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URAdapt
Managing Water at the Urban-Rural Interface: The key to climate 

change resilient cities



Definition of Accra (GAMA)
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Accra Metropolitan Area Tema Municipal Area Ga Districts

Ashaiman MunicipalityLedzekuku-Krowor

GAR

1.3 mill - 1984

2.7 mill – 2000

4.0 mill – 2010

Source: Modified  

from

Adank et. al. 2011

Adenta



Sources of 
surface water 

supply to 
Accra Urban 

Area.

ACCRA URBAN AREA

Volta river

Densu river
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Accra

Dodowa



Water Supply to Accra
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Water supply development to Accra during 1950-2040. 

Source of data: (AVRL 2006; Amuakwa 2007) 

Units: MCM/year

66MCM/yr

133MCM/yr



Accra Urban Water System. 
What water are we talking about? 

Pipe burst

Weija

Urban agriculture
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Akosombo

Potable water

Drain
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Research Motivation
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Aim



VENSIM (VENtana SIMulation) 
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DYNAMO iTHINK/STELLA POWERSIM VENSIM



Model Properties

•VISUALIZATION of relationships between 
parameters.

•WITH EACH TIME STEP, parameters can 
change; you can play with them.

–You can explore and better understand 
interaction between system components

• ERROR MESSAGES: when units are not 
compatible, when values become 
unrealistic during modeling, 
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• System Dynamics

• Time series data input (ET, Rainfall, Water supply etc)

• Outputs : Excel format or VENSIM graphs
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Working of the model



Model Parameters
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No Parameter Equation/Value Units

1

Average Water Use Flush 
Toilet 12 liters/turn

2

Average Water Use Other 
Toilet 1 liters/turn

3Crop Intensity 0.8 dimensionless

4Crop Water Demand Crop Intensity * (Ref ET - (Rainfall* 0.7)) * average Kc mm

5SUPPLY-DEMAND GAP
IF THEN ELSE( Domestic Water Supply - Domestic Water Demand > 
0, Domestic Water Supply - Domestic Water Demand, 0.001) m3/year

6Domestic Wastewater Domestic Water Supply*Water Return Fraction m3/year

7Domestic Water Demand Population Number * "Per Cap. Dom. Water Demand" *365/1e+009 m3/year

8Domestic Water Supply Net City Water Supply * 0.83 m3/year

9Eff. Greywater Disposal Fact. 0.6 fraction

10Effective Runoff (City Area * 1e+006) * (Rainfall /1000) * Rainfall Runoff Coefficient m3/year

12Grey Wastewater Generated Domestic Wastewater-Black Wastewater Generated m3/year

13Gross City Water Supply Weija Reservior+Volta Resevior+GW Withdrawal m3/year

14GW Withdrawal GET XLS DATA('URAdaptData.xls','timeseries','A','E3') m3/year

15Industrial Water Supply Net City Water Supply * 0.17 **undefined**

16Net City Water Supply
(Gross City Water Supply - Gross City Water Supply*Physical Water 
Loss Fraction) m3/year

17Per Cap. Dom. Water Demand GET XLS DATA('URAdaptData.xls','timeseries','A','M3') l/person/day

18Per Capita Domestic H20 Use (Domestic Water Supply*1000) / Population Number/365 lpcd

19Physical Water Loss Fraction 0.3 fraction

20Population Number GET XLS DATA('URAdaptData.xls','timeseries','A','P3') Population Number

21

Potential Wastewater Use for 
Irrigation Total Runoff * WW Use Factor In Irrigation m3/year

22Rainfall GET XLS DATA('URAdaptData.xls','timeseries','A','G3') mm/year

No Parameter Equation/Value Units

1

Average Water Use Flush 
Toilet 12 liters/turn

2

Average Water Use Other 
Toilet 1 liters/turn

3Crop Intensity 0.8 dimensionless

4Crop Water Demand Crop Intensity * (Ref ET - (Rainfall* 0.7)) * average Kc mm

5SUPPLY-DEMAND GAP
IF THEN ELSE( Domestic Water Supply - Domestic Water Demand > 
0, Domestic Water Supply - Domestic Water Demand, 0.001) m3/year

