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Abstract 
The AESN French public agency challenged I-Mage Consult to delimit all the Wetlands - including small wet zones 
scattered in the whole landscape - of the Seine-Normandy watershed (100.000 km²). 

Various data sources (satellite and aerial imagery, topographic maps, thematic GIS datasets) where used to elaborate an 
exhaustive and homogenous GIS Database on these valuable natural habitats.  

I-Mage Consult applied an hybrid interpretation methodology, using a wide range of ESRI tools : 
1.      delimitation of Potential Wet Zones combining Topological Indices (derived from a Digital Elevation Model with 
Spatial Analyst), with heterogeneous GIS data (local inventories, water surfaces derived from maps and satellite imagery, 
etc.) ; 
2.      photo-interpretation inside these PWZones using satellite and aerial imagery and also thematic GIS data.  

Field and aerial survey data where collected using ArcPad to validate results. The final database will be used to optimize 
further field cartographic works at local scale.  
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1. Introduction 

1.1 Context and objectives 
The “ Agence de L’Eau Seine-Normandie” (AESN) is a French public 
institution in charge of the management and improvement of the water 
resources in the Seine watershed and the Normandy region. The AESN 
works under the authority of both Ministry of Environment and Ministry of 
economics and Industry.  

The AESN identified the preservation of natural Wet Zones as an essential 
stake for its water quality policy, due to their proven positive influence on 
the superficial and subterranean water resources. However, no homogenous 
cartography nor geographic database existed on the whole Seine-Normandy 
watershed. Even if  the biggest Wet Zones were well known and delimited, 
a large amount of smaller Wet Zones with less patrimonial value were 
widely ignored in preservation policies although they play an important role 
in the ecological health of the watershed.  

This is the reason why the AESN challenged I-Mage Consult to delineate, at 1:50.000 scale all identified Wet Zones with a 
surface higher than 3 Hectares (7.4 acres) located in the 96 000 km² (37 066 miles²) wide study area.  

In order to comply with monitoring and decision-support needs, this cartography had to be homogenous, reliable and 
exhaustive. The time allowed (11 month) was also an important constraint. A specific methodology, implying advanced use 
of GIS techniques was therefore implemented. 

Fig. 1 : a Wet Zone somewhere in Northern
France … 



1.2 The study area 
The study area covered the whole  Agency’s intervention area, which corresponds to the Seine river watershed (with all its 
tributaries : Oise, Marne, Yonne, Eure, etc.) and the Normandy region, characterized by short coastal rivers (Touques, 
Orme, Douves, Selune, etc.). 

The study area is 96.000 km² (37.066 miles²) wide, and covers near to 1/5 of the national territory of France. The relief is 
relatively flat and doesn’t include mountainous  regions ; the average altitude is 160 m (525 ft) above the sea level and 99% 
of the study zone is situated under 500 m (1640 ft). The extreme south-east the most contrasted relief, with straight valleys 
and hills, but can’t be qualified as “ mountainous”.  

The landscape is in majority rural in the west and in the east parts, with exception of the bottom of large valleys. The center
is occupied by the intensive agricultural region of Beauce (south) and the Île-de-France, large urban and industrial region 
which includes Paris, and where near to 1/5 of the French population lives.  

The study zone comprises also 55 000 km (34 175 miles) of rivers and 640 km (398 miles) of coast. A wide variety of wet 
zones are present : 

- wide estuaries, like the Mont Saint-Michel Bay ant the Veys Bay (estuary of the Seine) ; 
- wide inland wet systems like the Marais du Cotentin, the Marais de Saint-Gond, the lakes of Champagne Humide, 

and the large alluvial valleys of  Seine, Oise, and Marne ; 
- a very large amout of small and diffuse wet habitats : pools, lakes, small rivers, wet meadows and forests (in the 

watershed head). 

2. Methodology 

2.1 General approach 
The methodology developed by I-Mage Consult is based on the following postulate :  

Wet Zones represent only a small proportion (5 to 10%) of the study area. They are not randomly spread : their position 
in the landscape is determined by various well-known factors such as topography, soil, climate, hydrology, etc. 

We decided accordingly to optimize efforts performing visual interpretation only  those parts of the territory where the 
likelihood to find Wet Zones is important, and by ignoring a priori  the places where the probability to find Wet Zones is 
very low.  

Fig. 2 : situation and extent of  the Seine-Normandy Watershed 



We proceeded therefore in three steps: 

1° Binary Mask implementation :
A “ Binary Mask” (ESRI grid format)  was created on the whole study area. To Every pixel of this mask was a binary value 
reflecting if it covers a  “ Potential wet zone” (PWZ) or an “ Assumed Not Wet Zone” (ANWZ). The influence of various 
factors (as topography, soil, climate, hydrology, etc)  have been modeled and combined to obtain this Mask. 

