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Both live riparian vegetation and dead logs play a crucial role in shaping and determining 

the morphodynamics of river systems. However, when investigated separately, vegetation and 

logs seem to exert opposite effects, the former reducing channel width and braiding index, and 

the latter increasing channel width and dynamics. A series of laboratory flume experiments 

were conducted using live vegetation (Alfalfa) and woody dowels separately and 

simultaneously in order to overcome the substantial lack of evidence on the contrasting effects 

of vegetation and logs in braided river systems. Evidence shows that patterns of wood storage 

and deposition depend on upstream wood input, and that log remobilization rates strongly 

depend on the dynamics of the braided network due to sediment transport. Also, the braiding 

index seems unaffected by either wood storage volume or wood input rate. Apart from the 

confirmation that vegetation establishment and proliferation on braid bars reduces the braiding 

index, the flume runs allowed us to observe that, on vegetated beds, the addition of logs forces 

the formation of fewer but larger log jams, which further reduces the braiding index and limits 

the lateral mobility of anabranches.  

 
1. INTRODUCTION 

The type and size of riparian vegetation is known to play a crucial role in shaping rivers, effectively 

acting as a riparian ecological engineer (Corenblit & Steiger, 2009; Gurnell, 2014). The significant 

impact of vegetation growing on bars and floodplains on channel morphology has been increasingly 

verified in the field (e.g. Gurnell, 2014), numerically (e.g. Murray & Paola, 2003) as well as 

experimentally (Tal & Paola, 2007, 2010; Braudrick et al., 2009). These studies have begun to directly 

show the influence of riparian vegetation in stabilizing banks, increasing mean channel depths, 

significantly reducing the number of channels per river cross section, and have been incorporated into 

an improved theoretical criterion for the meandering-braiding transition (Eaton et al., 2010).  

The geomorphic effect of living plants continues even after their erosion from the banks and 

transportation throughout the fluvial network. Dead or living pieces of large wood (hereafter LW) can 

exert a tremendous influence on river erosion and sedimentation processes (Jeffries et al., 2003), 

channel morphology (Abbe & Montgomery, 2003), channel hydraulics (Wallerstein et al., 2001) and 

ecological diversity of river channels (Gurnell et al., 2002).  

While few field studies area available on wood transport dynamics in large rivers (e.g. MacVicar & 

Piégay, 2012), the role of upstream LW supply on downstream LW storage has been poorly 

documented both in natural environments and flume experiments. 

Although wood supply rate, size and timing are likely to play a crucial role in defining the storage 

conditions within a certain reach (Wohl et al., 2012), the relationship between wood input rate and 
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wood storage is still unknown, particularly under complex and varying conditions in terms of 

supply/transport limitations as is the case for braided rivers.  

Both vegetation and LW contribute to shaping braided river systems with islands, which are the 

highest expression of ecosystem integrity within fluvial systems (Francis et al., 2009). Generally, 

vegetation tends to reduce channel width and braiding index, whereas large wood increases channel 

dynamics by creating pioneer islands. Despite some experimental studies on the effects of riparian 

vegetation on the planform of gravel-bed rivers (Coulthard, 2005, Tal & Paola, 2007, 2010), such 

work is in its infancy and there is a substantial lack of knowledge and evidence for the contrasting and 

relative effects of riparian vegetation and LW on braided river channels. Hitherto, few attempts have 

been made to simulate LW displacement and dynamics in a mobile bed (Welber et al., 2013), and no 

experimental evidence exists that examines the interaction between vegetation and LW on wood and 

sediment transport and depositional processes, and morphological patterns and dynamics in complex 

river systems.  

The series of flume experiments presented here are the first reported attempts to model the interactions 

between wood and vegetation. The objectives of this paper are: (i) to investigate the effects of wood 

input rate on wood storage at the reach scale in braided systems; (ii) to explore the relationship 

between channel morphology and wood storage; (iii) to quantify the turnover of single logs and jams; 

(iv) to differentiate the relative effects of riparian vegetation and large wood on the planform 

configuration of river systems; (v) and to differentiate the relative effects of riparian vegetation and 

large wood on the relative elevations of different morphological units in river systems. 

