rural
Area BCU area Populati on ALTEL populati Urbar} La:\r.ge GDP per Dan.1
a . . % . pop. . population Cities . No. of Density
BCU (‘000 in basin on (‘000 density on ratio g capita
km?) (%) Sy (— growth (% pop. ratio (% pop. | (>500 (USD) dams (No./OO?
2 (%) urban) ,000) .000 km®)
km?) rural)
E;gi‘ 0 0.00 0 0.76 0.94 0 11,208.08 0 0.00
ESQB_
GUY 115 0.75 41 0.36 0.22 3.59 96.41 0 3,846.53 0 0.00
E\S/?fj— 39 0.25 164 4.22 0.99 0 14,414.75 0 0.00
Total
in 154 1.00 205 1.33 1.30 0.72 19.26 0 12,302.78 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
T’;’:::c Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU 1 2 3 4 5 6 7 8 12 13 14 15
.
ESQB_BR /// /% 5 1 3 1
A ___
ESQB_GU /
1 1 2 3 1 2 % / 4 3 4
ESQB_VE 1 1 2 1 2 2 ///% 4 1 2 2
N %///%
:;";; 1 1 2 2 2 1 . 3 4 3
Indicators
1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution
6 — Wetland disconnectivity 7 — Ecosystem impacts from dams 8 — Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

3Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.

. . . . 11.Hydrop
PrO{ected 1.Environmental water 2. Human water stress 4.Nutrient pollution 16.Change in Populatwn olitical
Indicator stress density )

tension
Basin BCU P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 Projected
_
ESQB_BRA - %
ESQB_GUY 2 3 1 1 1 1
ESQB_VEN 2 3 1 1 2 3

LS, UNEP-DHI PARTNERSHIP
1/1' Y Centre on Water and Environment.
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TWAP RB Assessment results: Water System Linkages

, Lake Influence -
Thematic group Indicator Delta Vulnerability Index
Basin/Delta 17 18 19 20 21
Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta

governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the I0C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Gallegos/Chico Basin

Geography

Total drainage area (kmz) 10,753
No. of countries in basin 2

BCUs in basin Argentina (ARG), Chile (CHL)
Population in basin 29294
(people)

Country at mouth Argentina
Average rainfall 626
(mm/year)

Governance

No. of treaties and 0
agreements1

No. of RBOs and 0

.. 2
Commissions

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

60 9
jmv Groundwater
Lakes 3
Large Marine 1
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.
All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km®)
GALG_ARG 69.04
GALG_CHL 528.94
Total in Basin 3.20 297.71 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EIC L]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl el
Y y y y y y y Water Resources
(%)
GALG_ARG 4.73 0.55 0.44 0.00 1 2.68 217.98
GALG_CHL 5.92 3.09 1.47 0.00 0 1.36 779.55

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Transboundary River Basin Information Sheet S TRANSROUNDARY WATERS ASSESSHENT PROGRAMIE

Total in Basin 10.65 3.63 1.92 0.00 1.06 4.04 363.48 0.33

Socioeconomic Geography

L] Annual Bhial Urban Lar; Dam
Area BCU area Populati on a populati Iat' Ca:\t.ge GDP per No. of D a it
BCU (‘000 in basin on (‘000 density r:x;h on ratio r:;opt;; u:,n (;SI;; capita d:;:s (Nin/s(;go
am) |09 | people) | (people/ | FT | bopop. | LI Ty [ (0S0) 1000 kimd)
GAA;g— 7 0.62 22 3.23 0.88 0 14,760.20 0 0.00
GQI:GL— 4 0.38 8 1.88 0.97 0 15,732.31 0 0.00
Total
in 11 1.00 29 2.72 0.87 0.00 0.00 0 15,012.07 0 0.00
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
T’;’:::c Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU 1 2 3 7 8 9 11 12 14 15
GALG_CH
River
Indicators
1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution
6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

