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The importance of groundwater 

Imagine:  

All the water on the planet =  

150 litre container  

BUT JUST 4 LITRES 
 ARE FRESH !! 

The remaining 146 litres are SEAWATER 
Source: Prof Ken Howard, Osaka Cut, 2003 

150 LITRES 

THE WORLD’S WATER RESOURCES 



The importance of groundwater 

X X X 
Out of these 4 litres:  

3 litres are frozen (earth’s ice 
caps, permafrost regions)  

… leaving one lonely litre of 
freshwater 

 

… and 99% the lonely litre of freshwat  
is GROUNDWATER !! 

Source: Prof Ken Howard, Osaka Cut, 2003 
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It is essential that we protect 
and manage groundwater 

resources effectively!  



Community well in Gujarat, India 
(2003): water table declining 3 m/yr 

UNESCO estimated people living in water stressed situation: 
• 0.5 billion in 2000 
• 2.8 billion in 2025 
• 4.0 billion in 2050  

Photo: Amit Dave, Reuters 

Groundwater will help meet the growing demand for water 
supplies under growing global population and the uncertain 

effects of climate variability and change. 

The importance of groundwater 



Groundwater studies: art of studying and informing about 
what we cannot see 

Challenges 

Stationary is dead 
Lack of data 

Lack of governance 

http://www.google.se/url?sa=i&source=images&cd=&cad=rja&docid=yb_-Z0Kx8QOFaM&tbnid=jDQj4aV5ESsahM:&ved=&url=http://www.rdn.bc.ca/cms.asp?wpID=2245&ei=om4mUru9LISMswaUuYHADg&psig=AFQjCNGgpsDebISrUuhPTjdudtFLI8XG7w&ust=1378336802777713


Motivation for GRAPHIC 



Motivation for GRAPHIC 



How do we do it? 

Networking 

Research (case studies, information, maps, etc.) 

Capacity building 

Outreach and communication 



 
 
 

GRAPHIC: A global network with many partners 

• More than 100 members from different regions 
• Partners: academia, geological surveys (USGS, …), research centres 
(NASA, IGRAC, …) 
• Annual meetings 
• GRAPHIC has regional studies in Africa, Asia and Oceania, Europe, 
Latin America, and the Caribbean, and North America 
• More than 20 flag case studies 

Flag Basins: 
• North West Sahara (Africa)  
• Iullemmeden Basin (Africa)  
• High Plains (North America) 
• Guarani (South America) 
• North China Plains (Asia) 
• Baltic Artesian Basin (Northern Europe) 
• Great Artesian Basin (Oceania) 
 

Several addition study aquifers.  
 



 
 
 

GRAPHIC: Leader in research 

Rate of papers addressing 
groundwater and climate change: 

More than 100 scientific 

papers since GRAPHIC 

was launched in 2004 



 
 
 

Training workshops for students and early-career scientists   

GRAPHIC: Capacity building 

• Longterm groundwater dynamics – Tunisia, Nov 2010, with 
INQUA 
• Groundwater as a key for adaptation to changing climate and 
society – Japan, Nov 2010 
• Methods for Assessing the Impacts of Climate Change and 
Human Activities on Groundwater Resources – Focus on Asia, 
China, Oct/Nov 2011 (IAH, Sun Yatsen University) 
• Mozambique, Nov 2013 – with INQUA and G@GPS 
• Guangdong Province, China, Dec 8-13 2014 – with INQUA and 
G@GPS 
• Tallinn, Estonia July 5-9, 2015, with G@GPS 



 
 
 

Translate our scientific findings into concrete actions for better 
management and outline policy relevant recommendations 

   

GRAPHIC: Outreach and communication 

GRAPHIC at COP21: Official release of 2 position 
papers by GRAPHIC at COP21: 



 
 
 

