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Good Decision Making Is Challenged By 

Uncertainty and Disagreement  

Shanghai 1990 vs. 2010 

Rapid  
Changes 

Competing  
Priorities 

Conservation vs. 
Development  
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Uncertain 
Future 

Climate Change 



Climate models try to guess what the 

future climate will be like…  

The Meteo-France model, from IPCC 



But they disagree with each other 

The Meteo-France and the Australian model, from IPCC from S. Hallegatte 



… and we have a lot of models… 

… and future climates depend on future climate 

policies… 



Now What? 



And the uncertainty is not just on 

climate 

Year 2000, seen from 1900… (From 
Hildebrands) 



Is it hopeless? 



No, but we need to change the way we 

plan and make decisions 
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The challenge of our utility/agency 

The planner and designer question: “I have 

to consider the effects of climate 

change…what shall I do?”  

 

How do we ensure that our investments 

are robust to climate risks? 

 

How do we make climate-smart policy 

choices against a backdrop of uncertainty? 



Motivations for a Robustness-Based 

Approach 

There might be less water than we expect 
http://commons.wikimedia.org/wiki/File:Lake_mead_july_2009.jpg 

Or there might be more 
http://www.politico.com/news/stories/1012/83043.html 

We don’t try to guess what the future conditions will be, we try to 
be robust and flexible. 



What will the  
future be? 

What is the best 
near-term decision? 

How sensitive is 
our decision to our 

predictions?  

“Predict Then Act” 

Robust Decision Making (RDM) methods ask: What are the 

limitations of our plans and investments and how can we 

improve them? 

How can we reduce 
the vulnerabilities?  

What are the 
vulnerabilities of 

our 
plan/investment? 

What options we 
have? 

Robust Decision Making (RDM)  
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What is the future? 

What is the best 
decision based on 

our 
forecast/scenario?  

To what extend the 
decision depends 

on our 
forecast/scenario? 



The Decision Tree 
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Lima faces major water-related 

challenges 

• 9.8M people 
• Rapidly growing 

population 
• Many industries 



• 6mm rainfall annually 

• Depends on water from three river basins 

– Andean glaciers nearly gone 

– Andean rainfall is vulnerable to climate 
change 

Lima faces major water-related 

challenges 

• Persistent water shortages 

• Over 1M underserved poor 

• Competition among users 



SEDAPAL’s US$ 2.5 Billion 
Master Plan to 2040 



SEDAPAL designed this plan by 
projecting historical trends forward 

Current Conditions 

(855Mm3, 0%) 
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Change in 

Streamflow: 0% 



SEDAPAL designed this plan by 
projecting historical trends forward 

Future Projection 

(1125 Mm3, 0%) 

Current Conditions 

(855Mm3, 0%) 
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Change in 

Streamflow: 0% 



But future demand is deeply uncertain 

• Rapid population growth may or may not 
continue 

 

 

 

 

 

• Per-capita water use may change 
– Affluence  more water consumption 

– Better technologies  less water consumption 

… 
2040 

? 



And future climate is deeply uncertain 

• Climate projections disagree 

• Droughts may become more 
common 

+23% -15% 

Much more  

precipitation 

Much less 

precipitation 



And SEDAPAL’s  
ability to implement certain 
projects is deeply uncertain 



Uncertainties raise important questions 

for SEDAPAL about the Master Plan 

1. Does the Master Plan ensure water 
reliability in the face of these  
uncertainties?  

2. Are all proposed projects necessary to 
achieving reliability?  

3. How should considerations of project 
feasibility shape the city’s investment 
strategy?  

4. How should projects be prioritized? 



We use a WEAP simulation model to 
assess water reliability 

• Monthly time series of 
demand and streamflow 

• Which of 14 projects to 
implement 

90th percentile of 
monthly met demand 

WEAP Model of 
existing system and 
proposed projects 



We developed 600 plausible futures 
(300 demand/streamflow conditions x 2 project feasibility conditions) 

Future Projection 

(1125 Mm3, 0%) 

Current Conditions 

(855Mm3, 0%) 



We developed 600 plausible futures 
(300 demand/streamflow conditions x 2 project feasibility conditions) 

Future Projection 

(1125 Mm3, 0%) 

Current Conditions 

(855Mm3, 0%) 



We developed 600 plausible futures 
(300 demand/streamflow conditions x 2 project feasibility conditions) 

Future Projection 

(1125 Mm3, 0%) 

Future ID: 175 

Total Demand: 1354 Mm3 

Dry Season Streamflow Change:  43% 

Wet Season Streamflow Change:  58% 



Uncertainties raise important 
questions for decision makers about 

the Master Plan 
1. Does the Master Plan ensure water reliability 

in the face of these uncertainties?  

2. Are all proposed projects necessary to 
achieving reliability?  

3. How should considerations of project 
feasibility shape the city’s investment 
strategy?  

4. How should projects be prioritized? 



Without the proposed projects, SEDAPAL cannot 
achieve water reliability in projected conditions 

Future Projection 

(1125 Mm3, 0%) 

Reliability achieved 

Reliability NOT 

achieved 



With All Projects, SEDAPAL can achieve reliability in 
many more, but not all, futures 

Future Projection 

(1125 Mm3, 0%) 

Reliability achieved 

Reliability NOT 

achieved 



Does the Master Plan ensure water 

reliability in the face of these deep 

uncertainties?  

1. It ensures reliability under much wider conditions 

1 2 

3 

1 

1. It does so at significant cost 
 

2 

1. But it cannot ensure reliability in all cases 
SEDAPAL may need aggressive efficiency and 
demand management  
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Could SEDAPAL achieve water reliability 
with a smaller, less costly portfolio of 

projects? 
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Smaller, less-costly portfolios can achieve the 

same performance as the full plan 

Reliability achieved with 6-project 
portfolio at 50% of the budget 

Reliability achieved with 10-project 
portfolio at 75% of the budget 

Reliability cannot be 
achieved at any budget 

There are no cases where reliability 
cannot be achieved with a 75% budget, 
but can be achieved with a 100% budget 



Two projects can be safely delayed  

until after 2040 



Without knowing the future, can SEDAPAL can 
still make some smart choices? 



This project helps SEDAPAL… 

• Understand its Master Plan more fully 
– Assess climate change threats without first needing to 

predict the future climate.  
– Identify projects that particularly important for 

achieving water reliability.  
– Reveals the strengths and vulnerabilities of its Master 

Plan specifically and concisely 

• Implement its Master Plan robustly  
– Identify near-term, no-regret projects it can embark 

upon now 
– Pursue additional actions adaptively as future 

conditions evolve 

 
….plan for the future without first predicting it 
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Takeaway messages 
To manage water-related risks… 

1. Confront climate and non-climate uncertainty in 

both supply and demand 

2. Chose the right methodology: climate vulnerability 

is usually about variability and extremes. Are 

traditional methods obsolete?  

3. Chose adequate methodologies according to the 

case and dominant uncertainties 

4. Seek for efficient use of available resources and 

time in a logical, sequential and scientifically 

sustainable manner 

5. Involve stakeholders in analyzing trade-offs for 

managing decisions: robustness? Optimization? 



Thank you! 
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