. . . . 11.Hydrop
PrO{ected 1.Environmental water 2.Human water stress 4.Nutrient pollution 16.Change in Populatmn olitical
Indicator stress density )

tension
Basin BCU P-2030 P-2050 P-2030 P-2050 Prolected

TWAP RB Assessment results: Water System Linkages

Lake Influence

Thematic group Indicator

Delta Vulnerability Index

Basin/Delta 17 18 19 20 21

River Basin 2

3Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Jurado Basin

Geography

Total drainage area (kmz)
No. of countries in basin
BCUs in basin

Population in basin
(people)

Country at mouth

Average rainfall
(mm/year)

Governance

No. of treaties and
agreements1

No. of RBOs and
Commissions’

River Basins

HTWAP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

918
2
Colombia (COL), Panama (PAN)

4,570
Colombia, Panama

3,818

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Groundwater
Lakes

Large Marine
Ecosystems

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.

All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av. Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km?)
JURD_COL 2,573.37
JURD_PAN 2,408.00
Total in Basin 2.29 2,490.73 0.00 0.00
Water Withdrawals
Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita R EIC L]
Beu (km*/year) | (km’/year) (km>/year) (km>/year) (km>/year) (km*/year) (m*/year) bl el
Y y y y y y y Water Resources
(%)
JURD_COL 1.85 0.00 0.70 0.00 0 1.16 534.85
JURD_PAN 3.00 0.00 0.36 0.10 0 2.54 2,707.25

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/
2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Total in Basin 4.85 0.00 1.06 0.10 0.00 3.69 1,061.16 0.21

Socioeconomic Geography

Populati Rural

sco | oo | s [ ot | o | oo | ot | popnion | i [ <227 | ot | oo
km?) (%) people) (Pz:‘gl’e/ gr;);)th (‘:Arul::ll)a. rati:rg:np)op. (’;Zg(; (UsD) dams ((;\Ioz/k?:%
Total
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator®
T’;’:::c Water Quantity Water Quality Ecosystems Governance Socioeconomics
1 2 3 4 5 6 7 8 9 11 12 14 15

Indicators

1 - Environmental water stress 2 —Human water stress 3 — Agricultural water stress 4 — Nutrient pollution 5— Wastewater pollution

6 — Wetland disconnectivity 7 —Ecosystem impacts from dams 8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11—
Hydropolitical tension 12 — Enabling environment 13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to
floods and droughts

Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

. . . . 11.Hydrop
PrO{ected 1.Environmental water 2.Human water stress 4.Nutrient pollution 16.Change in Populatmn olitical
Indicator stress density )

tension
Basin BCU P-2030 P-2050 P-2030 P-2050 Pro;ected

////////
iver Bz //////7// ////%// ////7/// ////7/// .|| : 3

TWAP RB Assessment results: Water System Linkages

Lake Influence

Thematic group Indicator

Delta Vulnerability Index

Basin/Delta 17 18 19 20 21

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.

179



Transboundary River Basin Information Sheet

River Basins

A
91T WAP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the individual disputing countries. Disputed areas are therefore shown as
individual entities, not dependent from countries, with corresponding coding. Same approach has been taken by TWAP RB, reporting on disputed
territories, as well as presentation of Basin Country Units.

Basin Delineation

TWAP RB assessment includes 286 transboundary river basins. Information on this layer and delineation methodology can be retrieved by
downloading metadata sheet for the Basins layer from TWAP Rivers Data Portal at http://twap-rivers.org/indicators/ or by direct download from
http://twap-rivers.org/assets/Basin%20and%20BCU%20Creation%20Documentation.pdf

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org . To view sources of data included in this Factsheet download the Factsheet Reference file at
http://twap-rivers.org/assets/Factsheet template with references.pdf.

