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Solution developed based on key concepts: 

 interventions over entire urban water cycle;  

 governance & financial management structures 
covering the entire urban water cycle.  

 resilience of urban water systems to global 
change pressures – flexible design;  

 reconsideration of the way water is used (and 
reused) – security through diversity;  

 greater application of natural systems 

SWITCH Focus Areas 



32 partners from 15 countires 

Netherlands, UK, 
Germany, Israel, 
Brazil, Colombia, 
Peru, Spain, China, 
Ghana, Greece, 
Palestine, Egypt, 

Poland, Switzerland  

40 PhD’s 

 



SWITCH – A Tale of 12 Cities 

 

Belo Horizonte, Brazil 

Tel Aviv, Israel 

Birmingham, UK Hamburg, Germany 

Lodz, Poland 

Zaragoza, Spain 

Accra, Ghana 

Beijing, China 

Alexandria, Egypt 

Chong Qing, China 

Cali 

Lima 

       Bogota 

Strategic Planning  Research 
 

 

Demonstrations 

         City Learning Alliances 



SWITCH-Key Outputs 

• Learning Alliance Handbook  

• Global Training Package IUWM 

• City Water Tool  

• Sustainability Framework 

• Transitioning manual   

• GIS Stormwater Tool 

• GL - Natural Systems for WT 

and WWT 

 

• Manual on ecohydrological 

approaches in cities 

• GL - Design, Operation & 

Maintenance of SAT systems 

• GL - Sanitation systems with 

source separation 

• Guidelines urban agriculture 

• 12 City case studies 

• Over 80 publications on IUWM 



SWITCH Latin America 
& Caribbean 

http://sgs.usf.edu/


SWITCH-LAC 

Proposed demos include: 

 Belo Horizonte 

 Bogotá 

 Cali 

 Lima 

 Mendoza 

 Rio de Janeiro / Niteroi 

 Tampa 

 Tegucigalpa 

 

 

 



SWITCH-in-Asia 

 

• Kaohsiung/Taipei 

• Kathmandu 

• Dacca 

• Bangalore 

• Phnom Penh  

• Seoul 

• Manila 

• Jakarta 

• Melbourne 
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• Transitioning Process 
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City of the Future - Integration 

Source: CSIRO 

Water 

treatment 

Reservoir

s 

STP 

Dams  

Climate 

Greywater 

collection and 

treatment 

Household

s Cities 

Industry 

Districts 

Ocean 

outfall 

Pipelines Pipelines 

Agriculture Agriculture 

Natural system 

– rivers, 

oceans, 

aquifers 

Natural system 

– rivers, 

oceans, 

aquifers 

Natural system 

– rivers, 

oceans, 

aquifers 

Holistic systems approach  
to the urban watershed 



SWITCH City Water 



SWITCH City Water 



T1: Paradigm Shift Interventions over urban water cycle 

Unit Block 



T1: Paradigm Shift Interventions over urban water cycle 



T1: Paradigm Shift Interventions over urban water cycle 



Hamburg Water Cycle - Demonstration Project Jenfeld 

Augustin Schonlau 2008 

Cascading Uses of Water- Hamburg 



T1: Paradigm Shift Interventions over urban water cycle 





Mackay 2010 



Reuse of Resources - Rostock 

Case Study Mueßer Holz - Infrustructural landscape 
approach within shrinking cities 

Stokman 2008 



Abiotic 

Cultural Biotic 

Mineral Resources Planning 

Water Resources Planning 

Landscape Planning 

Transportation Planning 

Urban Planning 

Watershed planning 

Greater Integration 

Ahern, 1995 



Abiotic 

Cultural Biotic 

Mineral Resources Planning 

Water Resources Planning 

Landscape Planning 

Transportation Planning 

Urban Planning 

Watershed planning 

Planning - Lack Integration 

Ahern, 1995 

Constrains other 
urban services 



Abiotic 

Cultural Biotic 

Water Sensitive Urban 

Planning and Design 

Greater Integration 

Ahern, 1995 



• Multi-objective urban planning (what 
should drive the urban plan?) 

 

New challenges – New Thinking 

Blue 

u=f  (v,w,x,y) 

Green 

v=f  (u,w,x,y) 

Human 

w=f  (u,v,x,y) 

Cultural White 

x=f  (u,v,w,y) y=f  (u,v,w,x) 

γ β α δ ε 

Z = (γ.u  +β.v  + α.w  + δ.x + ε.y) 



 

0.3 m3/m2 
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0.3 m3/m2 



 

0.3 m3/m2 



a global network for water professionals 

Allows optimizing 
within a continuum 
of options 

Highly 

Centralized 
Highly 

Decentralized 

Cluster In Situ Nodal Large 

Scale  

Which is more efficient? 

Which is more sustainable? 

Which is more appropriate? 

Greater Integration 

Need for Interfaith Dialog ! 



