
This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
agreement No. 642088

Towards a flood regulation indicator 
as a main regulating service 

provided by wetland ecosystems

EcoSummit 2016
Session: Monitoring Biodiversity to Provide Solutio ns: The 
Use of Spatial Information at Different Scales

Montpellier, France, 29 August – 1 September 2016
• Anis Guelmami*, D. Abdul Malak, A. Sanchez, C. Perennou



Introduction
Floods are extremely hazardous in areas where people settled too close
to water bodies or constructed their properties in previous flood plains.
Additional problems arise when people actively modify water bodies,
watersheds or flood plains.

Flood protection is one of the most important 
regulating ecosystem services that may increase or 
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regulating ecosystem services that may increase or 
reduce the negative effects of water-related disasters.

Year 1989 Year 2015

Guadalhorce river mouth, Málaga, Spain



Introduction

• Landscape location (Upstream or Downstream)
• Water supply mechanism

– precipitation-fed, river-fed, groundwater-fed

• Percentage of wetland area respect to the river basins (wetland extent)

• Wetland feeding (rain, groundwater, surface water or mixed).

• Upstream
– Topography of the landscape

o Flowing water from other location / to other location

Major wetland characteristics that affect floods
(Acreman and Holden, 2013)
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o Water storage

o Connection to river network (timely, permanent direct connection, no connection; pay attention to ground- connection)

– Soil characteristic / moisture (antecedent of water saturation on soil=soil water storage)
– Type of wetlands (i.e. wetlands are close to saturation for most of the year, such as blanket bogs rarely act to attenuate flow 

and are much more likely to contribute to storm runoff due to their propensity for rapid saturation)
– Vegetation cover (can affect the velocity of water flowing across wetlands and hence flood generation)
– Precipitation intensity and duration

• Downstream (floodplain)
– Topography of the floodplain

o Area, Location of wetland respect to the chanel (in line, laterally), Conection with river chanel, Average depth

– Vegetation of wetland (Wooded wetlands in particular increase flood storage, reduced flood peaks and increase peak travel 
time = manning rougness)

– Soil characteristic (texture/porosity) / moisture (antecedent of water saturation on soil=soil water storage)
– Lithology bed (sand)
– Presence of banks
– Presence of constructing embankments (increasing the flood risk dowstream due to loss of storage and attenuation)



Conceptual approach of the
SWOS flood regulation indicator

An indicator on flood regulation as an ecosystem service 
should take into account three key variables:

• Ecosystem or land use capacity to provide the service.

• Service demand of the ecosystem or land use.
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• Service demand of the ecosystem or land use.
In the case of flooding, they are mainly those areas where human activities are 
concentrated: agro-ecosystems, urban areas, roads, etc.

• Conditions of the environment affecting the generation 
and distribution of floods and the regulation service.
Precipitation, slopes, land management, soil texture, vegetation density, etc. In summary, 
anything that could contribute to flood generation and affect or change the way an 
ecosystem offers its regulation service.



Conceptual approach of the
SWOS flood regulation indicator

A very simple way to map ecosystem services based on land coverage 
would be assigning scores to each type of Land Use/Land Cover (LULC).
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Ecosystem Service supply and demand for CLC classes 
(Burkhard et al., 2012)



Conceptual approach of the
SWOS flood regulation indicator

In the case of flood regulation, a forest would have a high score while a
sparsely vegetated area would have a very low score.

However, one cannot assume that these scores have a uniform distribution
on the territory as the properties which regulate water can change within
the same type of LULC.

SlopeLULC Vegetation cover
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Low High

Forest Sparsely vegetated area 

Low High



Conceptual approach of the
SWOS flood regulation indicator

The approach considers 
the environmental 

conditions to assess the 
flood risk in the basin.

According to this flood 
data, LULC scores of the 

service supply and 
demand will be modified.
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Conceptual approach of the
SWOS flood regulation indicator

The final output of the SWOS flood regulation indicator would look quite 
similar to the maps generated by Nedkov and Burkhard, 2012.

� Improve the level of detail using high-resolution data and satellite images
� Integration of new classes to the used nomenclature (combine CLC and 
MAES with the Ramsar classification system.
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Example of the Lez river basin (SWOS test site)

The Lez river catchment (in red)
and its main water courses in blue
(the Lez, the Mosson and the canal 
from the Rhône to Sète)

9Background Landsat-8 2014-05-05



LULC map 1986-1987 CLC 111: Continuous urban fabrics

CLC 112: Discontinuous urban fabric

CLC 121: Industrial or commercial units

CLC 122: Road and rail networks and associated land

CLC 123: Port areas

CLC 124: Airports

CLC 131: Mineral extraction sites

CLC 1311: Excavations; gravel/brick/clay pits; borrow pits, mining pools

CLC 133: Construction sites

CLC 141: Green urban areas

CLC 142: Sport and leisure facilities

CLC 211: Non-irrigated arable land 

CLC 221: Vineyards

CLC 222: Fruit trees and berry plantations

CLC 223: Olive groves

CLC 2313: Wet pastures

Example of the Lez river basin (SWOS test site)