For more information on data sources, indicator calculation methodologies, limitations and more consult indicator metadata sheets available on
TWAP RB Data portal on http://twap-rivers.org .
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Transboundary River Basin Information Sheet

La Plata Basin

1.000 1 ???m

Geography
Total drainage area (kmz)

No. of countries in basin
BCUs in basin

Population in basin
(people)

Country at mouth
Average rainfall
(mm/year)

Governance

No. of treaties and
agreements1

No. of RBOs and
Commissions’

River Basins

HTWAP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

2,926,937
5

Argentina (ARG), Bolivia, Plurinational
State Of (BOL), Brazil (BRA), Paraguay
(PRY), Uruguay (URY)

88,221,216
Argentina, Uruguay

1,358

23

Geographical Overlap with Other Transboundary Systems
(No. of overlapping water systems)

Groundwater
Lakes

Large Marine
Ecosystems

61

1

A BCU (Basin Country Unit) is defined as the portion of a country within a particular river basin.

All BCUs have a BCU code which includes a Basin Code of four letters and a Country Code of three letters: XXXX-XXX

Water Resources

. Av. Groundwater | Av.Groundwater Lake and Lake and
Annual Discharge Annual Runoff . . n
BCU TR [ - Recharge Discharge Reservoir Surface | Reservoir Volume
y v (km®/year) (km®/year) Area (km?) (km?)
LPTA_ARG 182.88 1,742.30 20.49
LPTA_BOL 79.40 117.35 1.58
LPTA_BRA 479.96 16,176.41 161.02
LPTA_PRY 261.47 1,549.44 13.26
LPTA_URY 554.68 2,339.00 18.09
Total in Basin 1,007.80 344.32 21,924.50 214.45

Water Withdrawals

' For details on Treaties and Agreements please see http://www.transboundarywaters.orst.edu/

2 For details on River Basin Organisations (RBOs) and Commissions please visit http://www.transboundarywaters.orst.edu/
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Transboundary River Basin Information Sheet

4

River Basins

TWARP

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

Total withdrawal
0
Total Irrigation Livestock Electricity Manufacture Domestic Per capita as a % of Total
BCU (km>/year) | (km®/year) (km*/year) (km?/year) (km®/year) (km?®/year) (m*fyear) Actual Renewable
y y y y Y Y y Water Resources
(%)
LPTA_ARG 11,053.77 4,651.16 394.22 3,367.41 1,009 1,631.96 908.69
LPTA_BOL 417.61 268.14 21.45 86.51 2 39.84 308.79
LPTA_BRA 18,888.08 4,655.75 1,260.16 3,474.76 3,305 6,192.01 282.07
LPTA_PRY 610.46 199.18 118.97 0.47 57 235.24 88.30
LPTA_URY 1,120.88 958.33 110.88 32.01 5 14.22 1,353.91
Total in Basin 32,090.79 10,732.56 1,905.67 6,961.17 4,378.12 8,113.27 363.75 3.18
Socioeconomic Geography
Populati Rural
Area BCU area Populati on ATITEL populati Urbar.l La}r.ge GDP per Dan.1
a . . ‘ . pop. . population Cities . No. of Density
BCU (‘000 in basin on (‘000 density on ratio g capita
km?) (%) ey (- growth (% pop. ratio (% pop. | (>500 (USD) dams (No./OO?
2 (%) urban) ,000) .000 km®)
km?) rural)
LPTA
ARG_ 782 0.27 12,165 15.55 0.88 1.33 98.67 11 14,760.20 6 7.67
LPTA
BOL_ 222 0.08 1,352 6.09 1.64 0.20 99.80 3 2,867.64 1 451
LPTA
BRA_ 1,414 0.48 66,963 47.37 0.94 0.00 100.00 79 11,208.08 65 45.98
LPTA
PRY_ 399 0.14 6,913 17.31 1.80 0.07 99.93 7 4,402.76 4 10.02
LPTA
URY_ 110 0.04 828 7.54 0.28 2.59 97.41 0 16,350.73 3 27.31
Total
in 2,927 1.00 88,221 30.14 0.93 0.22 99.78 100 11,085.00 79 26.99
Basin
TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Indicator’
Thematic . 5 . .
e Water Quantity Water Quality Ecosystems Governance Socioeconomics
BCU 1 2 3 4 5 6 8 10 11 12 13 14 15
LPTA_AR 2 1 2 2 2 //// 2 3 4 4 2 4
LPTA_BOL 2 1 2 2 2 //////% 3 2 4 3 4 3
LPTA_BR [ L 5 1 2 // 2 3 2 3 2
A
/
LPTA_PRY 2 1 2 3 3 / 2 3 3 3
LPT?(—UR 2 1 2 2 2 2 3 2 4
River 2 1 2 3 2 2 2 3 %% 3 3
Basin // % -
Indicators