2° Computer Aided Photo-Interpretation (CAPI) :   
Photo-interpreters reviewed all PWZ, in order to delimit with a maximum of accuracy the Wet Zones, an to determine the 
type and sub-type of wet zone. They worked in a GIS environment on 5 meters resolution Ortho-images, with the 
possibility to consult additional raster (Landsat satellite imagery) and vector (natural protected areas limits, hydrologic 
network, free water surfaces, etc.) datasets. 

3° Validation 
In order to validate the results of this methodology, important field woks have been performed, implying collection of large 
amounts of field information.  ESRI mobile GIS solutions where used, on the field to describe soil condition and vegetation 
present on the sample points. Aerial validation flights with a microweight aircraft where also performed to cover wide 
zones, but with less accurate validation data. 

Fig. 3 : methodological scheme of  the study



2.2 Delimitation of Potential Wet Zones Using advanced GIS techniques 

1° Principle 
Wet zones are not randomly spread in the landscape : various factors are combined, which cause the occurrence of 
temporary or permanent inundation, which are characteristic of these zones1.

In addition, some wet zones of great importance are already known and their limit has been included in existing datasets. 

The principle of the masking task is to combine data reflecting influencing factors and existing wet zones limits to provide, 
for every point of the study zone the binary information “ Potential wet zone” (PWZ) OR “ Assumed Not Wet Zone” 
(ANWZ). 

The final mask is made by combining grid corresponding to single factors  (following the addition rule to avoid incorrect 
ANWZ classification, which endangers the exhaustiveness of the final product).  

2° Datasets used in the model 
- Hydrographic datasets

The input data came from the Carthage © vector database, distributed by the IGN France. 

A vector layer representing the hydrographic network has been used to  define PWZ. A buffer has been drawn around every 
feature of this layer. Its width was proportional to the importance of the section of waterway. Buffers where also defined 
around water surfaces (lakes,  marsh, etc.) contained in the vector database. 

The use of these datasets allowed to classify as PWZ all Wet zones linked to the hydrographic network (including small 
intermittent streams) and to water surfaces (with a permanent area of minimum 1 hectare). 

- Protected Areas and CORINE Landcover
A vector layer representing the Protected Areas (with official status) which shelters specifically wet habitats with high 
patrimonial value was also used. This layer also includes the wet zones contained in the CORINE LandCover2 layer. This 
input data came from the results of a study financed by the AESN in 2002. 

Thanks to this dataset, all great and well known Wet Zones have been classified as PWZ. 

- Existing inventories 
The AESN financed various local (for example on the Normandy coastal zone) or thematic (for example all the riparian 
forests)  inventories, which can contribute to the exhaustiveness of the mask. Resulting datasets from  these studies where 
used to define PWZ.  

                                                
1 The definition adopted for this study is : “ A Wet Zone is a place subject to permanent or temporary inundation, OR 
sodden soil, AND (if present) hygrophile vegetation”. 
2 CORINE Land Cover is a biophysical inventory of land cover which provides reference information for soil occupation in 
29 European states and for coastal zones of Morocco and Tunisia. The CORINE Land Cover is realized using satellite 
images interpretation ; the smallest cartography area is 15 hectares. 

+ =
Fig. 4 : illustration of  the additivity principle on the Binary Mask (the Assumed Not Wet Zones are in brown, the Potential
Wet Zones are uncovered)



Thanks to these datasets, smaller or specific Wet Zones have been classified as PWZ. Although they are local and/or 
partial, the homogeneity of the final product is guaranteed, as they are used as complementary information, in combination 
with many other datasets. 

- Compound Topographic Index
The use of Compound Topographic Index (CTI) is one of the main features of  the Binary Mask. The CTI value is 
calculated for each pixel of a grid from elevation data (i.e. Digital Elevation Model in ESRI Grid format).  The value of the 
CTI in a given place of the territory represents the trend to accumulation of water in this place, given the local slope and the
position in the landscape. 

The CTI used in  this study was calculated as it follows : 
CTI = ln (a/TAN )

where a is the « contributive area » (in pixel number) which is the surface where each falling drop of water will tend to 
stream to the pixel in question ; 

is the average local slope of the pixel (in degrees). 

The places where the CTI is high are considered as Potential Wet Zones, as topographic factors will contribute to the 
accumulation of water at this point. 

- Soil data
Unfortunately, there was no homogenous soil data covering the whole study area in vector format. The soil factor could 
then not have been taken in account in the binary mask. However, visual interpretation of geological maps allowed to take 
in account this factor in the final cartography.  