6Domestic Wastewater Domestic Water Supply*Water Return Fraction m3/year

7Domestic Water Demand Population Number * "Per Cap. Dom. Water Demand" *365/1e+009 m3/year

8Domestic Water Supply Net City Water Supply * 0.83 m3/year

9Eff. Greywater Disposal Fact. 0.6 fraction

10Effective Runoff (City Area * 1e+006) * (Rainfall /1000) * Rainfall Runoff Coefficient m3/year

12Grey Wastewater Generated Domestic Wastewater-Black Wastewater Generated m3/year

13Gross City Water Supply Weija Reservior+Volta Resevior+GW Withdrawal m3/year

14GW Withdrawal GET XLS DATA('URAdaptData.xls','timeseries','A','E3') m3/year

15Industrial Water Supply Net City Water Supply * 0.17 **undefined**

16Net City Water Supply
(Gross City Water Supply - Gross City Water Supply*Physical Water 
Loss Fraction) m3/year

17Per Cap. Dom. Water Demand GET XLS DATA('URAdaptData.xls','timeseries','A','M3') l/person/day

18Per Capita Domestic H20 Use (Domestic Water Supply*1000) / Population Number/365 lpcd

19Physical Water Loss Fraction 0.3 fraction

20Population Number GET XLS DATA('URAdaptData.xls','timeseries','A','P3') Population Number

21

Potential Wastewater Use for 
Irrigation Total Runoff * WW Use Factor In Irrigation m3/year

22Rainfall GET XLS DATA('URAdaptData.xls','timeseries','A','G3') mm/year

SUPPLY-DEMAND 
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Gross City Water 
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Physical Loss
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Per. Cap. Water 
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DOMESTIC 
WATER SUPPLY

DOMESTIC 
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Projections Of Urban Water Demand 
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Population Growth Demand Management

Water Demand



Projections Of Urban Water Demand 
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Population Growth Per Capita Water Demand 
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Accra Population Projections

Growth 
Rate

Source Key Assumption

3.4;6.1;8.9

3.5

4.4

6.1

Lower Projection

High Projection

Middle Projection



Accra Water Demand Projections

Water Demand Per Capita (lpcd)  

(TAHAL, 2008)

High Projection

Middle Projection
Low Projection



Scenarios Of Development
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Source: GSS, 2002; GSS, 2005;TAHAL, 2008; Adank et al, 2011 



Scenarios Of Development
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Source: GSS, 2002; GSS, 2005;TAHAL, 2008; Adank et al, 2011 



•Water supply/demand situation under 
different demographic and water use 
scenarios,  that include climate and socio-
economic drivers

•Waste water generation  and  
management with and without climate 
change

• Evaluation of proposed demand 
management activities using VENSIM

Scenarios Of Development
What else could be done? 



Water Supply City Water Use Reuse in Agric.

Accra city water balance as used for the VENSIM model

Model Layout
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Outputs for the modeling
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What is the model saying?



Demand and Supply Gap

20 M

15 M

10 M

5 M

0

169 229 289 348 408
Time (Month)

Demand and Supply Gap : Low Scenario future on Water management m3/Month

Demand and Supply Gap : Midium Scenario future on Water management m3/Month

Demand and Supply Gap : High Scenario future on Water management m3/Month

Water Supply and demand of 
Addis Ababa City

203020202011



Water Supply and demand of 
Addis Ababa City
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Demand and Supply Gap

20 M

15 M

10 M

5 M

0

169 229 289 348 408
Time (Month)

Demand and Supply Gap : Low Scenario future on Water management m3/Month

Demand and Supply Gap : Midium Scenario future on Water management m3/Month

Demand and Supply Gap : High Scenario future on Water management m3/Month

2021 20302010

Despite additional water supply development, by 
2030 Addis will still have insufficient water 
supply due to increased temperature and 
expansion of population and wellbeing

– Water saving and management compensates part 
of water demand and should be supported by 
policy and enforcing laws

– Water saving should include cocktails of measures

• Water harvesting mechanisms

• Using water saving facilities

• Un-accounted water loss reduction

– Additional water supply source development




