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ABSTRACT: This work explores the potential of UAV imagery to map grain-size distribution
(GSD) of 12 well-preserved braided reaches of the Southern French Alps and Prealps. A strong
calibration curve has been developed to predict the grain-size from photogrammetric point clouds.
Grain-size calibration has been obtained using 129 close-range photos of 1 m2 homogeneous
grain-sizes patches computed on Digital Grain Size (Buscombe, 2013). The Dsy of each photos
was then fitted with the mean roughness height (Vazquez-Tarrio et al., 2017). Distributed grain-
size maps of the Dso can be produced by rasterizing the average surface roughness in a 1 m pixel
and applying the calibration curve for each pixel. The procedure has potential for rapid and con-
tinuous GSD characterization over braided reaches. Qualitative examination of a grain-size map
shows great correspondence with sedimentary mosaics visible on SfM ortho-images, even in sub-
merged conditions. Therefore, it allows for characterizing morpho-sedimentary signatures of
braided reaches, which can have important applications for management of braided rivers.

1 INTRODUCTION

Gravel-bed braided rivers are well known for their multithread channel network developing
within a mosaic of alluvial bars. Their high morphological activity related to flood regime and
sediment supply (Ashmore, 2013) causes complex sedimentary processes which results in a high
heterogeneity of the grain-size distribution (GSD) within the active channel (Bluck, 1979; Ash-
more, 1982; Gardner et al., 2018). High-resolution mapping of the GSD of braided rivers is of
uppermost interest to produce diagnostic of aquatic habitats, to predict bedload transport and mor-
phological changes. Wolman sampling (Wolman, 1954) is the most common field method to
characterize GSD over a study reach. It is however, labor intensive, time-consuming and not re-
ally adapted to the continuous mapping of surficial grain-size (Bunte & Abt, 2001). Remote sens-
ing can be used to bypass these disadvantages. Indeed, image-based methods allow manual and
automatic extraction of grain-size at small and large scales (Carbonneau et al., 2005; Verdu et al.,
2005; Buscombe, 2013). More recently, methods based on 3D point clouds have been developed
for grain-size estimation. High-resolution UAV images can be used to obtain 3D Structure from
Motion (SfM) photogrammetric point clouds from which grain-size proxies can be computed
(Vazquez-Tarrio et al., 2017; Woodget & Austrums, 2017).

This work aims to explore GSD of 12 alpine gravel-bed braided reaches located in SE France
using SfM 3D point clouds derived from high-resolution UAV imagery. It focuses on the evalu-
ation of the performance of surface grain-size prediction model and on explorations of its appli-
cation to characterize morpho-sedimentary signatures of braided rivers.

2 METHODOLOGY

This work is based on 12 well-preserved braided reaches of the Southern French Alps and Prealps.
This set of reaches has a wide range of physical characteristics drainage areas between ~10 and



900 kmz, active channel width between ~20 and ~200 m and channel slope between 0.005 and
0.04. Catchment geology combines sedimentary and crystalline domains, offering heterogeneous
lithological conditions for grain-size mapping. These sites allow exploring not only a size gradi-
ent, from proximal to distal river reaches, but also a sediment supply gradient, from supply-lim-
ited to transport-limited braided channels (Liébault et al., 2013).

For each site, about 10 square plots (129 in total) of homogeneous grain-size patches in exposed
and dry areas of active channels were sampled. Spray paint was used to delineate patches in order
to make them easily detectable on SfM point clouds. Images of plots were shot with a DJI Mavic
2 at a low relative elevation from the ground (5-8 m). Image resolution is such that GSD is con-
sidered truncated below 2mm.

The 129 close-range images were processed with Digital Grain Size (DGS) (Buscombe, 2013).
This wavelet code provides an automatic estimation of the GSD from an image. Following Char-
don et al. (2020), errors related to intra-grain petrographic variations were reduced by applying a
median filter with a radius equal to 5% of the largest clast on images. Correction of DGS percen-
tiles was obtained from the manual extraction of the apparent the a- and b- axes for at least 100
particles. This was done with ImageJ for 44 plots. Corrected DGS percentiles were considered as
pseudo ground truth data to calibrate the grain-size proxy based on the roughness height (Rn).

For each study reach (length about 15 times the mean active channel width), an UAV equipped
for RTK direct georeferencing shot nadir images with high overlaps at an elevation of 70 m above
the ground. Ground Control Points were distributed homogeneously at each site and measured
with a differential GPS with an accuracy of less than 5¢cm.

A SfM photogrammetric processing of UAV images was performed using Agisoft Metashape
software. SfM point clouds were imported in CloudCompare to manually segment the sampling
plots at each site and compute their Rn. This metric is defined as the distance between a given
point and the best fitting plane calculated on its nearest neighbors included in a sphere of prede-
termined radius (Vazquez-Tarrio et al., 2017; Woodget & Austrums, 2017).

