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Resampling and hydrogeomorphometrical processing of dense Lidar/DEM: Relationships between landforms and hydrological processes in a Mediterranean peri-alpine catchment basin (1) Christian Depraetere

The DTM under-sampling method SEAD (Sous 48 Echantillonnage ADaptatif [5], adaptative undersampling) from 49 dense to coarser resolution is purposely suitable for 50 hydrogeomorphological applications. Taken a given spatial 51 resolution of =1 meter of the RGEALTI® DTM, the aim is to 52 resampled it with  = 10 meters to simulate a surrogate EEA-10 53 DTM. Instead of usual resampling methods based on averaging 54 elevations and therefore smoothing the topography, SEAD is

I. INTRODUCTION

Dense DEM/DTM from LIDAR tend to become an overarching data for environmental sciences particularly those requiring an accurate knowledge of the relationships between landforms and hydrological, so to say hydrogeomorphology.

Herein, the focus is on a specific hydrogeomorphological processing of the forthcoming EEA-10 Copernicus DTM covering all EU (Figure 1). For testing purpose, a "pseudo" EEA-10 DTM was generated by undersampling at 10 meters resolution from the RGE ALTI® at 1 meter resolution available all over France (® Institut Géographique National, IGN).

An ad hoc method (SEAD) is tested to minimize the smoothing effect of undersampling on the landforms especially along the crest and the talweg lines. Then, an innovative sub surface percolation algorithm (DRAMP) derived from Beven's index is tested with this "RGEAlti-SEAD-10m" on the peri alpine

Mediterranean catchment basin of the Duyes in the Southern

Alps. A study of the sensitivity of hydrogeomorphological landform depictions (i.e. alluvial fans, gullies, anastomosing channels, scree slopes, etc.) according to resolution shows that 10-meters resolution with decimeter precision suggesting that the forthcoming EEA-10 DTM should be a promising and more accurate product for various environmental issues along the river beds and hazards such as floods and landslides. If S z =0, the central part corresponds to a well defined summit and the elevation Z for meshe(i,j) will be equal to MaxZ(i,j).

Conversely, a value of 24 for S z means that it is clearly a depression area (pit, deep valley, etc.) with elevation Z for meshe(i,j) equal to MaxZ(i,j). In other cases, it comes:

Z[i,j] = MaxZ(i,j) -(S z ./24).(MaxZ(i,j)-MinZ(i,j))

with Z[i,j] Є [MinZ(i,j).. MaxZ(i,j)] For instance on the example in Figure 3 corresponding to a valley, the score S z is equal to 18. Therefore, the elevation Z[i,j] between MinZ(i,j) and MaxZ(i,j) but closer to the minimum value (Z[i,j]=MaxiZ(i,j)-+( 18/24) (MaxZ(i,j)-MinZ(i,j)). The DRAMP method could be one asset for those actions. 
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Figure 1 II

 1 Figure 1 II. THE DTM DATA

Figure 2 ,

 2 Figure 2, the objective is to compute the elevation on the central meshe of a 3x3 undersampled window with (=5). For the nine 5 meshes, the min, average and max elevation are calculated from the 15x15 1 meshes.

Figure 2 A

 2 Figure 2 A score S z is computed according to the relative elevations of min, average and max of the neighboring meshes compared to the central one. S z =S minz +S averz +S maxz with S z Є [0..24]
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Figure 3 For

 3 Figure 3For comparison purposes, two DTM at 5 metres resolution

  92ΔZ = Z sead -Z aver 93Purposefully with the SEAD method, the elevations of crest

  Figure 4A. It is more complex than the usual "mono directional" surface flow D8 based on steepest descent as shown in Figure4Bor purpose like methods ([3][7][8][11]). This "oil cloth" D8 flow routing generates only one drainage line from a given point, for instance from the "source" point at 105 m down to the "outlet" point at 1 m. From the same source point with the DRAMP method, many drainage lines are possible as shown on Figure4Cand depending of the slope gradient pattern. This corresponds to a "multi directional" sub-surface flow routing that could assimilated as a "sponge" like superficial reservoir. The amount of water percolating down to the outlet point has a strong probably to be inferior to the infiltrated water into the source point.
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  Map 5 gives a more detailed hydrogeomorphological 166 analysis of the various landforms unit identifiable at 5 meters 167 resolution and still detectible at 10 meters resolution with the 168 "pseudo" COP-EEA-10. The previous simulation and analysis suggests that the 172 forthcoming Copernicus DEM COP-EEA-10 covering 29 173 countries of Europe (cf. Map 1) should be an accurate product 174 for mapping and semi-automatic detection of fluvial and 175 torrential landform. This should contribute to a standardization of 176 hydro-geomorphological mapping and parametrization of risk 177 evaluation and mitigation for flooding and landslides hazards at 178 the European scale. 179 In France, the undersampling of the RGE ALTI® (or 180 LITTO3D on some overseas territories) at 5 or even 10 meters 181 with appropriate method such as SEAD could back up the steady 182 national policy on the integrated management of rivers following 183 the Water Framework Directive (WFD 2000) and its translation 184 into French law (Law on Water and Aquatic Environments, 185 LEMA, 2006). 186 In the regions of the French Southern Alps, Haute Provence 187 and probably other Mediterranean mountainous area, the ongoing 188 impact of river beds incision due to reforestation and 189 abandonment of agricultural land since many decades ([6][7]) is 190 manifolds: lowering of alluvial water table, erosion of alluvial 191 terraces and undermining of dykes and bridge piers . These facts 192 pledge for an accurate and continuous GIS monitoring of the 193 "The green and blue network" (trames verte et bleue) with Lidar 194 data.195
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  The study and field works in the Duyes Valley were 202 conducted in collaboration with the UNESCO Geopark of Haute 203 Provence and the National Taiwan University in Taipei. 204 The scientific and technical support of VisioTerra, 205 contributed to this work with expertise and remote sensing data.
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