 The water sector can’t do it alone 

                                        
Land planners 
Architects 
Developers 

 
Gov’t officials 
Financiers 
Energy experts 

Need to create Utilities of the Future  that 
lead innovation 

• Direct utility investments towards 
integration 

• Advocate for funding, regulations and 
incentives 
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• Entire earth system is changing! 

Hazards - New challenges 



Source: Hadley Centre (2003) 

Changes  - Uncertainties 

Source: Hadley Centre  



Emissions 

GCM/Downscaling 

Decision Making 

Hydrological 

WR 

Uncertainties in predictions 

Range of Possibilities 



Let’s Tally Up 

      Population Growth +  Urbanization 

 +  Rising Standards (Health, Environ) 

 +  Climate Change 

 + Ensemble of Models 

 =  Major Change and Uncertainty 
 

 

  

 



  Many Future Change Drivers   

+  Unknown Trends Of the Drivers    

+  Many Sources of Uncertainties 
 (Inputs, Parameters, & Models) 

=  Major Change and Uncertainty 
 

Let’s Tally Up 



• Entire earth system is changing! 

New challenges – New Thinking 

Uncertainty in 
storm events 

Uncertainty in 
quantity & quality Uncertainty in 

demand 

Uncertainty in 
runoff response 

Uncertainty in carrying 
capacity/breakage rate 



The Application Space 

High 

Income 

Low / Mid 

Income 

Already built: 

Urban 

remodelling 

Greenfield 

(& brownfield): 

Starting from 

scratch 

Small 

Large 



Source: Hadley Centre (2003) 

Decision Making in Uncertain World 

Source: Hadley Centre  



 Flexibility is the ability of urban water systems to use 

their 

active capacity to act to respond on relevant alterations  

in a performance efficient, timely and cost effective way  
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 Flexibility is the ability of urban water systems to use 

their 

active capacity to act to respond on relevant alterations  

in a performance efficient, timely and cost effective way  

Capability for active 
change of system  

Characteristics of the 
change process  

Flexibility Assessment 

Deal with future 
uncertainties 



Environment 

Desired Use 

Flexible 
Design 

Robust 
Design 

Changing 

Fixed 

Fixed/Known Changing/Unknown 

Flexibility VS Robustness 

 
Optimum      
Design 





 







 





• Real Options Theory  

• Net Disturbance Propagation (NDP) 

• Range of Resemblance (RR)  

• Communality Index (CI) 



Sustainable Urban Drainage 

ecological 
treatment 

green roofs pervious 
pavement 

infiltration 
trench 

stormwater 
harvesting 

retention 
pond 

SUDs provides modular diversity 
that increases flexibility resulting 

in a  complex adaptive system 
(Sieker et al., 2008, Eckart, 2008) 



Examples of activities 

Suite of Options 

SWD 

Filter strips 

Open trenches 

Permeable 

pavers 

Bio Retention 

Green roofs RWH 

8 



Time 

Urban Drainage Modular System 

Rural 
Semi-Urban 

Urban 



Define UWS  
(incremental change) 

Uncertainty  

Identification &  

Characterization 

City Water  

Simulation Tool 

System   

Acceptable ? No Yes 
Flexible System  

Proposed 

Modify UWS 

Flexibility Design Framework 

Flexibility  

Assessment 

Optimisation 



Define UWS  
(incremental change) 

Flexibility Design Framework 

Platform Design, Modular System, Scalability, 
Retrofitting, Investment deferral, Multistage 

Deployment, System Expansion 

Reservoirs, Pumps, Valves, 
Pipes, RT Control etc.  

Modular, Decentralized 
Multiple Use, RT control  



Define UWS  
(incremental change) 

Uncertainty  

Identification &  

Characterization 

City Water  

Simulation Tool 

System   

Acceptable ? No Yes 
Flexible System  

Proposed 

Modify UWS 

Flexibility Design Framework 

Flexibility  

Assessment 



Uncertainty  

Identification &  

Characterization 

Flexibility Design Framework 

Probability, Possibility,  Info-gap 



Define UWS  
(incremental change) 

Uncertainty  

Identification &  

Characterization 

City Water  

Simulation Tool 

System   

Acceptable ? No Yes 
Flexible System  

Proposed 

Modify UWS 

Flexibility Design Framework 

Flexibility  

Assessment 



ROC 

Flexibility 

Level 1  Level 2  Level 3  

Effort of Change 

Inputs 

Minimax Regret 

Flexibility Design Framework 

Flexibility  

Assessment 



 Flexibility is the ability of urban water systems to use 

their 

active capacity to act to respond on relevant alterations  

in a performance efficient, timely and cost effective way  

Range of change  
system can cope with  

Capability for active 
change of system  

Minmax regret 
performance 

Effort of change   

Characteristics of the 
change process  

Flexibility Assessment 



City Water Tool  

Sample 

Inputs 

Next 

Flexible Design 

Flexibility Design Framework 



City Water Tool 

Sample 

Inputs 

Next 

Flexibility Framework 

Flexibility Design Framework 

ROC 

Flexibility 

Effort of Change 

Minimax Regret 



Helm 2007 

Measurement of Flexibility -  
Case Study Kupferzell 

 
•  Stormwater 

master plan for 
Kupferzell,  
a small City in 
southern Germany  
 

•  4 futures 
scenarios have been 
developed 
 

•  4 different 
alternative solutions 
have been designed 



Helm 2007 

Homogeneity Performance 

Conventional Sewer SUDS 

For different Objectives 



Helm 2007 

Sewers 

SUDS 

Case Study: Kupferzell Germany 



 

