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From satellite imagery to hydrogeological survey maps of Chad
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The RésEAU Chad project implemented by UNITAR on behalf of the Ministry of Rural and Urban Hydraulics aims to make 
available exhaustive, pertinent information about the nature, extent, and potential of the aquifers to all actors in the 
water resources management sector. To meet this objective, existing data must be consolidated concerning the geology, 
hydrology and soils in Chad, areas where information is lacking need to be identified and the gap need to be filled by 
generating additional data. Given Chad´s surface area and the difficulties to access remote regions, it is highly improbab-
le that full coverage can be achieved through field surveys. Given the context, optical and radar satellite sensors provide 
cost-effective data to support a geological, structural and hydrogeological interpretation of the territory.

A methodology has been developed to produce hydrogeological maps using satellite imagery and a limited amount of field 
data (Fig. 1). It can be applied to the areas of Chad with sparse vegetation cover, namely the North and the East.

• Step I - Geological regions are delimited by photointerpretation then subdivided into rock types based on various 
petrographic and contextual criteria.

• Step II - a hydrogeologist converts the rock types into hydrogeological units based on their nature and local know-
ledge, and then ranks them according to their potential productivity in aquifers, aquicludes or aquitards. 

• Step III - The various units are represented on a base map with the water points to produce a hydrogeological map.
 

At map scales of 1:200,000 and 1:500,000, the most appropriate satellite images are LANDSAT-7 and ASTER scenes because 
of the variety of their spectral ranges. After calibrating the images, derivative products are calculated using band ratios 
(color compositions by Sultan et al., 1987, and Ninomiya et al., 2005) or as principal components (PCA). These products 
help convey the maximum amount of information about the geology and soils, more specifically on rock varnishes and 
surficial alterations. Photointerpretation of these color images was used to delimit alluvial deposits and to map bedrock/
sandstone and bedrock/volcanic rock contacts. These correspond to the geological regions that make up the territory. A 
narrow subdivision of these regions is then completed, based on different criteria, such as morphology (slope, plateau, 
rupture), stratigraphic and cutting relationships, adjacent (neighbouring lithologies) and contextual (soils, vegetation co-
ver) determinants and textures such as foliations and circular structures. Field samples, exogenous data (old maps) and 
background images from Bing and Google Earth are used to plug some holes in the interpretation process. Radar imagery 
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will also be used to help detect wet zones and faults. For topology reasons and to facilitate corrections and future updates, 
the decision was made to work with polylines in the GIS. To this end, ToolMap software (Schreiber et al., 2009) was used 
to model, vectorise and export geological information in the form of polygons. 
The hydrogeological units are an interpretation of the lithologies based on their water potential, defined by:

• their nature (detrital, carbonate, volcanic, metamorphic, intrusive, regolith)
• their porosity (loose rock, consolidated),
• their grain size, and
• their permeability or capacity to let water circulate.

The rock´s condition is also taken into account (altered, fissured, fractured or karstic), as is the layer’s geometry, the hy-
draulic parameters and productivity, the piezometric levels of the wells/boreholes and their frequency within the unit. 
Using his synthetic skills and his experience, the hydrogeologist is able to attribute variable aquifer potentials to the units.

The survey maps obtained highlight groundwater followed by surface water and finally geology, using a standard base 
map. They offer a novel synthesis on a relatively large scale of the hydrogeology of the regions under investigation, the 
details of which were unknown until now. Despite their partly speculative content, they nevertheless allow for both a 
relatively precise measurement of the nature, extent and importance of water resources in these regions and for planning 
their use.

Figure 1. Methodological f lowchart for developing hydrogeological units and survey map.
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