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1. Introduction 
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The complexity of two media: rocks and 
groundwater 

(Rivera, 2014) 

Multiple aquifer  
stresses 

Multiple aquifer 
flow systems 

3D bulk flow 

http://en.wikipedia.org/wiki/Image:Flag_of_Canada.svg
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Introduction – TBAs types  

1) Jurisdictional border coincides with the surface water  
    catchment and groundwater divide; there is little  
    transboundary groundwater flow. 

2) Surface water and groundwater divides separate from    
    state border; recharge in one country, discharge in the   
    adjacent country; there is transboundary GW flow 

3) State border coincides with a major river or lake; alluvial     
    aquifer connected to river; little transboundary flow 

4) Large deep aquifer, recharge far from border, not 
   connected to local surface water and groundwater; regional  
   transboundary GW flow 

(Rivera, 2015) 
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Introduction – Other non-official TBA types 

Hydraulic head distribution 

(Sudicky, 2018) 
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Introduction – Other non-official TBA types 

5) Little transboundary flow from the alluvial aquifer; however, the GW fluxes contribute to  
the water balance of the lake’s basin; should it be considered as transboundary?  

(5) 
(Rivera, 2015) 
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2. ISARM 2000-2015, outputs and 
outcomes 
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ISARM (International Shared Aquifer 

Resource Management) 

ISARM: an initiative of 
UNESCO and IAH 
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Internationally Shared Aquifer Resources Management  
A UNESCO/IAH Initiative 

15 years of ISARM globally involved more than 130 countries on 
four continents: 

− 24 in the Americas 
− 27 in Europe 
− 38 in Asia 
− 45 in Africa  

Shared  

Resource  M
a
n

a
g

e
m

e
n

t 

Aquifer  International  
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The ISARM – Inventory of TBAs 

(IGRAC, 2015)  
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ASIA 
• 129 TBAs identified 

• A few mapped 
• No political agreements 
• Some scientific 

agreements 

ISARM 2000-2015 – Taking stock 

AFRICA 
• 72 TBAs identified 

• A few TBAs mapped  
• 2 political agreements 
• International scientific 

agreements 

(UNESCO-IGRAC, 2015) 

(Lee et al., 2018) 

The AMERICAS 
• 74 TBAs identified 

• 40% mapped 
• 1 political 

agreement 
• Many scientific 

agreements 

(Rivera et al., 2010) 

EUROPE 
• 226 TBAs identified 

• Some mapped 
• 1 political agreement 
• Many scientific 

agreements (Lipponen and Chilton, 2018) 
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ISARM outputs and outcomes 

• Four regional ISARM networks of experts were created: 
Europe, Americas, Asia and Africa.  

• A global inventory of TBAs with 592 TBAs identified up to 
2015. 

• World financial agencies (GEF, World Bank) supported 
ISARM activities. 

• Novel scientific practices to define transboundary 
groundwater resources availability (e.g., Milk River)  

Integration and harmonization 
• Novel tools and instruments (e.g., GRACE) use to analyse 

large-scale transboundary aquifers (e.g., Northern Great 
Plains, Judith River, Edwards Trinity). 

• The drafting and adoption of the UN Draft articles on the 
Law of Transboundary aquifers.  
 

Main outputs  
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• A few regional strategies to assess and manage TBAs have 
been prepared.  
 

• Creation of alliances among science, policy-making and 
society networks to build trust. 
 

• Ten years after the Draft Articles were adopted by UNGA 
(2008), there has been no ratification or affirmative vote on 
the Draft Articles. 
 

• There is a perception that there is no political will to 
establish international laws that may prove stronger than 
multilateral or bilateral agreements, and there are concerns 
about having to cede some riparian rights. 

ISARM outputs and outcomes 

Most relevant direct outcomes  
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3. Lessons learned 
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Lessons learned 

1. Information 

2. Communication 

3. Legal instruments 

4. Non legally-binding regional treaties 

5. Multidimensional negotiations 

6. GW science alone? 

7. Multiple stakes, multiple scales 

8. Aquifers –vs– GWFS 
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Lack of information 
 
• affects the way in which politicians and the public 

perceive this valuable underground resource;  
• prevents and limits full comprehension of GW   
• translates into fragmented policies and absence of 

strategies for integrated management of GW 

Main challenges: lack of information and poor communication 

Lessons learned 

In many countries policy responses to some extent reflect the 
era of global changes and increasing uncertainties, which 
depend on:  
a) good information;  
b) a good dissemination of information; and  
c) a good understanding of that information. 
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Lessons learned 

At times, TB groundwater and/or aquifers seemed to be(come) 
wicked problems … social or cultural or political problems that are 
difficult or impossible to solve for. 
  