 

2. MATERIALS AND METHODS 

A series of experiments were carried out in the Total Environmental Simulator (TES) facility; a 6 m-

wide, 11 m-long flume at the University of Hull (UK). Three 1.7 m-wide channels (C1, C2, and C3) 

were built inside the flume using concrete blocks, and were filled with homogeneous sand (D50 = 0.73 

mm) with a surface slope of 0.013 m m
-1

. Water was supplied at the upstream end of each flume using 

submerged pumps with a steady discharge of 1.26 l s
-1

. Sand was fed at a constant rate of 

approximately 1.9 g s
-1

. Transported sand was collected at the downstream end of each flume using 

traps. Under these conditions of steady flow discharge and sand feed rate, the initial regular channel 

carved in the centerline of the flume channels evolved into a braided network, which was maintained 

for approximately 21 hours to attain steady-state conditions in terms of morphological patterns and 

sediment fluxes. Then, cylindrical 8 cm-long woody dowels representing LW logs were fed into the 

flume channels. Further details on the scaling approach used to select the dimension of logs can be 

found in Bertoldi et al. (2014). Logs were fed into the three flume channels at regular time intervals 

(15 minutes) but at different rates: 60, 120, and 180 logs h
-1

 in C1, C2, and C3, respectively. After the 

first six hours, the wood input rate was reduced to 40, 80 and 120 logs h
-1

 in channel C1, C2 and C3, 

respectively. Logs were collected and counted at the downstream end of the flume channels. 

Experimental runs with logs feeding were 18 hours in duration, which was sufficient to attain an 

approximate equilibrium (i.e. output equaling the input rate of logs).  

Subsequently, experimental runs were designed to explore the effects of vegetation and logs under the 

simplest conditions. This experimental run was aimed at investigating the morphological response of 

braided river systems to the dynamics interactions between water, sediment, vegetation, and logs. The 

logs were thus removed and a self-formed, steady-state braided pattern was restored in the flume 

channels using steady flow and sediment input rates. Then alfalfa seeds (Medicago sativa) were mixed 

with handfuls of dry sand and manually seeded in the three flume channels with a density of 

approximately 1 seed cm
-2

. In order to avoid seeds growing in the channels, a baseflow of 1 l s
-1

 was 

imposed to maintain flow in the channels but without moving sediment. The establishment of the 

alfalfa seeds was helped by using continuous artificial illumination, and by maintaining the water table 

at the highest possible level overnight. Also, seeds were soaked in water for approximately 2 days 

before seeding to promote rapid germination. After the alfalfa seeding, a higher flow that was able to 

rework the channel morphology (1.26 l s
-1

) was imposed in the flume channels. In flume channels C2 

and C3 logs were also feed (at rates of 40 and 120 logs h
-1

, respectively), whereas the flume channel 

C1 was left to evolve under the sole influence of vegetation growing on sand.  

Similar to previously reported experiments (Tal & Paola, 2007; Clarke, 2014), alfalfa rapidly 

developed roots and stems up to 2 cm in length and up to 2 mm in diameter. Under this protocol, 
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experiments were run for 8 hours per day at the base-flow, for a total of four weeks (120 hours 

overall). In order to replicate the vegetation growing on floodplains and high bars in natural rivers, 

alfalfa was seeded every 7 days under the same conditions described above, and a high-flow that was 

able to transport sediments and rework the channel morphology was imposed once per week for 3 

hours.  

A reflex camera mounted on a 1.5m high overhead gantry was used to acquire a series of vertical 

images covering the entire length of the flume channels with a resolution of about 2 pixels mm
-1

. A set 

of ground control points were used for image positioning and red dye was employed to enhance 

contrast between wet and dry areas. For each flume channel, pictures were geo-referenced and channel 

network configuration was manually characterized in terms of the reach-averaged braiding index 

(Egozi & Ashmore, 2008).  

Pictures were acquired at the end of each of the respective runs: S (sand bed), SL (sand plus large 

wood), SV (sand plus vegetation) and SLV (sand plus large wood and vegetation). Additional pictures 

were collected on three occasions during runs SV and SLV, just after the high-flow imposed 

condition. With the same timings, the entire flume facility was surveyed with a terrestrial laser scanner 

(TLS), the Leica ScanStation2. This is a time-of-flight (first return) system with high speed dual-axis 

compensator which scans up to 50,000 points per second, at a maximum scan density of <1 mm
2
. The 

laser was placed on the four corners of the flume facility, and the scans were taken setting the 

resolution at a cell size of 1 mm at 7.5 m from the device. Six targets were used to register and geo 

reference each scan using Cyclone 7 software (Cyra Technologies Inc.). 

In order to avoid areas with low point density around the edges of the flume, a 1.4 m-wide, 6 m-long 

area was selected for scanning all the flume channels. Filtering the scans of runs SLV proved to be 

challenging because of the very dense canopy developed by alfalfa plants, especially at the end of the 

runs (i.e SLVc and SLVd). The adopted filter first created a reference RGB triplet for an area with 

only sand. Second, the RGB values of all points within the scan were compared to the reference triplet. 

