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Geographic location of the Camargue

Camargue = Rhône delta in southern France
PA = MAB Unesco Reserve (193 000 ha)

Credit: PNRC
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Camargue Man & Biosphere reserve

A delta with various natural & human-made wetland ecosystems
having different seasonal water requirements and salt tolerance
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Ricefields irrigated in April-August

Halophilous scrubs flooded with rainfall Temporary & brackish marsh

Permanently flooded hunting marshes

Credit: Litto3D IGN/SHOM
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Project general objective

Aim : to make the best use of remote-sensing & modelling tools to document 
the evolution in the state of wetlands and the services they can/will deliver 
within a context of global changes, integrating feedback processes occurring at 
local scale and future climate projections
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Monthly maps of water presence: to document gain/loss in Mediterranean
biodiversity, habitat shift, evolution in management practices… 

Remote Sensing of Environment (2013) 138:165-171
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Challenge : 

to detect water below
emergent vegetation cover

Development of EO  monitoring tools
with Sentinel data:  hydrology
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Towards the monitoring of water in wetlands, 
including under vegetation, over a 40-yr period

Curonian Lagoon workshop, 24-26 August 2016
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Ecopotential-SWOS workshop, 16-18 January, Arles
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Curonian Lagoon workshop, 24-26 August 2016
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Ecopotential-SWOS workshop, 16-18 January, Arles
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Curonian Lagoon workshop, 24-26 August 2016
These projects have received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762 & 642088

Ecopotential-SWOS workshop, 16-18 January, Arles
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Ecopotential-SWOS workshop, 16-18 January, Arles
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Curonian Lagoon workshop, 24-26 August 2016
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Ecopotential-SWOS workshop, 16-18 January, Arles
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Curonian Lagoon workshop, 24-26 August 2016
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Water presence formula (RSE, 2013)

• From the original SPOT5 formula developed in 2004-2006, 4 inundation maps were created in 2015.  
850 randomly selected points per date  were used as input data for corresponding date on Landsat8 
scene in addition to 814 field plots to create a new formula with Landsat8

• From the new Landsat8 formula, 5 inundation maps were create in 2016. 850 randomly selected 
points per date were used as input data for corresponding date on Sentinel2 scene in addition of 908 
new 2016-2017 field plots data to create a new formula for future follow-up 

• From the new Landsat8 formula, 6 inundation maps were created in 2014. 850 randomly selected 
points per date were used as input data for corresponding date on Landsat7 to create a new formula 
with Landsat7 and Landsat5 for retrospective analysis. 

https://en.wikipedia.org/wiki/File:Spot-5.jpg
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj429WWm7_bAhWBvBQKHV4SA0wQjRx6BAgBEAU&url=https://landsat.usgs.gov/landsat-8&psig=AOvVaw12KKwxBFGud6pD4fpnM_Jw&ust=1528380491517277
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiM--y5m7_bAhWBvRQKHViJAE0QjRx6BAgBEAU&url=https://science.nasa.gov/toolkits/spacecraft-icons&psig=AOvVaw1ifQbMfe7iSJVnyIUpCwwx&ust=1528380566107558
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjJt5n9m7_bAhVLvBQKHa-9D_wQjRx6BAgBEAU&url=https://en.wikipedia.org/wiki/Sentinel-2&psig=AOvVaw2_zFYebhYnE_1ZkSVp9JK0&ust=1528380709305110
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including under vegetation, over a 40-yr period

Curonian Lagoon workshop, 24-26 August 2016
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Ecopotential-SWOS workshop, 16-18 January, Arles
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Curonian Lagoon workshop, 24-26 August 2016
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Ecopotential-SWOS workshop, 16-18 January, Arles
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Curonian Lagoon workshop, 24-26 August 2016
These projects have received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762 & 642088

Ecopotential-SWOS workshop, 16-18 January, Arles
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Ecopotential-SWOS workshop, 16-18 January, Arles
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Curonian Lagoon workshop, 24-26 August 2016
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Ecopotential-SWOS workshop, 16-18 January, Arles
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Curonian Lagoon workshop, 24-26 August 2016
This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 641762