1. Incomplete or contradictory knowledge.  
2. Large number of stakeholders and opinions involved. 
3. Large economic burden for some countries.  
4. Interconnected nature of these problems with other problems. 

 
 

This begs the question: can groundwater science alone solve 
transboundary groundwater issues? 

Answer  no, it can’t. 
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• Transboundary groundwater 

• Transboundary aquifer 

• Renewable water 

• Fossil water 

• Sustainable use 

• Time-scales 

• Space-scales 

• Drought 

• Recharge  

• Discharge 

• Climate variability 

• Climate change 

We need to clear these 
quirks and myths before 
harmonizing regional 
approaches 

Many concepts and ideas are still misunderstood, not harmonized.  

Lessons learned 



20 

4. Shared Governance 
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A COMMON FRAMEWORK FOR A SHARED GOVERNANCE OF TBA 

Regional Strategy of the Transboundary Aquifers of the 
Americas 

SHARED 
GOVERNANCE 

TBA 

 

Legal 
(policies) 

 

Agreements 
Social 

(participation) 

Science 
(knowledge) Milk River  

Nubian 

Abbostford-Sumas  Ostúa-Metapán 

Guarani 
Genevese Ocotepeque-Citalá 
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5. Multiple stakes, Multiple scales 
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Aquifers, GW-Bodies, GW-Flow Systems… 

Some scientists are considering parsing out groundwater flow 
systems rather than aquifer’ boundaries as a future quantitative 
analysis to define groundwater availability along the borderlines 
of TBAs.  
 
This is a very important outcome of ISARM: a matter of scale 
to accommodate TBA-related issues, other than only science. 
 

Multiple stakes, multiple scales 

Examples of aquifers –vs– GWFS: 
 
• Milk River, 30’000 km2 

• Rockies – Plains, 300’000 km2 

• Amazonas, 3.95 M km2 
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(Rivera, 2015) 

http://en.wikipedia.org/wiki/Image:Flag_of_Canada.svg
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Aquifer Boundaries or Groundwater Flow Systems? 

The Milk River TBA – UNESCO #20N, 30’000 km2 

 

(Pétré et al., 2016) 

http://en.wikipedia.org/wiki/Image:Flag_of_Canada.svg
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250K years 

500K years 

750K years 1M – 1.5 M years 

Aquifer Boundaries or Groundwater Flow Systems? 

The Milk River TBA – UNESCO #20N, 30’000 km2 

(Pétré et al., 2016) 

Recent 

http://en.wikipedia.org/wiki/Image:Flag_of_Canada.svg
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Provincial government interests:  
GW allocation and management 

Municipalities interests:  
Technical & Social issues 

First Nations interests:  
Environment & Social 
issues 

State government 
interests:  
GW allocation and 
management 

US/Canada interests:  
Assessment, planning, sharing, 
conflict resolution 

Industry interests:  
Gas field, wells issues 

Aquifer Boundaries or Groundwater Flow Systems? 
Scale matters 

(Rivera, 2017) 

http://en.wikipedia.org/wiki/Image:Flag_of_Canada.svg
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Alberta 

Canadian Rockies – Plains, 300’000 km2 
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Canadian Rockies – Plains, 300’000 km2 

British Columbia Sask 

(Rivera et al., in review 2018) 

Calgary 

Edmonton 



30 

Amazonas Transboundary Aquifer System 
UNESCO #13S, 3.95 M km2 

 

VENEZUELA 

COLOMBIA 

BOLIVIA 

BRAZIL 

PERU 

ECUADOR 
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6. SUMMARY 
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• Fifteen years of ISARM have shown that the initiative has helped 
build trust and avoid conflict: social, political, economic, human 
confrontations. 

 

• A legacy of extensive and successful knowledge-generation and 
mapping of TBAs with trust, cooperation and exchange of 
information. 

 

• The international legal instruments are still very incipient. Only 
three legal agreements on TBAs exist: the Genevese, the Nubian 
and the Guarani. 

 

• Challenges remain: how to combine S&T recommendations with 
legal and institutional instruments of countries sharing TBAs. 

 

• A paradigm shift of scales is slowly emerging in the use of GWFS 
instead of aquifer traditional boundaries. 

 

 

 

 

 

SUMMARY 
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