3° Result : the  Binary Mask 
All individual Masking Grids where combined using the ArcGIS Spatial Analyst extension functions.  

The resulting Grid is a Binary Mask, dividing the study area in two types of pixels : 

- the Potential Wet Zones (PWZ), which will be photo-interpreted; 
- the Assumed Not Wet Zones (ANWZ), which will not be interpreted. 

21,4% of the study zone (20 544 km² of  96 000 km²) where identified as PWZ. 
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Fig. 5 : illustration of  the Compound Topological Index value at the watershed scale. Some very large wet zones systems
clearly appears with high contrast (in darker red)



2.3 Photo-interpretation in GIS environment 

1° Steps 
Two photo-interpreters worked during 10 month to cover the whole study zone. Small working units, where delineated, 
using limits of elementary watersheds (smaller hydrographic division of a given river watershed). These elementary 
hydrographic units where called Hydro Zone. The photo-interpreters worked “ Hydro Zone by Hydro Zone”, completing 
the work to perform in the current Hydro Zone before beginning the next one. 

One each Hydro Zone, the photo-interpretation process was divided in three steps : 
- Delineation of a “ Wet Envelope”, inside whose the land use was interpreted ;  this step consisted in the human 

interpretation of the Binary Mask, and the digitalization of a vector limit for the Envelope containing the Wet 
Zones of the current Hydro Zone ; a series of GIS data (topographic and geologic maps, satellite imagery, etc.) 
was used to interpret the Mask. 

      

Fig. 6  : Illsutration of  the Binary Mask on various zones (the Assumed Not Wet Zones are in brown, the Potential Wet Zones
are uncovered) from lef t to right : f lat to uneven ground.

Fig. 6 : illustration of the wet envelope on 
various backgrounds (up : wider scale, down 
more accurate scale)



- Photo Interpretation inside the Wet Envelope, this step consisted in the division of the Wet Envelope polygon in 
several polygons representing a single wet zone of a given type. 

- Attributes encoding for Wet Zones, this step consisted in encoding the attribute of each digitized polygon ; a 
multi-level Typology has been defined in straight collaboration with the AESN (see below).  

Fig. 7 : illustration of the wet envelope divided in simple wet zones
(masked zones represented in dark grey) 

Fig. 8 : Wet Zones shapefile and its attribute table displayed in the ArcMap interface. 



2° Working environment 
A specific working environment has been set up in order to simplify the most common tasks of photo-interpreters. ArcGIS 
was customized using VBA / ArcObjects. The resulting interface contained user-friendly tools specifically developed to 
accelerate the work process by automating most common tasks (data loading, forms to encode attributes, back-up, etc.). 

Layers are included in «  Groups » 
(Topographic Maps, Geologic Maps,  Ortho-
Images, etc.)  allowing to switch easily from a
background information to another, without 
having determine which map sheets have to be
displayed. 

The Custom Toolbar allows 
to execute automated tasks 
for each working step.

After clicking  on this button, 
the user is invited to select 
the Hydro Zone on which he
will work. 

Once the choice of Hydro Zone validated following
automated tasks are performed : 

- loading of all maps, aerial photography and
satellite imagery corresponding to the Hydro
Zone in the mxd  ; 

- display of all natural regions on which the Hydro
Zone takes place (to facilitate documentation
research for the zone) ; 

- save of the mxd on an appropriate place and name. 

Following automated tasks 
runs then : 
- Back up of the envelope

shapefile (polylines) ; 
- Import of the polylines 

intersecting the Hydro 
Zone from linear
hydrology shapefile in 
the working shapefile, to 
ease the digitalization of
individual Wet Zones 
limits  ; 

- Zoom at 1 :15.000. 

This button is clicked while the Wet Envelope
has been digitalized for this  Hydro Zone.

This button is clicked while the limits of
individual wet zones are digitalized. The working
polyline shapefile is then converted to polygon
shapefile. User has now a polygon shapefile
representing the Wet Zones in this Hydro Zone.
He’s ready to encode their attributes. 

Fixed zoom 
at 1 :15000 
and 1 :50000. 

Attribute tool : the user
clicks on a polygon, and a
form opens to encode
attributes for this polygon 

Fig. 9 : Description of the custom photo-interpretation environment in ArcMap (using VBA / ArcObjects).



3° Typology of Wet Zones 

Each Wet Zone has been classified following a two level typology. The Type level is mandatory, and includes 8 classes. 
The Sub-Type   information is optional and includes 16 classes. 

