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Guideline 1-WP7- Estimation of sediment budget ( including large wood) monitoring and 
scenarios determination to be used for flood mitigation in Alpine basins 

River Scaling Concept – Morphodynamics Evaluation Tool-BOKU 

 

A GIS-based planning system for targeting sediment management at hydrographic district scale- 
CNRS-Lyon 

 

Effective discharge assessment for bedload and for suspended load- BOKU 

 

Large wood storage and distribution within the river network (UNIPD) and driftwood hazard at 
bridge structure (Bolzano-Insbruck Univ.) 

 

 

 



Guideline 2-WP7- Identification of morphological impacts related to hydropower 
plants and gravel extraction 

 

Long and Medium  term assessment of planform changes and channel adjustments 
(indicators for the evaluation of morphological impacts due to sediment removal, gravel 
mining or sediment supply reduction)- UNIPD 
 
Short term channel adjustment : DoD and GCD Geomorphic change detection for 
assessment of both floods impacts and gravel extraction- UNIPD 
 
Reservoir sediment management plans and proposal for management improvement 
(Case study Ill, Drau, Maira River)- BOKU-Piemonte Region,  
 
Implementation of multicriteria analysis in a selected HP basin (Pramper stream, Belluno 
Province)- ARPA-Regione Veneto 

 
 
 



Guideline 1-WP7- Estimation of sediment budget ( including large wood) monitoring 
and scenarios determination to be used for flood mitigation in Alpine basins  

  

The application of the River Scaling Concept – Morphodynamics Evaluation Tool (RSC-MET) for reach 
evaluation follows a three-step process.  

In the first step, it is evaluated the connectivity of the reach to sediment production in its catchment.  

In the second step, it is analysed the sediment transferred through the river network to the 
downstream reach.  

In the last step, the reach or subreach itself is investigated for its own sediment budget and for its 
artificiality.  

 

The evaluation procedure is performed from catchment to reach scale in a hierarchical manner. In 
contrast to existing methods for assessing the morphological quality of rivers, by following RSC-MET 
the sediment supply is considered as a prerequisite for sustainable functioning of morphodynamics.  

The hierarchical procedure ensures causal analysis of morphodynamics rather than interpretation of 
symptoms observed in the investigated reach. 

 



RIVER SCALING CONCEPT-MORPHODYNAMICS EVALUATION TOOL-BOKU 

(i) Catchment  - In a first step, the catchment of the investigated reach is investigated for 
artificial sediment barriers such as torrent control structures or weirs from 

hydropower plants.  
 



RIVER SCALING CONCEPT-MORPHODYNAMICS EVALUATION TOOL-BOKU 
(ii)  River network - The river network is investigated for alterations in the transfer of sediment 
from the catchment to the investigated reach downstream. River engineering works in the 
upstream river network may alter the sediment budget by changing the sediment transport 
capacity. Training works such as channel narrowing may increase bed shear stress and hence 
sediment transport. Gravel mining or artificial sediment supply also affects the sediment budget 
of the river network. Degradation (bed level lowering and/or channel widening) in upstream 
reaches would increase, and aggradation (bed level increase as well as channel narrowing) would 
decrease the amount of sediment that is transferred downstream 

(iii)  River reach - While morphodynamics evolve with local bed aggradation or degradation, 
within the length of the river reach the sediment budget has to be balanced in a dynamic 
equilibrium to maintain the morphological condition. This is investigated based on repeated 
surveys of the channel geometry (cross section surveys or surveys including the entire channel). 
Second, the degree of artificiality is evaluated at the reach scale, since the sediment budget in a 
reach may be balanced just because of artificial interference in the channel processes. Non-
erodible crossing structures or artificial sediment supply may prevent bed degradation, and a 
narrowed channel due to groynes or repeated dredging may prevent aggradation. At any rate the 
ecological status has to be evaluated separately as well as interrelations. 

 

 



A GIS-based planning system for targeting sediment management at 
hydrographic district scale- CNRS-Lyon 

 
A GIS methodological framework was developed to support spatial analysis of stream networks 
based on disaggregation and aggregation procedures of geographical objects derived from 
remote sensing data. A spatial database of elementary attributes was generated by continuously 
measuring the stream network at the scale of high resolution spatial units derived from spatial 
disaggregation of three basic geographical objects (streamline, valley bottom, and active 
channel, the latter on a limited area).  

