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We must consider not only flow and inorganic sediment but also the wood load...

Modified from Wohl, Kramer, Ruiz-

Villanueva et al., 2019, BioSciences

Poff et al., 

1997

Wohl et 

al., 2015

Flow
regime 

Sediment
regime

Wood
regime
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ÁMuch less is known

ÁNo monitoring stations

ÁScarce and sparse data

ÁModelling recently started

Stream gauging 

stations

Sediment gauging stations

Floods and debris flows in mountain streams and 

torrents



1. Sediment-wood-water flows in mountain rivers and torrents 

2. Numerical modelling of wood transport processes

3. Model validation: flume experiments and field observations

4. Selected applications: 

o Exploring how wood moves in rivers

o Wood transport-related hazards
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diameter
submerged trunk

floating

Sliding/dragging

How does wood move in rivers?
The physics of wood transport influenced by wood piece shape, density, and size
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How does wood move in rivers?

Modified from Ruiz-Villanueva et al., 2019, ESPL

As the amount of wood increases the rheology of the flow changes
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bridge

Venero Claro, Ávila, Spain
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Numerical modelling of wood transport processes

Modified from Addy and Wilkinson, 2019

Representation of wood (effects) on models

Explicit 2D or 3D

Ruiz-Villanueva et al., 2014 ESPL

backwater

No blockage~50% blockage

bridge bridge
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Numerical modelling of wood 

transport processes

Spatial Dimensions, complexity
1D 2D 3D

Process coupling
No coupled One-way      Fully coupled

Temporal evolution

Fluid WoodFluid WoodFluid Wood

IberWood

Ruiz-Villanueva, unpublished (in prep)



https://iberaula.es/

Iber-Wood

Iber (2010) is a 2D hydraulic model for the simulation 

of free surface flow in rivers

Freely available in English and Spanish, for Windows and Linux

Developed and supported by:
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Iber 2D Numerical scheme

Á Hydrodynamics based on the 2D Saint Venant equations

Á Explicit finite volume schemes on unstructured meshes

(3 or 4 faces)

Á Capacity to solve subcritical and supercritical flows

ÁMass conservative wetting and drying algorithm

Á Several RANS-type turbulence models

Á Internal structures: bridges, gates, weirs, and culverts

ÁMorphodynamics (Exner eq.) and sediment transport

(bed and suspended loads)

Á Integrated in a user-friendly interface for pre- and post-

processing

Á IberPLUS and R-IBER, two parallelized versions up to 100 

times faster

Á Validated with analytical solutions, laboratory tests and 

field measurements
© iberaula.es 13



ÁHydro-morphodynamics

ÁFlood hazard and risk 

evaluation

ÁEcohydraulics and fish habitat 

ÁWater quality

Áéetc

2D Iber applications

https://iberaula.es/

Dam break 

Rain and Infiltration 

processes

Non-Newtonian flows (e.g., 

snow avalanches, debris flows)

Pollution 
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Hydrodynamics + turbulence + sediment transport + wood transport

k-Ů model 

from Rastogi y 

Rodi (1978)

and others

depth averaged 

shallow water

(2D- De St. Venant) 

equations

2D Exner

Meyer-Peter and Müller, 

Van Rijn, 

Engelund-Fredsoe, and others 

+
Lagrangian* 

(discrete element) 

approach

Ruiz-Villanueva et al., 2014 J. Hydroinformatics

Hydrodynamics, sediment and wood fully coupled

Wood density (ɟw), length (Lw), diameter (Dw), angle (ẽ), water level (h), flow 

velocity (Uflow), submerged area (Asub), friction (ɛbed) and drag (Cd) coefficients

dgf FFF +=Force balance

Cylinders with or without roots
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Fluviá River (Spain)

Wood-flow-sediment coupling

Additional drag to the 2D De Saint Venant
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Interactions
ÁWood-morphology (bed, banks, floodplainé)

