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a b s t r a c t 

A dataset of three digital terrain model (DTM) derivatives 

was produced at 5 m spatial resolution across mainland 

France. This dataset includes (i) a topographic wetness index 

(TWI) that characterizes potential soil wetness as a function 

of the contributing area and local slope, (ii) a multi-scale to- 

pographic position color composite (MTPCC) that describes 

the position of a pixel relative to its neighborhood at three 

spatial scales, and (iii) a vertical distance to channel network 

index (VDCNI) that expresses the vertical height between the 

elevation of a pixel and the nearest channel. These three 

raster layers were derived from the French national airborne 

DTM at 5 m spatial resolution and the vector layer of the 

channel network of the national hydrological database. This 

unprecedented fine-scale dataset opens new insights for ge- 

omorphological analysis. It can be used for several purposes, 

such as environmental modeling, risk assessment, or water- 

resource management. 
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pecifications Table 

Subject Water Science and Technology 

Specific subject area High-resolution DTM-based derivatives for hydrogeomorphological analysis across France 

Type of data Image 

How the data were 

acquired 

The dataset was derived from the national airborne DTM (RGE ALTI® DTM, version 2.0) at 

5 m spatial resolution and the vector layer at 1:5,0 0 0 scale of the channel network of the 

national hydrological database (BD TOPAGE®, version 1). Geospatial analyses were 

performed using R software [1] and its terra [2] , Rsagacmd [3] , and whitebox [4] packages. 

Data format Analyzed (GIS raster layers in GeoTIFF format) 

Description of data 

collection 

The 5 m dataset includes: 

- a topographic wetness index (TWI), calculated using the FD8 algorithm with a 7 × 7 

median filter; 

- a multi-scale topographic position color composite (MTPCC), calculated using the 

maximum deviation from mean elevation at micro- (5-300 m), meso-(300-1,000 m), and 

macro- (1,0 0 0-5,0 0 0 m) scales; 

- a vertical distance to channel network index (VDCNI), generated by subtracting the 

channel network base level from the DTM. 

Chunk-based processing was used to address computing resources, and a buffer was used 

to prevent edge effects. 

Data source location - Country: 

Whole mainland France, including a 500 m buffer zone beyond the national borders, and 

the foreshore up to the edges of topographic acquisitions. 

- Latitude and longitude: 

Upper left corner: 51 °05’20’’N and 5 °09’00’’W 

Lower right corner: 41 °20’02’’N and 9 °15’43’’E. 

Data accessibility TWI is publicly provided per 50 × 50 km raster tile as follows: 

Repository name: Zenodo 

Data identification number: 10.5281/zenodo.7797365 

Direct URL to data: https://doi.org/10.5281/zenodo.7797365 

MTPCC is publicly provided per 50 × 50 km raster tile as follows: 

Repository name: Zenodo 

Data identification number: 10.5281/zenodo.7798631 

Direct URL to data: https://doi.org/10.5281/zenodo.7798631 

VDCNI is publicly provided per 50 × 50 km raster tile as follows: 

Repository name: Zenodo 

Data identification number: 10.5281/zenodo.7795503 

Direct URL to data: https://doi.org/10.5281/zenodo.7795503 

The DTM primary data (RGE ALTI®, version 2.0) are released in raster format by French 

department as follows: 

Repository name: Geoservices (IGN) 

Data identification number: IGNF_RGEALTIr_2-0 

Direct URL to data: https://geoservices.ign.fr/rgealti 

The channel network primary data (BD TOPAGE®, version 1) are released as one vector file 

for mainland France as follows: 

Repository name: SANDRE 

Data identification number: http://www.sandre.eaufrance.fr/?urn=urn:sandre:donnees: 

CoursEau:FXX:::ressource:2019:topage:1:html 

Direct URL to data: https://www.sandre.eaufrance.fr/atlas/srv/fre/catalog.search#/metadata/ 

3b3d3c56- d9b6- 4625- a57e- ba054e798274 

Related research 

article 

S. Rapinel, L. Panhelleux, G. Gayet, R. Vanacker, B. Lemercier, B. Laroche, F. Chambaud, A. 

Guelmami, L. Hubert-Moy, National wetland mapping using remote-sensing-derived 

environmental variables, archive field data, and artificial intelligence, Heliyon. 9 (2023) 

e13482. https://doi.org/10.1016/j.heliyon.2023.e13482 

alue of the Data 

• These three DTM derivatives have a very high spatial resolution (5 m) across France. 

• These raster layers are ready to use in GIS and avoid time-consuming processing. 