Residential area with 400 living 
units and total area of 17 ha 

 

4 different future scenarios 

 

3 different alternative solutions  

•Conventional sewer systems 

•SUDS I and  

•SUDS II 

Case Study Hamburg 



Minimax Regret System Performance for 
Altering Future Conditions 

Regret System Performance 



Effort of Change 

Costs of Change, Duration of Change etc. 



Flexibility of Alternative Solutions 



Where/what to retrofit on-site??? 



Flexible Design of UWDS 

Range of possible future states 

Water demand Scenarios (Q in L/s) 
Hypothetical WDN  
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Flexible Design of UWDS 

0 10 20 30 

A A A A 

B B B 

C C 

D 
Scenarios 

1=  A-A-A-A  

2=  A-A-A-B 

3=  A-A-B-B 

4=  A-A-B-C 

5=  A-B-B-B 

6=  A-B-B-C 

7=  A-B-C-C 

8=  A-B-C-D 

Cost Comparison using regret ( Opportunity loss) 

200 

150 

100 

50 

Cost 

10^3$ 

1 2 3 4 5 6 7 8 Scenario 

System alternatives 
for different future 
scenarios 

Robust 

Flex-I 

Flex-II 



Flexible Design of UWDS 

0 10 20 30 

A A A A 

B B B 

C C 

C 
Scenarios 

1=  A-A-A-A  

2=  A-A-A-B 

3=  A-A-B-B 

4=  A-A-B-C 

5=  A-B-B-B 

6=  A-B-B-C 

7=  A-B-C-C 

8=  A-B-C-D 

40 
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20 

10 

Regret 

10^3 

1 2 3 4 5 6 7 8 

32 

1 

25 
22 

20 18 16 15 
12 

1 1 1 0.7 0.7 1.2 1.7 

Robust 

Flex-I 

Flex-II 

Opportunity loss: Regret as a decision criteria 



40 

30 

20 

10 

Max.Regret 

10^3 

Robust Flex-II Flex-I 

32 

1 
1.7 

Minmax 

Regret 

0 10 20 30 
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1=  A-A-A-A  

2=  A-A-A-B 

3=  A-A-B-B 

4=  A-A-B-C 

5=  A-B-B-B 

6=  A-B-B-C 

7=  A-B-C-C 

8=  A-B-C-D 

Flexible Design of UWDS 
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Transitioning 

Graph Theory Transition Systems 

Existing System 

Future System                        

Based on Old System 

Future System                     

Totally New System 
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SWITCH Emscher - SUDS 

Transition Emschersystem 

Emschergenossenschaft 

Emscher River around ... 

            1890                          1980                           2010 



Transitioning SUDS 

Transition Emschersystem 1990 

Emschergenossenschaft 



Transition Emschersystem 2020 

Emschergenossenschaft 

Transitioning SUDS 



Transition Emschersystem 1990 

Emschergenossenschaft 

Transitioning SUDS 



Transition Emschersystem 2000 

Emschergenossenschaft 

Transitioning SUDS 



Transition Emschersystem 2010 

Emschergenossenschaft 

Transitioning SUDS 



Transition Emschersystem 2020 

Emschergenossenschaft 

Transitioning SUDS 



Conventional 
DWTP 

Conventional 
WWTP 

Conventional Centralized Water and Waste 
Water  Treatment Systems 

Transitioning -Treatment Systems 



DWTP 

Advanced 
WWTP 

Bank 
Filtration 

Transitioning -Treatment Systems 

Decentralized Closed Loop Water and 
Waste Water  Treatment Systems 



DWTP 

WWTP 

Bank 
Filtration 

Transitioning -Treatment Systems 
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Transitioning -Treatment Systems 



DWTP 

Advanced 
WWTP 

Bank 
Filtration 

Transitioning -Treatment Systems 



DWTP 

Advanced 
WWTP 

Bank 
Filtration 

Transitioning -Treatment Systems 



Choices Before Us 

What You 

Know.. 

What You 

Don’t  Know.. 
What You 

Know.. 

Stay in Lane - 

Business as 

Usual  

Try Harder, 

Spend More for   

Traditional Sys 

Truly Different 

Approach   

 



Kalanithy Vairavamoorthy 
Scientific Director of SWITCH-IP (EU-FP6) 

vairavk@grad.usf.edu 

Thank You 

http://sgs.usf.edu/