ÁWood-wood (collisions, jam formation)

ÁWood-internal conditions (bridges)

Hydrodynamics, sediment and wood fully coupled
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Numerical modelling VS. flume experiments

Ruiz-Villanueva et al., 2014 J. Hydroinformatics

First validation: floating non-rooted logs 

trajectories, rotation, velocity in a straight flume 

with lateral constraints and recirculation zones

Flume

Geometries

Dowels (logs)

50 cm

Model results

Flow

18



flow

Width=3m

AFlume

Dowels (logs)

Floating and dragging logsËtravel distance, 

accumulation in jams, effect of roots, 

unsteady state in a wide braided flume

Video speed x6

4

3.5

2.5

1.5

0.5

Water 

Depth (cm)

Ruiz-Villanueva et al., 2020 WRR
Flow
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Numerical modelling VS. flume experiments

Wood piece Wood piece



20Innocenti, é, Ruiz-Villanueva, et al., 2024 WRR

YouTube, ñSihl-

Schwemmholzrechenò, 

from Schmocker & 

Weitbrecht (2013)

Wood transport in sharp river bends, 

considering secondary currents

Numerical modelling VS. flume experiments

Helical motion

wood

wood

Current affects wood trajectory



Metal and plastic 

tags, Radiofrequency 

transmitters (RFIDs),

Drones, cameras

CNN Automatic tracking of floating wood in videos (YOLOv4 + DeepSORT)

Janbert Aarnink, Ph.D. Thesis

Aarnink, é, Ruiz-Villanueva, 2024 ESurf

Wood survey 2021 Spöl River (Switzerland)

32 mm

Numerical modelling VS. field observations

CNN YOLOv4 Automatic detection of deposited wood 

Aarnink, é, Ruiz-Villanueva, under review 21
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Ruiz-Villanueva et al., 2016, Geomorphology

How does wood move in rivers? 

23

Braided, multi-thread morphologies are natural wood retention zones

Channelized Braided
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channel

Multi-thread, unmanaged channel 

(braided)

Wood piece volume
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Ruiz-Villanueva et al., 2016, ESPL

Where wood is more 

likely to accumulate 

depends, among other 

factors, on discharge

Where is wood deposited in rivers?

frequent flood

medium flood

extreme floodWood 

depositional 

probability

High

Low

Czarny Dunajec River (Poland)

The floodplain is the 

natural wood 

depositional zone during 

floods
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Bladé, é, Ruiz-Villanueva, 2016  RiverFlow IHAR

Wood influences the flow transport 

capacity and the competence

Flow-wood-sediment interactions

Flood & wood

Dam upstream

D
:

W
E

:Increased water depth, lower velocity

Decreased sediment size 

the flow can carry
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Two scenarios
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straight channel with erodible bed

The upstream inlet sediment = bedload capacity

Bed elevation (m)

Flow  100 m3/s
100 m

Log-step

First attempts to simulate flow, sediment and wood transport

Wood steps affect channel morphology

Flow-wood-sediment interactions

Initial channel bed

Channel bed, no wood

Water depth, no wood

Water depth + wood
Water depth + wood + 

sediment

Channel bed + wood + sediment

Bladé, é, Ruiz-Villanueva, 2016  RiverFlow IHAR



Ruiz-Villanueva et al., 2017, ESPL

Length/width=0.4Critical Q ~10-year flood

Discharge, wood volume and size control bridge 

clogging and blockage probability

Wood transport-related hazards and risks
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Czarny Dunajec River (Poland)



Flood in 2015

Mazzorana, Ruiz-Villanueva et al., 2023 Ing. Agua

Bridge piers

Wood trajectories
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Aggradation
Channel bed

Bridge

Distance

Wood enhances scour. The number of piers and location impact bridge clogging 

Austral road bridge

Wood transport-related hazards and risks

Blanco River, 

Chaitén, Chile

Chaitén

town Bridge
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