The methodological framework can be used to answer a large range of questions and develop 
planning strategies for restoring rivers and floodplains in the context of constraining legislative 
frameworks at the national scale (e.g., the Water Framework Directive within the European 
Union).  

Since it is a shared database, it is also possible to accumulate data over time, improving 
techniques used, recalculating procedures and testing hypotheses, allowing both progressive 
regional understanding of geomorphic features, and providing objective information for 
targeting actions. 

 



A GIS-based planning system for targeting sediment management at hydrographic 
district scale 

 
Schematization of the three types of nested spatial units introduced in the methodological 

framework for the GIS measurement of stream networks 



Schematization of the three types of nested spatial units introduced in the methodological  

Schematization of the three types of nested spatial units 
introduced in the methodological framework for the GIS 
measurement of stream networks.  

Network-scale  mapping  of  total  stream  power  and  location  of  
gaging  stations  –  Rhône hydrographic district. 



Effective discharge for bedload and for suspended load-BOKU 
 

Morphodynamic investigations dealing with sediment transport are often focused on the long-
term stability of river channels. The representative discharge used for these studies is called 
channel forming discharge Qcf.  

The basic concept behind the channel forming discharge is to use a steady discharge for a 
known alluvial channel geometry. Given enough time, this channel forming discharge would 
modify width, depth and slope equivalent to those created by naturally hydraulic conditions. 
Although the concept of the channel forming discharge is not universally accepted (Shields, 
2008), it provides a very helpful tool for sediment related investigations on rivers.  

To quantify the channel forming discharge Qcf the evaluation of the effective discharge Qeff, 

defined as the discharge that transports most of the sediment, represent a useful parameter for 
investigations concerning channel design.  

The following processes are suggested to determine the effective discharge: (i) create a 
frequency distribution (histogram) for discharge, (ii) create a sediment transport rating curve 
(based either on monitored or calculated bedload and suspended load data), (iii) integrate the 
two relations multiplying the sediment rate for a specific discharge class.  

 



Construction of the effective discharge: 
multiplying the discharge frequency 
histogram and the sediment rating curve to 
produce a collective sediment discharge 
histogram 

      Effective discharge for suspended load 
at the Dellach/Drau monitoring station 
using a 112 year hydrograph of the 
Oberdrauburg gauging station (10km 
upstream Dellach/Drau) 

Effective discharge for bedload and for suspended load 
 
 



Effective discharge for bedload at the monitoring station Dellach/Drau using a 112 year 
hydrograph of the Oberdrauburg gauging station (10 km upstream Dellach/Drau) 



Guideline 2-WP7- Identification of morphological impacts related to hydropower 
plants and gravel extraction 

 

Long, Medium and Short term channel adjustment : DoD and GCD Geomorphic change 
detection for assessment of both floods impacts and gravel extraction 

 
To quantify short term channel adjustment and geomorphic change, related with floods 
and gravel extractions, two consecutive LiDAR and aerial photos surveys have to be 
committed before and after a relevant flood. The data acquisitions has to be performed 
both during low flow conditions. LiDAR acquisition has to be associated with a series of 
RGB aerial images with at least 0.50 m pixel resolution. Finally, dGPS points have to be 
taken contemporarily, covering different morphological units and water stages. In order 
to apply a colour bathymetry technique to provide a precise wet area detection, 200 
dGPS points every 0.20 m of water depth have to be collected in wet areas for each 
survey. A precise DEMs of difference (DoD) can be carried out in order to quantify and 
verify whether the morphological changes occurred mostly in the dry or wet areas of 
the active channel. If the aim is to evaluate the geomorphic changes in environments 
with a significant presence of water, the bathymetric techniques are required to provide 
more precise results. 