Using the SWOS toolbox and 
the CLC/Ramsar hybrid 

nomenclature

10Background Landsat-TM 1986-06-25

CLC 242: Complex cultivation

CLC 311: Broad-leaved forest

CLC 3112: Wet forests including riparian

CLC 312: Coniferous forest

CLC 321: Natural grassland

CLC 323: Sclerophyllous vegetation

CLC 324: Transitional woodland shrub

CLC 331: Beaches, dunes, and sand plains

CLC 333: Sparsely vegetated areas

CLC 411: Inland marshes

CLC 421: Salt marshes

CLC 5112: Permanent rivers/streams/creeks; includes waterfalls

CLC 5114: Canals and drainage channels, ditches

CLC 512: Inland water bodies

CLC 5130: Ponds; includes farm ponds, stock ponds, small tanks; (generally below 8 ha)

CLC 5131: Water storage areas; reservoirs/barrages/dams/impoundments (generally over 8 ha)

CLC 5132: Wastewater treatment areas; sewage farms, settling ponds, oxidation basins, etc

CLC 521: Coastal lagoons

CLC 523: Sea and ocean



Example of the Lez river basin (SWOS test site)

LULC map 2013-2014 CLC 111: Continuous urban fabrics

CLC 112: Discontinuous urban fabric

CLC 121: Industrial or commercial units

CLC 122: Road and rail networks and associated land

CLC 123: Port areas

CLC 124: Airports

CLC 131: Mineral extraction sites

CLC 1311: Excavations; gravel/brick/clay pits; borrow pits, mining pools

CLC 133: Construction sites

CLC 141: Green urban areas

CLC 142: Sport and leisure facilities

CLC 211: Non-irrigated arable land 

CLC 221: Vineyards

CLC 222: Fruit trees and berry plantations

CLC 223: Olive groves

CLC 2313: Wet pastures

Using the SWOS toolbox and 
the CLC/Ramsar hybrid 

nomenclature

11Background Landsat-8 2014-05-05

CLC 242: Complex cultivation

CLC 311: Broad-leaved forest

CLC 3112: Wet forests including riparian

CLC 312: Coniferous forest

CLC 321: Natural grassland

CLC 323: Sclerophyllous vegetation

CLC 324: Transitional woodland shrub

CLC 331: Beaches, dunes, and sand plains

CLC 333: Sparsely vegetated areas

CLC 411: Inland marshes

CLC 421: Salt marshes

CLC 5112: Permanent rivers/streams/creeks; includes waterfalls

CLC 5114: Canals and drainage channels, ditches

CLC 512: Inland water bodies

CLC 5130: Ponds; includes farm ponds, stock ponds, small tanks; (generally below 8 ha)

CLC 5131: Water storage areas; reservoirs/barrages/dams/impoundments (generally over 8 ha)

CLC 5132: Wastewater treatment areas; sewage farms, settling ponds, oxidation basins, etc

CLC 521: Coastal lagoons

CLC 523: Sea and ocean



Example of the Lez river basin (SWOS test site)

Calculation of the ES indicator “Flood regulation” based only on LULC classes scoring
(budget of demand and supply services)

Some « new » habitat classes 
were assessed here like wet
meadows and riparian forests
(not included in the initial table 
provided by Nedkov and 
Burkhard, 2012)

Flood regulation service based on LULC (period 1986-1987) Flood regulation service based on LULC (period 2013-2014)



Example of the Lez river basin (SWOS test site)

Integration of environmental condition parameters (runoff flood-related risks) :
• Slope 
• Distance to main water courses

Slope raster derived from the SRTM 1arc-second Global DEM The main water courses in the catchment area (runoff conditions)



Example of the Lez river basin (SWOS test site)

Integration of environmental condition parameters (runoff flood-related risks) :
• Slope 
• Distance to main water courses

Flood regulation service based on LULC, topography and 
runoff  generation parameters (period 1986-1987)

Flood regulation service based on LULC, topography and 
runoff  generation parameters (period 2013-2014)



A better definition of the ES indicator 
with different values for the same 

LULC class depending on its 
environmental conditions 

Example of the Lez river basin (SWOS test site)

If we compare between the tow approaches for the same time period…

Flood regulation service based on LULC, topography and 
runoff  generation parameters (period 2013-2014)

Flood regulation service based on LULC (period 2013-2014)



Example of the Lez river basin (SWOS test site)

If we compare between the tow time periods…

Urban expansion � a loss in 
the ES value (less flood 

regulation capacity) 

Flood regulation service based on LULC, topography and 
runoff  generation parameters (period 1986-1987)

Flood regulation service based on LULC, topography and 
runoff  generation parameters (period 2013-2014)

A loss of wetland habitats 
� a loss in the ES value 

(less flood regulation 
capacity)



Example of the Lez river basin (SWOS test site)
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Example of the Lez river basin (SWOS test site)
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Cocnclusion

� The appraoch is easy to transfert and implement
� Use of free open data
� Need image processing and basic skills in RS
� Validated results
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� Using this method we can develop and feed some ES 
indicators of the Mediterranean Wetlands Observatory
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