• The dataset could be useful for scientists in many fields of research (e.g. environmen-

tal sciences, hydrology, geomorphology, pedology, archeology, risk assessment), as well as

for stakeholders and engineering agencies working on land-use planning, conservation, or

water-resource management. 

https://doi.org/10.5281/zenodo.7797365
https://doi.org/10.5281/zenodo.7797365
https://doi.org/10.5281/zenodo.7798631
https://doi.org/10.5281/zenodo.7798631
https://doi.org/10.5281/zenodo.7795503
https://doi.org/10.5281/zenodo.7795503
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https://www.sandre.eaufrance.fr/?urn=urn:sandre:donnees:CoursEau:FXX:::ressource:2019:topage:1:html
https://www.sandre.eaufrance.fr/atlas/srv/fre/catalog.search#/metadata/3b3d3c56-d9b6-4625-a57e-ba054e798274
https://doi.org/10.1016/j.heliyon.2023.e13482
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• The three layers can be used as predictive variables in spatial modeling and as a visual

aid for field collection. 

1. Objective 

The three topographic layers were initially produced to model the spatial distribution of wet-

lands at 5 m resolution across mainland France, which is unprecedented at the national scale,

for which coarser-resolution (30-50 m) variables are usually used [5] . TWI, MTPCC, and VDCNI

were selected since they are relevant for characterizing slope, riverine, depressional, coastal, and

lacustrine-fringe wetlands [6–8] . The objective of this data paper is to describe the method used

to produce these layers, which are publicly available for other users and uses. 

2. Data Description 

The dataset consists of three DTM derivatives, produced at 5 m spatial resolution in GIS raster

format across mainland France (upper left corner: 51 °05’20’’N and 5 °09’00’’W // lower right cor-

ner: 41 °20’02’’N and 9 °15’43’’E), which are illustrated in Fig. 1 and described in Table 1. They

were derived from the national airborne DTM at 5 m spatial resolution (RGE ALTI®, version 2.0)

and the vector layer of the channel network of the national hydrological database at 1:5,0 0 0

scale (BD TOPAGE®, version 1). The first DTM derivative is the topographic wetness index (TWI),

which characterizes potential soil wetness as a function of the contributing area and local slope

[9] . The index ranges from 0-30, with a larger value indicating a higher probability of wet soil. 

The second DTM derivative is the multi-scale topographic position color composite (MTPCC),

which uses 3 bands to describe the position of a pixel relative to its neighborhood at micro-

(5-300 m, band 3), meso- (300-1,000 m, band 2), and macro- ( > 1,0 0 0 m, band 1) scales. As a

result, default viewing parameters for bands 1-3 in the widely used freeware QGIS (red, green,
Fig. 1. The dataset that includes the three digital terrain model derivatives produced at 5 m spatial resolution. This 

subset focuses on wet grasslands and crops along the Gironde Estuary (45.47 °N, 1.03 °W). 
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Table 1 

Description of the three 5 m digital terrain model derivatives included in the dataset. The ranges of values are the 

1st–99th percentiles. 

Layer name Acronym Data format Unit Range of values Band name 

Topographic 

wetness index 

TWI 32-bit float Unitless 4.1–16.5 Band 1: TWI 

Multi-scale 

topographic 

position color 

composite 

MTPCC 8-bit integer Unitless 0–221 Band 1: 

Macro-scale 

0–199 Band 2: Meso-scale 

0–189 Band 3: Micro-scale 

Vertical distance 

to channel net 

work index 

VDCNI 32-bit float Meter -0.1–450.5 Band 1: VDCNI 
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nd blue, respectively) [10] generate a 3-color composite ( Fig. 1 ). The largest values for a given

cale indicate the highest topographic positions. 

The third DTM derivative is the vertical distance to channel network index (VDCNI), which

xpresses the vertical height (in m) between the elevation of a pixel and that of the nearest

hannel. The elevation of the channel represents that of the water’s surface on the date of air-

orne acquisition. The largest values indicate the largest difference in elevation from the chan-

el. Negative and positive values indicate that a pixel is located below or above the nearest

hannel, respectively. 

The three DTM derivatives are publicity released in 280 tiles of 50 × 50 km in GeoTIFF raster

ormat and projected in the French Lambert-93 system (EPSG code 2154), which is the original

oordinate system of the DTM data. 

Each of the three DTM derivatives is available in a specific Zenodo repository that includes: 

• 280 GeoTIFF raster files ( < XXX_0 0 0 > .tif), with each file corresponding to a 50 × 50 km

tile. The letters “XXX” correspond to the acronym of the DTM derivative, and the number

indicates the tile of interest 

• 1 vector tile index in Google Earth format (tile_index.kmz) showing the location of each

tile. This file was created to facilitate downloading a layer only for an area of interest. All

three DTM derivatives have the same tiling. 

To decrease storage space and download time, each raster file was packed in 7-Zip freeware

ormat (.7z or .tar.gz) [11] . 

. Experimental Design, Materials and Methods 

The materials and methods are summarized in Fig. 2 . All geospatial analyses were performed

sing R software [1] and its terra [2] , Rsagacmd [3] , and whitebox [4] packages. 