Third, a point was removed if its RGB triplet diverged from the reference by more than a user-selected 

percentage, which was identified through trial and error. A geometrical filter was then applied to 

delete outliers. The filtered scans were then interpolated and a DEM with cell size of 1 mm was 

created using ArcMap. The DEM was detrended in the streamwise direction using linear interpolation, 

and finally the probability density functions of the beds were extracted. 

 

3. RESULTS AND DISCUSSION 

During the first six hours of simulation log input rate was set to 60, 120 and 180 logs hour
-1

 for 

channel C1, C2 and C3, respectively. Rapid accumulation of wood was observed in all flume 

channels, with higher rates for larger input, due to the remarkable retention capacity of empty braided 

networks (Figure 1). The flume channels exhibited different responses to the reduction in wood input 

rates that occurred after six hours (to 40, 80 and 120 logs h
-1

 for channel C1, C2 and C3, respectively). 

Channel C1 continually accumulated wood, albeit at a slower rate, approaching equilibrium only in the 

last few hours. Channel C2 showed a strong output flux between t = 7 hours and t = 9 hours and then 

stabilized around a total storage of about 400–450 logs. Wood volume in C3 steadily increased up to t 

= 7 hours and then was fairly constant during the interval t=7–14 hours, with a total of approximately 

800 logs in the channel, corresponding to a spatial density of about 75 logs m
-2

. 

Flume evidence shows that the amount of logs stored in the channel at steady flow and sediment rates 

depends non-linearly on wood input rate. Interestingly, the volume of stored wood was relatively 

insensitive to input rate if the latter was low. A marked change in wood dynamics was observed for a 

wood input rate exceeding approximately 100 logs h
-1

. Above this threshold, the amount of stored logs 

increased remarkably, mainly due to a different degree of organization of wood pieces in the channel 

(Bertoldi et al., 2014).  
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Figure 1. Storage of wood in the three channels over time (modified from Bertoldi et al., 2014). 

 

Wood remobilization and turnover rate were investigated through the analysis of sequential images of 

each channel. The percentage of logs displaced after one-hour intervals was quite large and showed 

large fluctuations in time, ranging between 20 and 60% (Figure 2). No obvious difference was 

observed in wood turnover rates between the three flume channels, suggesting that intense log 

turnover occurred over a one-hour interval regardless of wood input rate. Wood retention was also 

evaluated in terms of site persistence, computed as the number of consecutive vertical images of the 

flume channels in which individual accumulations were present. Cumulative frequency distributions of 

site age were similar between flume channels both for isolated logs and for jams. The average age of 

depositional sites was very short, being less than 2 hours in 60% of the cases. In all flume channels, 

jams were slightly less prone to erosion compared to isolated logs. However, 40% of large jams 

persisted for more than five hours, as the rapid erosion of jams with more than 10 elements has been 

observed to be a rare event (Bertoldi et al., 2014). Wood stability can be linked to morphological 

change induced by the dynamic behaviour of multi-thread systems. The turnover rate of dry bars (i.e. 

the persistence of dry bar surfaces) was remarkably similar to that of wood deposits, with about 40% 

of the areas turning into submerged surfaces in less than two hours. Up to 95% of the dry bars were 

eroded or flooded in less than seven hours, mirroring the high turnover rate of wood deposits. The 

dominant effect of morphology in controlling wood dynamics was evident, as all three flume channels 

experienced similar turnover rates, regardless of wood storage. The main process responsible for wood 

remobilization was bar erosion, driven by morphological changes. Rapid migration of sediment bars in 

the main anabranch was the main process responsible for rapid morphological change (Bertoldi, 

2012), and also determined the formation and shifting of potential depositional sites where a large 

proportion of logs were stored (see also Bertoldi et al., 2013).  

 

 
 

Figure 2. Remobilization rate of logs in the three channels over time (modified from Bertoldi et al., 

2014). 
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Previous studies have shown that wood deposits in multi-thread rivers tend to increase the complexity 

(i.e. the braiding index) of the active braid (Coulthard et al., 2005; Sear et al., 2010; Cadol & Wohl, 

2011). However, vegetation growing within the river planform is often linked to a decrease in braiding 

index (Tal & Paola, 2007, 2010) since it stabilizes bars and concentrates the flow in deeper channels. 

The temporal evolution of braiding index in the three flume channels was measured before and during 

wood dispersal simulations. Braiding index ranges between 3.5 and 5, and no statistically significant 

difference was observed between pre- and post-wood input configurations (Figure 3). The present 

experiments show that wood alone, when free to move and deposit on a self-formed braided 

topography, does not significantly affect sediment transport and bed morphology at the reach scale 

(Bertoldi et al., 2014).  

