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Riverbeds can be subject to varying degrees of mobility (or in the opposite, bed stability) which can be described 

in terms of the range of mobilized grain size and their proportion [1,2]. When the bedload Grain Size Distribution 

(GSD) resembles that to the surface bed GSD, the riverbed is subject to equal mobility. A lower mobility mode, called 

selective mobility, occurs when the (nearly) entire range of bed particle sizes fractions is mobilised but in different 

proportions. Finally, partial mobility represents a phase in which not all particle fractions are mobile. This makes 

particle entrainment a variable phenomenon in time and space in gravel-bed rivers and thus difficult to measure and 

predict.  

Several direct or indirect methods to assess bed mobility exist, but all have limitations in terms of applicability or 

ease of implementation. One method inexpensive (money and fieldwork) is the use of a painted bed area [3]. A 

representative area of the bed is painted and then usually photographed to identify each grain and derive the pre-

event surface GSD using automated tools such as Digital Gravelometer© or Basegrain [4,5].  Following a hydrological 

event, a new photograph of the initial patch can be taken and the entrained painted grain can be located 

downstream and transport distances measured. This method avoids altering natural grain imbrication without 

limitation of tracer size. However, mobilised painted grain can be transported over varying distances and may settle 

on the paint side down and/or be subsequently buried, resulting in a low recovery rate. The majority of 

measurements generally focus on the downstream particles, while a large amount of information from the original 

spot location is often not exploited. It should be noted that in some studies [6] the degree of mobility is sometimes 

estimated visually between the two photos, or by analysing the proportion of pixels that still have paint to determine 

the extent of partial mobility. This last gives the proportion of the sampled area that has not been disturbed (i.e. the 

proportion that has remained inactive, stable), but it can be unreliable if the paint is disappearing due to paint wear, 

and does not take into account grain size. Yet, the description of the different mobility phases mentioned above is 

based on the mobility proportion of each grain fraction. This information is present in the photos but is not 

systematically extracted, to our knowledge.  

In order to draw on the data set provided by a successive photographic acquisition of a patch, coupled or not to 

transport distance observations, it is necessary to develop methods that allow a spatial grain-by-grain inter-analysis 

of the particles present in the two photographs. This enables subsequent analysis of many different areas of the bed 

(bar head, low and high bar, secondary channel), such that the spatial and temporal variability of bed grain 

entrainment and transport by fraction can be examined. In addition, new particles deposited on the study surface 

will be included in the analysis of the next hydrological event without having made any additional effort in the field 

other than the acquisition of a new photo. We base our work on existing robust grain segmentation methods 

[4,5,7,8] to go one step further by developing an operational GIS-based procedure (Figure 1) to (i) perform 

identification and characterisation of grains in digital images of gravel river beds to derive reliable surface GSD in 

Area-by-Number (AbN) and Grid-by-Number form (GbN) (as surface count method [9,10]) and (ii) perform local grain 

by grain area and shape comparison between pre and post photos. This allows for each grain present at the same 

coordinates, the classification as immobile or mobile using the pre- or post-event photo as reference. For each grain 

size fraction, the proportion of grain (number or area) that has remained stationary (identical), and the proportion 

that has been newly deposited in the study area (not identical at the same coordinates) can be calculated. Such a 

tool allows an easy handling of the results (i.e. polygon reproducing the grain contours with the attributes of size, 

orientation and mobility status) for the large community of ArcGIS® users, and an easy correction in case of 

erroneous grain segmentation or mobility classification since the GIS environment allows to edit layers in a simple 

and stable way. 

From this image processing it is then possible, at each time step, to know the surface GSD of the a and b axes as 

continuous data and not by class, the orientation with respect to the north of the photo as well as the proportion of 
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fine material (fine limit defined by the operator). However, in the case of partial mobility, entrained grain and the 

ones newly deposited on the area may be of similar size. Temporal analyses may show no significant apparent 

change in surface GSD between the two photographs despite actual sediment transport. This transport can still be 

approached by the proportion estimation of immobile and mobile particles for each fraction. If the sampled 

(photographed) area is large enough to characterise all the grains, even the largest ones (100 times the size of the 

largest particle [11]), it is  possible to estimate the largest mobile diameter and the mobile GSD which would be a 

proxy of the bedload GSD. 

A detailed analysis of the performance of this method was carried out on 10 sample images, for which a total of 

more than 6800 grains were extracted from the bed and measured with a Pebble-Box [12] (continuous data) and 

some of them additionally measured with template (discrete data). Under optimal photographic conditions (sampled 

area painted and shaded from direct sunlight) and respecting an adequate sampled area, all percentiles estimation 

shows root mean squared errors between 4 and 10%, either in the AbN or in the GbN form. However, if the GSDs are 

to be compared to sieve/ template data (discrete data) in GbN form, where the size retained by the square hole is 

influenced by flatness of grains, the apparent b-axis of the particles must first be converted to a function of the mean 

c/b axis ratio in order to achieve estimation errors <10% [13]. Finally, the estimation of the fractional mobility has an 

average error of 12%. 
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Figure 1 : Illustration of the entire workflow required to 

sample and characterise the bed surface sediment mobility. 

(A) Photo acquisition. (B) Extraction of grain and patch 

characteristics. (C) Possible output after patch surface 

characterisation. (D) Mobility characterisation and (E) 

possible output from mobility characterisation. The yellow 

boxes represent the developed models of dark threshold 

prediction and (ii) of particle classification. Note the effect 

of the convex hull transformation on the green particle in 

the centre of the two images in the Vectorisation and 

Characterisation columns. In the Characterisation column, 

the second image shows the sketch explaining how particle 

characteristics are derived. 