The 5 m French airborne DTM raster (RGE ALTI®, IGN) and channel network vector (BD

OPAGE®, SANDRE) used as primary data were downloaded in 2020. The vertical accuracy of

he DTM ranges from 30-70 cm [12] , depending on the type of land use and the acquisition

echnology. For water bodies, the DTM considers the elevation of the water’s surface on the

ate of airborne acquisition. This DTM has a buffer zone of 500 m beyond the national borders

nd partially covers the foreshore up to the edges of topographic acquisitions. The DTM raw

ata were converted from ASCII to GeoTiff format and merged into a virtual raster image across

rance. In the areas not covered by this 5 m airborne DTM product (9% of mainland France),

he 25 m contour DTM product was resampled at 5 m resolution using cubic interpolation. The

hannel network vector layer (BD TOPAGE®, SANDRE) was produced at 1:5,0 0 0 scale by visual

nterpretation of aerial photographs and verified using field surveys. It includes most of rivers,

arge ditches, and canals. It was released in 2019 in ESRI vector shapefile format (.shp). Most

f artificial canals were removed from the vector layer because they do not follow natural flow
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Fig. 2. Flowchart of the method used to produce the three digital terrain model (DTM) derivatives at 5 m resolution 

across mainland France: (top) the pattern of chunks (black lines) and their buffer zones (gray dotted lines), which were 

iteratively geoprocessed (bottom) to derive the topographic wetness index (TWI), the multi-scale topographic position 

color composite (MTPCC), and the vertical distance to channel network index (VDCNI). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

paths and are usually parallel to rivers. The channel network was then rasterized in GeoTIFF

format at 5 m spatial resolution according to the DTM grid. 

Given the huge size of the DTM raster grid over France (228,640 × 212,167 pixels), it was

iteratively geoprocessed in individual chunks. Each chunk was buffered to consider the elevation

pattern beyond its actual area. At the end of geoprocessing, all chunks were merged to produce

a seamless raster. This approach managed computing resources, parallelized the geoprocessing,

and prevented edge effects. 

TWI was derived from a smoothed DTM to eliminate non-natural linear patterns that could

influence water flow, such as transport networks or ditches. For this, a 7 × 7 median filter was

applied to the original DTM using the focal function of the terra package [2] . TWI was then

calculated using the SAGA GIS Topographic Wetness Index (One Step) tool chain [ 13,14 ] called in

R software using the Rsagacmd package [3] . Specifically, it calculated TWI using the standard

Beven and Kirkby equation [9] in a single command line that specified the DTM and selected

flow-accumulation algorithm. The Freeman FD8 multiple-flow accumulation algorithm [ 15 ] was

selected since it is the most appropriate for predicting soil moisture in natural environments

[ 16 ]. All other parameters were set to default values [ 16 ]. TWI was calculated per 30 × 30 km
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Fig. 3. Scale signature of deviation from mean elevation (DEV) for uplands and depressional wetlands at three spatial 

scales (i.e. micro-, meso-, and macro-; dashed horizontal lines) used to calculate DEVmax rasters. DEV ranges from −2 

to 2, with negative and positive values indicating positions lower or higher than the nearest channel, respectively. 
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hunk with a 5 km buffer. The value of overlapping pixels equaled the maximum of the two

ixels. 

MTPCC was based on integral image transformation [4] . The first step entailed calculating

he maximum deviation from mean elevation at micro- (5-300 m, with a 50 m step-size), meso-

30 0-1,0 0 0 m, with a 50 m step-size), and macro- (1,0 0 0-5,0 0 0 m, with a 200 m step-size) scales

sing the wbt_max_elevation_deviation function of the whitebox package [4] . The distance inter-

al for each of the three scales was set using the wbt_max_elev_dev_signature function, which

isplays a graph of scale signatures of maximum deviation from mean elevation, for 92 depres-

ional wetlands, whose area ranged from a few m ² to several thousand m ² ( Fig. 3 ). MTPCC was

hen generated from the three DEVmax rasters at micro-, meso-, and macro-scales using the

bt_multiscale_topographic_position_image function. MTPCC was calculated per 100 × 100 km

hunk with a 20 km buffer. 

VDCNI was calculated using the SAGA GIS Vertical Distance to Channel Network tool [ 13 ] called

n R software using the Rsagacmd package [3] . For this, the DTM raster and the channel network

aster were combined. The elevations of pixels located on a channel were interpolated over the

aster extent to generate a channel network base level, which was then subtracted from the

TM to generate the VDCNI raster, in which each pixel expresses the elevation relative to the

earest channel. VDCNI was calculated per 40 × 40 km chunk with a 10 km buffer. The value of

verlapping pixels equaled the minimum of the two pixels. 

thics Statements 

Ethics statements do not apply to this dataset since it does not involve the use of human

ubjects, animal subjects, or social media resources. 
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