 



Long-Medium term channel adjustment- Historical Analisis from photos  

Short Term 

Long Term 

Medium Term 

 Floods Dynamic 

 Vegetation Dynamic 

 Human Dynamic 

 



Long-Medium term channel adjustment- Historical Analisis from photos – Plan 
form changes analysis (narrow and incision) 

 

(Comiti et al., 2011) 



PIAVE RIVER  -  ITALY STUDY AREA: 

(Comiti et al., 2011) 



Guideline 2-WP7- Identification of morphological impacts related to hydropower 
plants and gravel extraction 

 
Short term channel adjustment : DoD and GCD Geomorphic change detection for assessment of  
floods impacts  in G-B-R 

 

To quantify short term channel adjustment and geomorphic change, related with floods and gravel 
extractions, two consecutive LiDAR and aerial photos surveys have to be committed before and 
after a relevant flood. The data acquisitions has to be performed both during low flow conditions. 
LiDAR acquisition has to be associated with a series of RGB aerial images with at least 0.50 m pixel 
resolution. Finally, dGPS points have to be taken contemporarily, covering different morphological 
units and water stages. In order to apply a colour bathymetry technique to provide a precise wet 
area detection, 200 dGPS points every 0.20 m of water depth have to be collected in wet areas for 
each survey. A precise DEMs of difference (DoD) can be carried out in order to quantify and verify 
whether the morphological changes occurred mostly in the dry or wet areas of the active channel. 
If the aim is to evaluate the geomorphic changes in environments with a significant presence of 
water, the bathymetric techniques are required to provide more precise results. 
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LiDAR data 

Colour Bathymetry model 

DGPS survey Aerial Photos RGB + 
dry areas 

wet areas 
Hybrid DTM: Digital terrain models 
obtained by merging two or more 
methods. 
 
LiDAR  & Colour Bathymetry 

“Hybrid DTM” 

HIGH RESOLUTION DTMS FROM LIDAR 
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(Moretto et al., 2014) 



Principal source of error in the final DTM 

For LiDAR data: 

 Point density; 

 Slope; 

 Roughness. 

For LiDAR data with colour 

bathymetry: 

 Point density; 

 Slope; 

 Bathymetry. 

DIFFERENCE OF DEMS (DODS) 

http://gcd.joewheaton.org/ 

(Moretto et al., 2014) 



HDTM  

Hybrid DTM of Belluno sub-reach (2010) 

cell size 0.5 x 0.5 m  



MORPHOLOGIC CHANGES DETECTION 

TOTAL 
Erosion:        173’484 m3 

Deposition:   103’593 m3 

y = 0.6921x - 70.891 
R² = 0.9711 
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y = 0.9455x - 150.83 
R² = 0.9739 
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Principal erosion 
(Δ > 0.2 m S > 50 m²) 

Principal deposition 
(Δ > 0.2 m S > 50 m²) 



INPUTS: 

Gb:     bed load transport rate (kg s-1); Vb:    mean “virtual” velocity (m s-1)                               V (m s-1) 

= 0.0007ln(Τ*)+0.0019 ;      ds: active depth   of sediment (m)                              ds = 2.52 Τ*0.86      ws:        

active with (m)                                                                                     (Mao et al., 2013) 

SEDIMENT BALANCE ESTIMATION 

 Solid Discharge (Qs) 
Virtual velocity approach 

 
Virtual velocity = Mean travel distance / Competent time 

 
 

 
 

                                                                                                           Haschenburger & Church (1998) 
 



PRELIMINAR SEDIMENT BALANCE ESTIMATION 

ΔV   = - 69’819 m3 

 

 
V. Erosion 
173’484 m3 

V. Deposition 
103’593 m3 

V. Input ~ 36’777 m3 

V. Output ~ 106’668 m3 

Upstream 
 section 

Belluno 
Reach 

Time step of analysis (t): 
 August 2010 and April 2011 

Floods of November  
and December 2010 



REMARKS 
 

The rasters of difference (DoD) highlights the consequences of the flood events of November–
December 2010, indicating that deposition and erosion areas are more concentrated in the 
wet areas.  
 
In the analysis of braided morphologies, the calculation of not corrected estimations of change 
in those areas can lead to volumetric results far from the real values. 
 
It is also possible to simulate floods (2D CFD Models) in reach lengh of  
2-3 km with good definition of erosion and deposition areas after flood events  (Kaless et al., 
HP, 2015, simulation on the Brenta River with the application of the some approaches).  



 REMARKS 
 

According to Mao et al., 2013 virtual velocity approach (using Haschenburger & Church, 
1998 formula) seems offer realistics results in function of available data and the formulas 
calibrations available. 
 
The formulas to estimate sediment transport needs an ad hoc calibration. An oggettive 
method of volume estimated control have to be developed. 
 