Landsat8 => Landsat5 &7

N=3646

Absence

N=1208

Presence

N=770

Presence
N=438

Absence

N=2438

Absence

B7

<= 0.04329 > 0.04329

B4

<= 0.08780 > 0.08780

Accuracy= 91%

Spot5 => Landsat8

N=2681

Absence

N=1208

Presence

N=541

Presence
N=70

Absence

N=2070

Absence

B5

<= 0.1735 > 0.1735

B7

<= 0.1035 > 0.1035

Accuracy= 90%

Landsat8 => Sentinel2

N=2826

Absence

N=1208

Presence

N=535

Presence
N=123

Absence

N=2170Absence

B8a

<= 0.1804 > 0.1804

B12

<= 0.1131 > 0.1131

Accuracy= 93%

Bands used for each new formula

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi-3_fUm7_bAhXEwBQKHbB4AMkQjRx6BAgBEAU&url=https://www.cnpm.embrapa.br/projetos/sat/conteudo/missao_landsat.html&psig=AOvVaw3wldM1b5m4C0dQdQisCSEE&ust=1528380616590029


New water presence index for wetlands
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New water index with
Sentinel 2, 39 images
12 June 2017 - 25 Mai 2018



Standard vs new water presence index
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Reed marsh

Ricefield

Reed marsh

Ricefield

The new water index detects water under reed and rice cover

Current water index New water index



Annual spatial assessment of crops cultivated (based on their phenology & radiometric
response) is requested by Camargue manager:

(1) to improve collective management of agricultural land; 
(2) to qualify pesticide/fertiliser inputs; 
(3) to estimate water allocation to croplands vs wetlands; 
(4) to improve governance of agro-environmental schemes & CAP 

Interactions between wetlands and agrosystems
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Development of EO  monitoring tools
with Sentinel data: crop annual turnover
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Mapping of reed harvested areas: to document the maintenance of this traditional
use and its potential impacts on reed birds (currently done through airplane surveys)

Interactions between biodiversity & 
human uses : reed harvesting
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Development of EO  monitoring tools
with Sentinel data: harvested reed
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• Input data:  randomly generated data (n=2994) from 3 years of aerial surveys 
• Satellites: Sentinel1 (radar) & Sentinel2 (optic)
• Diachronic  approach: one scene after the growth period of reed (September) and one scene after 

cutting but before the next growth season (March)
• Data mining : use of all bands & 22 radiometric indices (ie: NDVI) and their temporal differences 
• Statistical approach: Classification tree with and without boosting algorithm on 2 or 3  reed classes 

(cut, uncut and one-year after cut)
• Could spatio-temporal variations in NDVI be useful to identify harvested areas?

Harvested reedbed (red) with aerial survey Harvested reed (red) with Sentinel data

73% accuracy 



Beyond the Camargue = Mediterranean area
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Habitat Regulation Resources

Agriculture Tourism Recreation

The mediterranean basin is a hotspot of climate changes, putting at risk the 
biodiversity and the various services provided by wetlands …

Will semi-permanent marsh with emergent vegetation resist to climate change? 

Photo credits:  Tour du Valat



Aim: to predict the vulnerability of semi-permanent Mediterranean wetlands to climate 
change based on projections for 2050 & 2100 with RCP4.5 & RCP8.5 scenarios using
http://www.Mar-O-Sel.net
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Future climate projections & 
hydrological modelling
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Water 
stressHabitat 

change

Water 
volumes

Future climate projections integrated
to Mar-O-Sel software to run
simulations on wetland hydrology
throughout the Mediterranean area

http://www.mar-o-sel.net/
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Amount of water needed to preserve functions and values 
of seasonally-flooded wetlands

State of emergent marsh
Corresponding 

water loss 
(m3/ha/yr)

Slightly degraded 1055

Highly degraded 1722

Shift to open marsh 2263

Shift to temporary ponds 2857

Shift to drylands 3537

Mitigation measures
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Thank you for your attention!

Brigitte Poulin (poulin@tourduvalat.org)
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