From hour 19 of the experiments, Alfalfa seeds were manually seeded and progressively grew on the 

dry surfaces of the three flume channels. The establishment of vegetation in the flume channels tended 

to reduce channel network complexity by reducing the braiding index (Figure 3), which reduced from 

around 4.5 to around 2.5. It is particularly interesting to note that the simultaneous presence of 

vegetation and LW (fed at the same rates as prior to vegetation seeding in channels 2 and 3) tended to 

reduce the braiding index further (Figure 3), and caused a shift towards an almost single-thread 

morphology (Figure 4 and 5).  

When vegetation and LW exerted their geomorphic role together, the percentage of wood deposited as 

single elements reduced from 45 to 25%, and jams tended to become larger and much more stable. 

Under these circumstances, wood remobilization decreased dramatically to < 5%, and newly 

introduced logs were more likely to jam on already existing accumulations. Large jams formed under 

high wood input rate (channel 3, Figure 5) were particularly stable, and tended to deflect the flow, as 

commonly reported in single-threads rivers (e.g. Abbe & Montgomery, 2003). 

 

                  
 

Figure 3: Reach-averaged braiding index. 

 

 

0

1

2

3

4

5

15 20 25 30 35 40 45 50 55 60

B
r
a
id

in
g

 i
n

d
e
x

Flow time (h)

C1

C2

C3

first wood input

onset of vegetation

seeding



Proceedings of the HYDRALAB IV Joint User Meeting, Lisbon, July 2014  
 

6 

 
 

Figure 4. Vertical photos of channel 3 (above) and channel 1 (below) taken a few days after the 

Alfalfa seeding. On channel 3, logs were fed at a rate of 120 logs h
-1

, whereas no logs were fed into 

channel 1. The flow was from left to right. 

 

 
 

Figure 5. Vertical photos of channel 3 (above) and channel 1 (below) taken towards the end of the 

experiments. 

 

The filtered and detrended digital elevation models derived from the laser surveys of the channels 

were used to build probability density functions (PDFs) of the bed elevations. The PDFs of the three 

flume channels featuring no vegetation nor LW are almost identical in shape and distribution, 

suggesting that there is a good deal of similarity in the surface distribution of elevations due to bar 

braiding within the three channels. PDFs derived from laser scanner surveys of channels with 

vegetation and LW are all bell‐shaped, but tend to be broader, with greater deviation of the values 

away from the zero central value. The standard deviation of the bed surface elevations (σ), which can 

be interpreted as the characteristic vertical roughness length scale of channel morphology, was derived 

for all available laser surveys (Figure 6). 
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Figure 6. Standard deviation (σ) of bed elevations for the three channels (S: only sand; SL: sand bed 

plus large wood; SV: sand bed plus vegetation; SLV: sand bed plus large wood and vegetation; a to d 

represent the laser scanner surveys taken over time during the experiments, d being the last one). 

 

Figure 6 shows that the range of bed elevations on a braided planform with or without logs is very 

similar. In fact, as shown by the log remobilization and the braiding index, large wood by itself seems 

unable to significantly alter the dynamics and thus the bed morphology at the reach scale. Instead, 

vegetation growing in the flume channels reduces the space available for the flowing water, and 

channels become narrower and deeper, increasing the standard deviation of the elevations (channel 1 

in Figure 6). Interestingly, when logs and live vegetation act together, the standard deviation of 

elevations increases over time, but at a lower rate if compared to channel 1 (e.g., see especially the 

results for channel 3, in which logs were introduced at the highest rate). This indicates that logs tend to 

reduce the tendency of channels to narrow due to vegetation encroachment within the braid belt.  

 

4. CONCLUDING REMARKS 

This paper reports on some novel laboratory observations on wood transport, deposition, and 

remobilization in a braided system subject to varying wood input rates. Flume observations 

demonstrate that wood storage and deposition patterns at near equilibrium conditions strongly depend 

non-linearly on upstream wood input, and large log jams formed only at the highest input rates. Log 

remobilization rates strongly depend on the dynamics of the braided network, which not only govern 

the persistence of anabranches and bars, but also the formation of potential log depositional sites. 

Also, neither wood storage volume nor wood input rate seems to affect braided channel morphology.  

Vegetation growing in the flume rapidly reduces the braiding index, and forces flow in narrower and 

deeper channels, increasing the standard deviation of the bed surface elevations. On vegetated flume 

channels, the addition of logs forces the formation of fewer but larger jams, which further reduces the 

braiding index and limits the lateral mobility of anabranch. Because the anabranches channels tend to 

be wider, the elevation of bed surfaces feature a lower standard deviation than a vegetated flume 

without large wood inputs.  
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