Despite events lower than bankfull discharge seems that, on Piave river, significant 
morphological changes can be possible. 
 
An adeguate and precise tophography description of the study area  are essential to 
minimise the error of the different approaces to minimise the final uncertainty on 
sediment transport evaluation. 



Large Wood (LW) management within SedAlp and WP7 

 

The assessment of wood mobility and transport rates is even more subject to uncertanty 
compared with bedload.  

 

This is because the transport processes is not  ONLY influenced by the, Ql, water discharge, 
but also by aspects related to wood potential (quantity, volume, m3) and input to the 
channel.  

 

The latter are difficult to describe and even more complicated to quantify, because some 
kind of  «seasonal» effects have a hight impact, like time since the last flood event, 
occurrence of storm events, shalow landslide, landslide, debris flow, avalanches, wind 
consequences, silvicultural measures, volcanic eruption; just to mention a few of them. 



Large Wood (LW) management within SedAlp and WP7 

Studies focusing on wood mobility and wood transport are very recent. It is only an emerging 
topic, far from being as mature as the one on bedload transport. Nevertheless wood related 
topics are becoming very important. 

 



Large Wood (LW) within SedAlp and WP7 

Because European montain environments as well as river and torrent margings are becoming 
more and more forested, flume displacement is element of nature-oriented hydraulics 
construction contrasting with more and more narrow cross-sections at bridges, in settlements 
and so on.  

For flooding risk purposes, major research investment must be done on this issue.  



Large Wood (LW) within SedAlp and WP7 

 

Significant progress has been done on monitoring 
stations and tools now exist to monitor wood flux from 
videos (see monitoring station CNRS-Lyon, H. Piegay et 
al., WP5-SedAlp) 

 

or photos 

 

(see monitoring station on Tagliamento River,  Bertoldi 
et al.,) 

Original image
(video stream)

Static mask
We look at pixel colour:

are they likely to belong to a wood block?

Temporal mask
We look at pixel intensity evolution:

are they likely to have changed from water 
to wood or vice versa?

Combined mask
We combine both masks:

high values are likely to belong to wood 
blocks

Objects extraction
We segment the image and keep the 

biggest connex components only

Object tracking
We match components from successive 

images, then record or reject them as wood 
blocks according to their trajectory

Characterization
We extract characteristics like boundaries 
and skeletons from objects. They will help 

us determine their type and dimension

Orthorectification
We rectify the image and finally determine 

the metrics of our object



Large Wood (LW) within SedAlp and WP7 

In term of hydraulic modelling, new algorithms have been developed recently (e.g. Iber) and it is 
possible to model wood entrance, transport and deposit but validations still need to be done to 
improve predictions and physics on which these models are based (e.g. buoyancy, piece 
geometry, decomposition…). 

 

 

 



Large Wood (LW) within SedAlp and WP7 

Large Wood Precision Prototyping and 3D-Hydraulic CFD Modelling 
(Yong Lai et al., 2015) 



Large Wood (LW) within SedAlp and WP7 

This question needs also to be improved from observation and process monitoring using flume 
experiment as well as in situ surveys using notably GPS or RFID tracking.  

Preliminary empirical formulae based on catchment size are also available but additional efforts 
are still needed to asses their regional applicability and also better link wood volume delivered 
with a certain frequency. 

 

Principal factors on a Large Wood 
balance to consider! 



Large Wood (LW) within SedAlp and WP7 

WP7 Key Findings –  Conceptual model developed for GIS-systems for estimation of LW storage 
and distribution within the channel network –UNIPD-TeSAF Dep. 

 

 
Significant progress has been done on assessment of LW 
storage and distribution within the channel network. 
 

Flowchart describing recruitment and transfer  to the channel 
network of LW as performed by the conceptual model and 
applied to the Cordevole basin, Veneto Region. Validation of the 
model was done  
At Alleghe Lake, A = 350 km2, and extrapolated to the total Basin 
Area,  
Total area A = 650 km2, at the confluence with the Piave River. 
LW distribution in the river network was obtained for 3 scenarios: 
a) Normal floods Qbf 
b) Ordinary floods 
c) Catastrofic floods, > 100 year TR 



Large Wood (LW) within SedAlp and WP7 
WP7 Key Findings –  Conceptual model developed for GIS-systems for estimation of LW storage and 
distribution with the channel network  - Medium value  50 m3/ha- 50 m3/km (if wide = 10 m.) 
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WP7 Key Findings – Hazard proof bridge structures with respect to wood transport.  