The Wet Zones Typology has been set up in close collaboration with the AESN and is compatible with standard wet habitat  
classifications (EUNIS and CORINE Habitats). 

1. Surface Water (stagnant or flowing) 

1.1 Flowing waters 

1.2 Hydraulic annexes (disconnected meanders, etc.) 

1.3 Stretches of water 

2. Wet and swampy Forests - (tree cover > 50%) 

2.1 Natural or less intensively exploited forest 

2.2 Artificial forests (popular or coniferous alignments) 

3. Wet meadows (pastured ou mown) 

4. Peat bogs, wet heats, reed beds and megaphorbia meadows  

4.1 Peat bogs and swamps 

4.2 Wet heats 

4.3 Reed beds 
4.4 Megaphorbia meadows (zones with high and hygrophile herbaceous vegetation)  

4.5 Sub-type undefined 

5. Littoral wet zones 

5.1 Moist and wet dune slacks 

5.2 Sand beach drift lines  (Slikke)  

5.3 Sand beaches over the drift line (Schorre) 

5.4 Sub-type undefined 

6. Arable land  

7. Urban zones and other artificial land 

7.1 Constructed zones 

7.2 Other : isolated artificial zones (parking, mineral stocks, dump, etc.) 

8. Mosaic of entities of less than 1 ha  



4° Validation by field and aerial survey 
The quality of the interpretation has been checked in the field. Validation works concerned the wet- or not wet- 
characteristic, and the Type attributed to the Wet Zones (see Typology). 

The sample points haven’t been chosen randomly, but where placed with the aim to meet a maximum of  Wet Zone Types 
and situations, taking in account accessibility and geographic repartition of sampling sites. 

A set of data was collected for each sampling point: soil characterization (with a portable drill), vegetation identification, 
etc. All this georeferenced information was collected with a Pocket PC equipped with ArcPAD. Points where also collected 
outside the delimited Wet Zones, in order to verify the product exhaustiveness. In total, 427 validation points have been 
surveyed. It allowed to estimate that 95% of the wet zones where correctly classified. 

In addition, validation flights where performed with a microlight aircraft. This allowed to cover wide zones, and to ensure 
that no major wet zone have been ignored.  

Fig. 10 : Some photos that illustrate validation works.

Fig. 11 : Two wet zones seen from the sky and from the ground



3. Results and Conclusions 

3.1 Results of the study 
The final GIS layer contains near to 37 000 polygons representing individual Wet Zones. The sum of the surface of these 
Wet Zones approximates 6 000 km² and covers 6% of the study area. 

The majority of the identified  Wet Zones are meadows and forests (respectively 47% and 28 % of the Wet Zones).  3 % 
has been urbanized and 5 % is used arable land. That means that 4 534 km² are still natural habitats that shelters a wide 
variety of rare fauna and flora species.  

Among these habitats, wide and well known Wet Zones can be found, but also a huge number a small zones, so often 
ignored in Environmental Conservation Policies, but so important for the Bio-diversity . 

Fig. 12 : Seine- Normandie Wet Zones cartography archieved in the frame of this study 



3.2 Conclusions 
The use of most advanced GIS techniques and Spatial Analysis tools allowed to perform a cartography with a great level of 
accuracy and confidence in a short delay. In fact there is quick need at the Agence de L’Eau Seine Normandie to give an 
efficient protection to all “ ordinary” Wet Zones that makes the biological richness of its watershed. 

The realization of a Binary Mask, which allowed  to focus  efforts on the places where the probability to find Wet Zones, is 
a great example of how Spatial Analysis methods can help for Wetlands Delination. 

The transformation of the GIS platform ArcMap in a totally integrated Computer Aided Photo-Interpratation environment,  
using VBA and ArcObject, proves how powerful, customizable and user-friendly this tool can be. It doesn’t only allowed 
us to work better, or faster ; it allowed us to implement different processing procedures that replaced be very time 
consuming procedures, and reduced risks of human errors and data losses. 

The use of mobile GIS solutions as ArcPAD to optimise field data collection and their desktop GIS integration was also an 
illustration on how can GIS technologies help  to better know our environment. 

This Wet Zones delineation at 1:50.000 scale is the first step of an important process for the Agence de L’Eau Seine 
Normandie : very accurate local inventories will now be performed with the help of this cartography.  

A better knowledge of the natural richness of this populated region of Northern Europe will allow decision-makers to better 
take in account the Bio-diversity factor in the future.  I-Mage Consult is proud to have contributed, with its GIS expertise, 
to enhance Environmental Conservation capacities of the AESN.  

“ Better comprehension makes better decision” ; this study illustrated how GIS can be an essential part of such positive 
process.  
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