Scientific Findings and Policy Relevant Recommendations 

Research in 30 countries; 60 authors 
Research Themes & Topics: 
(climate variability and change) 
• variety of settings: alpine, agricultural, 
island/coastal, urban 
• land-use/land cover 
• storm surge 
• seawater intrusion 
• land subsidence 
• effects on recharge (17 of 20 studies) 
• response to drought 
• response to permafrost/glaciers melt 
• dependent ecosystems (GDE) 
• falling/rising water tables 
• groundwater quality 
• GRACE: GW depletion rates 
• statistical downscaling; GCMs 
• ENSO, NAO, PDO, AMO 



 
 
 

Scientific Findings and Policy Relevant Recommendations 

>75 major scientific findings & 
policy/management recommendations 

Need for interdisciplinary and multidisciplinary collaboration 

Improve understanding of recharge stories and how they 
improve adaptation/management 

GW response to global-scale oceanic-atm. climate variability (ENSO, PDO, NAO, …) 

Work on global/national monitoring and database programs 

Temporal lags in responses to land-use change, climate, pollution 

Need for strategic management and governance  
(domestic and transboundary level) 



 
 
 

Transboundary aquifers and transboundary river basins 



 
 
 

UNESCO’s leading role in transboundary GW governance 

• ISARM              TWAP            GGRETA 
 

• ISARM (2000-present): 
– International Shared Aquifers 

Resources Management 
– Inventory of Transboundary Aquifers 

(TBAs)  
 

• TWAP (2013-2015): 
– TB waters assessment program 
– Global assessment 166 TBAs 

 
• GGRETA (2013-2015): 

– Governance of Groundwater 
Resources in Transboundary Aquifers  

– In-depth assessment of TBA case 
studies 

– Spatially differentiated information, 
maps 

 

Stampriet Transboundary Aquifer 
(Orange-Senqu River Basin) 



 
 
 

The Stampriet Transboundary Aquifer  
(Botswana, Namibia, and South Africa) 

Area: 86 000 km2 
 
Rainfall: 150-300 mm/yr 
 
Population: 50 000 
 
Human dependency on 
groundwater: 100% 
 
Increased interannual 
variability (more floods + more 
droughts) 
 
Main economic activity: 
Agriculture and livestock 
(highly climate change 
dependent) 
 
70% of abstraction occurs from 
shallow and highly vulnerable 
aquifers 

Need to assess climate variability  
impact on shallow aquifers 

rehacrge 



 
 
 

 
• Gravity Recovery and Climate 

Experiment (GRACE): 
-  First satellite mission able to 

monitor total water storage 
changes (including 
groundwater) remotely 

 
• Global datasets for precipitation, 

runoff and evapotranspiration 
 

• Simplified water balance models 
 

• Limited water level / borehole data  

Methods: 

Objective: 
Assess the impact of climate 

variability in recharge despite the 
lack of data to support sound 

management strategies 

Climate Change Adaptation in the Stampriet aquifer 



 
 
 

• GRACE’s limited time scale 
(10 years) 

• A better understanding on 
how natural climate 
variability (ENSO, etc…) 
affects precipitation and 
groundwater storage needs 
time scales > 10 years 

Solution: 

Challenge: 

”Extend” GRACE time frame to the 
past with adequate models to 

“reconstruct” groundwater level 
fluctuations 

Climate Change Adaptation in the Stampriet aquifer 



 
 
 

Main findings: 

Climate Change Adaptation in the Stampriet aquifer 

• Shallow aquifers are highly responsive to 
rainfall 
 
• Strong correlation between ENSO and 
groundwater levels 
 
• El Nino years (ENSO+): falling water table 
 
• La Nina years (ENSO-): rising water table 
 
• Need to strengthen links with 
metereological agencies 
 

•  Efficient CC adaptation strategies require 
stakeholder consultation from basin 
(ORASECOM) to local (farmers) 
 
• Work will provide further guidelines for 
agriculture and livestock planning (especially 
during drought periods) 



 
 
 

Become involved with GRAPHIC 

Please sign up for our newsletter & mailing list: http://www.graphicnetwork.net/newsletter/ 
 

t.carvalho-resende@unesco.org 

http://www.graphicnetwork.net/newsletter/
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