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The multi-dimensional aspects of water

• Water is blue, green & grey. 

• Water is salt, fresh & virtual.  

• Water is esssential for the economy and for jobs.

• Water is holy.

• Water is a cross-cutting theme in the development agenda 
(food – energy – health -…)



Oki and Kanae, Science, 2006

The water problem is not a total stock 
problem: We are still living on a blue planet!
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Water consumption by sector , 
WWDR, 2014
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It is a spatial and temporal 
distribution problem !

Source: https://ourworldindata.org/, 28/2/2025



Newsweek , 1 May 2015



Blue water distribution in 2000, 
Rockström et al., 2009, WRR

It is a spatial and temporal distribution problem of 
blue water…
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Green water availability in 2000, 
Rockström et al., 2009, WRR

…but not yet for green water.



It creates considerable constraints on food
production.

Potential constraints on crop
productivity, Nemani et al., 2003



Hall et al, Science, 2014

It strongly influences the economic system.



It strongly influences the economic system and 
supports many jobs.

• WWAP, 22/3/2016: Water and jobs. 

“3 out of 4 jobs of the global workforce (3.2 billion people) are 
moderately or highly dependent upon access to water and 
water-related services“

• VKW

“1 op 6 jobs in Vlaanderen is sterk gerelateerd aan water en 
water services…



It endangers spirituality and mental health



It creates global risks

Global risk map, 
World Economic Forum, 2015



It creates global risks

Source: https://www.weforum.org/publica
tions/global-risks-report-2025/digest/  ; 
Consulted 9/6/25



Newsweek , 1 May 2015

… and  global conflicts,



… and it induces migration.



The water problem is not a total stock problem: 
We are still living on a blue planet!

The positive narrative 

SEI, 2005
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Overview effect
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The water problem considering the «overview effect ».
The less positive narrative: A brown planet.



Humanity started realizing that climate change 
affects natural systems considerably. 
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Humanity started realizing that climate change 
affects natural systems considerably.
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Overall risks associated with CC. 
IPCC, AR5

The future is not blue!



Estimated global withdrawals.  
Gleick, P., 2003, Science

We expect more withdrawals,



We expect more withdrawals,

Source: Boretti, A., Rosa, L. Reassessing the projections of
the World Water Development Report.
npj Clean Water 2, 15 (2019). https://doi.org/10.1038/s41545-019-0039-9



Changed precipitations, 
RCP 2,6 (2081-2100 vs 1986-2005)

IPCC, AR5

…modified climate patterns,



Change of annnual streamflow, 
IPCC, AR5

…modified runoff patterns,



…modified runoff patterns, 

Change of return period in 2080 
of the 20th century 100 year flood

IPCC, AR5



Change of recharge, IPCC, AR5

…modified recharge patterns,



Blue and green water availability 2000
Rockström et al., 2009, WRR

… modified blue and green water availability,



…modified blue and green water availability,

Blue and green water availability 2050
Rockström et al., 2009, WRR
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… modified blue and green water availability,



The modelling chain for assessing hydrological impacts 
of climate change at the regional scale
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Source:  Sellami et al., 2012
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Modelling uncertainty sources

• Model input uncertainty and model parameter
uncertainty

• Observational uncertainty

• Scenario uncertainty

• Structural model uncertainty

49



Modelling uncertainty sources

• Model input uncertainty and parameter uncertainty

• Observational uncertainty

• Scenario uncertainty

• Structural model uncertainty
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Propagating uncertainty
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Propagating uncertainty: 
Effect of sensitivity
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Propagating uncertainty: 
Effect of non linearity
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Modelling uncertainty sources

• Model input uncertainty
• Model parameter uncertainty
• Observational uncertainty
• Scenario uncertainty
• Structural model uncertainty
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Observational uncertainty

55
Source:  Sellami et al., 2012
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Source:  Sellami et al., 2012



Modelling uncertainty sources

• Model input uncertainties
• Model parameter uncertainty
• Observation uncertainty
• Scenario uncertainty
• Structural uncertainty
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Scenario validation

The quality of a scenario is defined as the adequacy for 
a given use.

Components of scenario validation: 
– Representativeness
– Theoretical and logical consistency
– Juridical conformity 
– Political  conformity
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Modelling uncertainty sources

• Model input uncertainties
• Model parameter uncertainty
• Observation uncertainty
• Scenario uncertainty
• Structural model uncertainty
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About certain and uncertain uncertainty

60
https://www.youtube.com/watch?v=GiPe1OiKQuk

“Reports that say that something hasn't 
happened are always interesting to me, 
because as we know, there are known 
knowns; there are things we know we know. 
We also know there are known unknowns; 
that is to say we know there are some things 
we do not know. But there are also unknown 
unknowns—the ones we don't know we 
don't know. And if one looks throughout the 
history of our country and other free 
countries, it is the latter category that tends 
to be the difficult ones”

Source: Donald Rumsfeld, 2002



About certain and uncertain uncertainty
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What dominates? 
Climate model uncertainty or 
hydrological model uncertainty

62
Source: Sellami et al.,  2021

Climate

Hydrology



About communicating uncertainty
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Source: https://report.ipcc.ch/ar6wg2/pdf/IPCC_AR6_
WGII_SummaryForPolicymakers.pdf
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Source: https://report.ipcc.ch/ar6wg2/pdf/IPCC_AR6_
WGII_SummaryForPolicymakers.pdf



About communicating uncertainty

“Each finding is grounded in an evaluation of underlying evidence 
and agreement. A level of confidence is expressed using five 
qualifiers: very low, low, medium, high and very high, and typeset in 
italics, e.g., medium confidence. The following terms have been 
used to indicate the assessed likelihood of an outcome or a result: 
virtually certain 99-100% probability, very likely 90-100%, likely 66-
100%, as likely as not 33-66%, unlikely 0-33%, very unlikely 0-
10%, exceptionally unlikely 0-1%.” 
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Source: https://report.ipcc.ch/ar6wg2/pdf/IPCC_AR6_
WGII_SummaryForPolicymakers.pdf



How to handle uncertainty
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How to handle uncertainty
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How to handle uncertainty

68



How to handle uncertainty
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How to handle uncertainty
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How to handle uncertainty
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How to handle uncertainty
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Take ahome messages
• Our planet is still blue, however…
• Climate change is expected to affect the water system considerably, in 

particular in the mediterranean area.
• Sure, there is much uncertainty in the climate change hydrological

impact modelling chain.
• The science community very often propagate the certain uncertainties, 

much less effort is devoted to deep uncertain uncertainty. 
• Take care of good uncertainty communication.
• Uncertainty on predicted impacts is very often determined by case 

study specific conditions. 
• Impact of certain uncertainty can be reduced by increasing

observational quality, improving model and modelling validation.
• Save a seat for the deep uncertain uncertainty and post-normal 

science.  
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