1 - Environmental water stress
6 — Wetland disconnectivity 7 —Ecosystem impacts from dams

Hydropolitical tension 12 — Enabling environment

floods and droughts

2 — Human water stress

3 — Agricultural water stress

4 — Nutrient pollution 5 — Wastewater pollution
8 —Threat to fish 9 — Extinction risk 10 — Legal framework 11 -

13 — Economic dependence on water resources 14 — Societal well-being 15 — Exposure to

3 Lined (or dotted) cells indicate a lower degree of confidence in results due to global modelling limitations and other gap-filling methods.
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Very low Low Medium High Very high

TWAP RB Assessment Results: BCU and Basin Relative Risk Category per Projected Indicator

, . . . 11.Hydrop
Prtu.ected P AT 2.Human water stress 4.Nutrient pollution doichanesll P opulation olitical
Indicator stress density .

tension

Basin BCU P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 P-2030 P-2050 Projected

////
LPTA_ARG 3 3 /////%
LPTA_BOL 3 3
LPTA_BRA
LPTA_PRY
LPTA_URY 3 3
River Basin 3 3 3 3

TWAP RB Assessment results: Water System Linkages

Lake Influence

Thematic group Indicator

Basin/Delta 17

River Basin

Indicators

17 — Lake influence indicator 18 — Relative sea level rise (RSLR) 19 — Wetland ecological threat 20— Population pressure 21— Delta
governance

Disclaimer

The results and information of factsheet is produced and maintained by the River Basins Component of the GEF Transboundary Water Assessment
Programme (GEF TWAP).

GEF TWAP is the first global-scale assessment of all transboundary water systems. The TWAP consists of five independent indicator-based water
system assessments and the linkages between them, including their socioeconomic and governance-related features. The United Nations
Environment Programme (UNEP) is the implementing agency of TWAP. Project Coordination Unit (PCU) in Nairobi, Kenya coordinates the work of
UNESCO-IHP, ILEC, UNEP-DHI and the 10C of UNESCO on Transboundary Aquifers, Lake Basins, River Basins, Large Marine Ecosystems and Open
Ocean respectively. Each executing partner engages a broad network of data and information rich partners with responsibilities either of a thematic
or geographic nature. More on TWAP full size project at http://www.geftwap.org .

The TWAP River Basins component (TWAP RB) carried out a global comparison of 286 transboundary river basins, in order to enable the
prioritisation of funds for basins at risk from a variety of issues, covering water quantity, water quality, ecosystems, governance and socio-
economics. It also considered risks to deltas from threats of a transboundary nature, and considered the relative influence of lakes on these river
basins. TWAP RB is an indicator—based assessment, allowing for an analysis of basins, based on risks to both societies and ecosystems. It also
includes provisional outlook projections to 2030 and 2050 for a limited number of indicators.

Values given in the present fact-sheet represent an approximate guide only and should not replace recent local assessments.

Country Boundaries Under TWAP

TWAP RB assessment uses country delineations provided by FAO GAUL (Global Administrative Unit Layers) (FAO 2014). GAUL uses the International
Boundary dataset of the UNCS (UN Cartographic Section) and inland boundaries are same for both datasets. Some differences occur in coastlines,
where FAO GAUL dataset offers more detail.

Disputed areas

The GAUL project and original dataset maintains disputed areas in such a way to preserve national integrity for all disputing countries. The GAUL Set
reports the international, first level and second level administrative boundaries delimiting, or falling within, the disputed areas in a way to enable
the re-construction of the administrative units as they are specified by the 