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OVERVIEW

• Water availability and quality determine 

the productivity of all ecosystems.

• It is a resource of extreme importance 

for the environment, economy and 

society.

World Underdeveloped
countries

Developed
countries

Industrial use
Agricultural use
Domestic use



OVERVIEW
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The Access to quality water and in the amount 

that man wants is not always easy, due to:

• Seasonal water availability;

• Increased pressure on water resources;

Climate changes that can lead to an increase 

in the frequency and intensity of extreme 

events.



OVERVIEW

With the focus on the mitigation of these extreme phenomena, solutions such as:

Allocation of sustainable detention basins for flow 
control 

Rainwater Harvesting, at the river basin scale for 
agroforestry applications

- Combat Forest Fires

- Water availability for agriculture

- Consumption

- Flood Attenuation



Develop an optimization model for 

the location of flood retention basins 

or rainwater harvesting systems.

MOTIVATION



Rainwater Harvesting

(for agroforestry applications)
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2. STUDY AREA 1

Ave River Basin

↑ Higher population density;

↑ Urban and industrial waste water discharges;

↑ Livestock production;

↓ Freshwater quality is generally poor.

Sabor River Basin

↓ Lower population density;

↑ Agriculture;

↓ Urban waste water discharges;

↑ Better freshwater quality.

Ave
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1. STUDY AIM

The main objective of this study is to propose a new model for the implantation of RWH 

Systems in small watersheds, that incorporates site and project specific features as well 

as flexible weights:

• To develop a model that distinguishes a planning stage from the allocation stage;

• To develop a planning stage, that replace fixed by flexible weights in the MCA design; 

• To develop an allocation stage that constrains suitable RWH sites as function of site and 

project specific parameters. 
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3. Workflow 1

PHYSICAL PARAMETERS

Generic 
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suitability 
map

Project location and upstream 
catchment
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Project-
oriented 
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suitability
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Water demand for the project

Potential and competent sub-
catchments

Suitability of potential sub-catchments

Ranking analyses based on suitability, 
competence and site-specific 

parameters
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4. RESULTS

Sub-catchment
Project-oriented

suitability
Score

Long-term stream 

flow (m3.yr–1)
Score

Distance from the basin 

outlet to the target area 

centroids (m)

Score
Dam wall

height (m)
Score

Sum of

scores
Ranking

1 162 4 7631319 5 8148 1 12 4 14 3

2 163 5 2687025 3 8146 2 18 2 12 4

3 153 1 4186645 4 5296 3 14 3 11 5

4 157 3 2069005 2 5287 4 24 1 10 6

5 177 6 1973356 1 3089 5 6 6 18 2

6 157 2 12071781 6 3048 6 8 5 19 1

6

1
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5. DISCUSSION

Planning allowed the production of a generic RWH suitability map at catchment scale.

Allocation incorporated site and project specific parameters as well as flexible weights.

Combining planning with allocation, it´s possible to adapt the model to any agro-forestry application.

The results obtained evidenced the importance of the site parameters when the application areas are 

pre-defined, eg. the basin with the best Project-oriented suitability was not the most appropriate one.

Reduced contaminated water in crop irrigation.
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Sustainable Detention Basins

(Flood control)
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1. STUDY AIM 2

The purpose of this study was to develop a flood attenuation model based on 

detention basins critical flood risk zones of continental Portugal, capable to 

eliminate the high and very high flood risk areas instead of attempting to 

ensure full control of the flood in all potentially threatened areas.



2. STUDY AREA 2

• Portugal identified 22 critical flood 
risk zones in a study coordinated by 
the APA.

• Directive 60/2007/EC, Floods 
Directive.

• It requires EU Member States to 
draw up flood risk maps.



3. Workflow 2

Step 3 - Estimate the catchment area delivering 
volume V as runoff during a storm (A)

Step 1 - Set up peak flow vs risk area 
relationships:

Q = Q0 + b x A

Step 4 - Look for catchments with area equal to 
A within the studied critical zone

The Dutch method relates V with A

The ArcHydro software and ArcGIS
computer programs are capable to 

identify all possible catchments and dam 
wall heights

Step 2 - Estimate the volume of storm flow to 
store in detention basin (V)

Rationale

Eliminate the areas of high 
and very high risk (A)

FLOOD RISK 
ATTENUATION 

MODEL

Q = Q0 implies A = 0

(i.e. no high or very high risk areas)

The triangular hydrograph method 
estimates V from Q0



4. RESULTS 2



5. DISCUSSION

• The number of sustainable 

detention basins is reduced 

by ca. 30% when the full 

flood control model is used.

• In 3 critical zones (Ponte da 

Barca, Coimbra and 

Santiago do Cacém), the 

proposed detention basins 

are all non-sustainable. 
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DISCUSSION

• Of the 15 critical zones, only 3 presented only non-sustainable retention basins.

• Because the construction of non-sustainable(engineered) dams is extremely costly, 

the possible way to mitigate flood risk in these critical zones would be to couple flood 

attenuation with hydroelectric use, or through the implementation of an extensive 

reforestation program in the catchment with the purpose to increase 

evapotranspiration and reduce runoff.
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FINAL CONSIDERATIONS

• The Rainwater Harvesting study outcomes are promising, because they can assist 

politicians and water planners in their quest for good quality water to be used in 

agriculture. In this context, it is worth recalling that the use of harvested rainwater in 

agriculture has been a prognostic in the latest watershed management report focused on 

the Ave River basin.

• According to the second study, it is recommended that planners, stakeholders and policy 

makers consider the use of sustainable flood detention basins for the attenuation of flood 

risk in the critical zones of continental Portugal, as part of an integrated watershed 

management forecasting hydrologic climate change effects.
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Thank You!!!