The most performing calibration curve was used to produce a distributed grain-size map of
active channels for each study site. Filtered dense point clouds (i.e. removal of non-alluvial ele-
ments) were imported in CloudCompare to compute the Rn. A 1-m resolution raster of roughness
was produced by computing the mean Ry value for each pixel. Finally, the calibration curve was
applied on every pixel to get the corresponding grain-size percentile (Dso).

3 RESULTS

The best grain-size calibration curve was found for the Dso which is a linear function of the mean
Rn with R2 = 0.83 (Figure 1). The independent error of prediction (Jackknife cross-validation) is
equal to 5 mm, which corresponds to 14.4 % of the mean Ds, computed for the 129 plots.

The calibration curve was used to map the active channel GSD at a 1-m resolution to extract
the surficial GSD for each of the 12 study sites. Figure 2presents a typical braided reach of the
Arigeol stream (Southern French Prealps). It shows a very good qualitative correspondence be-
tween the SfM ortho-image (Figure 2A) and the grain-size map (Figure 2B). The sedimentological
pattern of the active channel is well captured not only for exposed gravel bars, but also for sub-
merged low-flow channels. Many types of bedforms are identifiable. The grain-size map clearly
shows Alternating sequences of fine and coarse sedimentological units along the low-flow chan-
nels, which are typical of riffle-pool-bar units.

Active channel DEMs obtained with SfM photogrammetry allows to investigating topographic
effects on surficial GSD within active channels. Figure 2C is a Relative Elevation Model (REM)
obtained by subtracting the mean elevation of the main low-flow channel from the active channel
DEM. Three geomorphic units can be distinguished within the active channel of the Arigéol when
coupling GSD and REM data: (1) unit 1 corresponds to bars on the margins of the active channel,
mainly composed of very coarse gravels and small cobbles, with the highest relative elevations,
and sparsely occupied by shrubs; (2) unit 2 corresponds to bars occupying the center of the active
channel, with a coarse GSD equivalent to unit 1, but with a lower relative elevation; (3) unit 3
corresponds to macroforms within or adjacent to the low-flow channels (riffle-pool-bar units, with
bars composed of medium to coarse gravels), with the lowest relative elevations.
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Figure 1: Calibration curve of the Dso~mean Rn relationship. Shaded areas correspond to the 95% confidence interval
of the regression
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Figure 2: Morpho-sedimentary units of a typical braided reach of the Arigéol. (A) High-resolution SfM ortho-image
(1.48 cm/pxI) with morphological interpretation; (B) Surficial grain-size map (1m/pxl); (C) REM (2.39 cm/pxl). Flow
is from top to bottom.

4 DISCUSSION & PERSPECTIVES

This multi-site field-based analysis of surficial grain-size mapping conducted in braided gravel-
bed rivers of SE France confirms that the surface roughness extracted from SfM 3D data is a very
good proxy of the surficial median grain-size of dry and exposed areas of active channels. The
main advantage of this method, as compared to emerging models of grain segmentation based on
neural networks (e.g. Lang et al., 2021; Mortl et al., 2022), is that it is adapted to the reach-scale
mapping of grain-size using high-elevation UAV images. The grain-size calibration curve shows
that the median grain-size of dry and exposed areas of bars can be predicted with a 14% relative
error. The qualitative agreement between braided channel sedimentary mosaics visible on ortho-
images and extracted from the calibration curve shows that the grain-size patchiness of gravel-
bed rivers can be efficiently captured by SfM 3D point clouds. When these sedimentary mosaics
are merged with topographic signatures of the active channel (REM), it is possible to distinguish
geomorphic units within the active channel. The detailed analysis of the grain-size patchiness of
the Arigéol study reach shows three morpho-sedimentary units that likely inform about recent
flood signatures. Fine-grained macroforms in the vicinity of the low-flow channels (unit 3), re-
lated to regular flow events occurring several times each year, are entrenched into coarser gravel



bars likely deposited during recent high-magnitude floods (units 1 and 2). This kind of grain-size
pattern has been observed in several of our study sites, and it is quite different from previously
reported sedimentological patterns of braided rivers, describing coarse-grained chutes and fine-
grained bar-anabranch (Guerit et al., 2014). In conclusion, the grain-size mapping method pre-
sented here can efficiently be used for characterizing morpho-sedimentary signatures of braided
rivers. This kind of analysis is underway for the other study sites. Our dataset will also be used
for exploring sediment supply effect on the grain-size patchiness. This can have some important
applications for assessing the effect of sediment supply decrease on the morphological trajectory
of braided channels, which can lead to a fluvial metamorphosis towards a wandering pattern.
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