Analyzed technical 
modifications of a 
standard bridge  

 
Bolzano Province & 

University of Insbruck 

Large Wood (LW) within SedAlp and WP7 



Large Wood (LW) within SedAlp and WP7 

WP7 Key Findings – In situ Surveys on LW mobility and transport Using notably GPS or RFID 
tracking-UniPD-Tesaf Department; 

 

 

 

 

 

 

(Ravazzolo et al., 2015) 
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Observation and processes monitoring using flume experiments as well as 
insitu surveys using GPS or RFID tracking device 

 

This has to be done for average transport situations but also for flood events (event 
documentation) to gain insight in the wole span of transport situations. 

 

Related to the special influences on wood transport such observations have to be linked to 
the development of boundary conditions until the current situation. 

 

It is expected major advancing in this domain within the next 5 years. 
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to the development of the WP7 Final Report, Guideline 1 and 2 (Sediment management 
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WP7- GENERAL CONCLUSIONS & RECOMMENDATIONS 

The geologic and hydrologic settings of hydropower plants-reservoir vary widely, and thus no one 
approach is suitable for all sites. Quantification of upstream sediment yield to the reservoir-
hydropower plant, with projection of reservoir sedimentation rates into the future as well as 
management based on more sustainable principles are needed.  

Long-term and large scale perspectives of the stream network must to be considered in the sediment 
management.  

In order to better define the availability of transportable sediment and large wood, must be taken 
into account both basin and channel characteristics and processes as to be able to define the most 
appropriate approaches and tools to estimate sediment and wood budgets.  

For an efficient structure design, appear mandatory the analysis and consideration of different 
scenarios based on the existent sediment continuity, torrent control strategies and control structures 
characteristics. 

The main aim of the sediment management strategies must become the decrease of negative 
impacts, on riverine environments, related to hydropower plants and gravel mining activities. The 
identification of problems and methods of solutions should be addressed through the collaboration 
of policy makers, practitioners and researchers, taking into account the following recommendations. 

 



RECOMMENDATIONS FOR POLICY MAKERS 

The policy makers have the fundamental role to promote data sharing and experience with common 
informatics databases for more robust evaluations of sediment and wood budget.  

There is a need to bring law and science closer together in terms of reality and processes. Old laws 
should be amended, providing mechanisms for encouraging landowner to reduce erosion and 
siltation.  

Policy makers should be aware that methodological frameworks, to answer large range of questions 
and to develop managing strategies for restoring rivers and floodplains in the context of constraining 
legislative frameworks (e.g. the Water Framework Directive and the Floods Risk Directive within the 
European Community), are necessary.  

Policy makers has to incentivize good strategies of sediment and large wood management, funding 
long-term monitoring programmes encouraging cycle management approaches in lieu a design life 
approach.  

In fact, sediment management, operation and analysis cannot be any better than the data on which 
they are based. Thus, data collection efforts should be emphasized, as well as data sharing among 
agencies and political institutions. 

Downstream reaches needed also accurate long-term monitoring of suspended sediment 
concentrations and suspended sediment load assessment in relation to fish and aquatic habitat 
management, conservation and restoration. 

 



RECOMMENDATIONS FOR PRACTITIONERS 

Practitioners should be aware that a knowledge of hydrological regime of the entire basin, geological 
settings, as well as lithology and the type macro and micro fauna are fundamental to better define 
the reservoir maintenance and management.  

The availability of long-term, accurate hydrologic and sediment data are essential for the purpose of 
operation, management and for analysing impacts. This should include, as a minimum, hydropower 
plant-reservoir sedimentation surveys, with suspended sediment sampling and monitoring of reaches 
downstream likely to be affected by sediment starvation, bypass, flushed sediment, etc.  

Gravel are trapped with 100% efficiency in most reservoir-hydropower plants, commonly leading to 
gravel deficits downstream, and it is rare that gravel can be sluiced or flashed except in small 
hydropower plant-reservoirs. Sluicing and flushing work best with finer grained sediments, which in 
any event, are usually the vast majority of sediment. In all cases, it is essential that the calibre of 
sediment coming into a reservoir be known to effectively operating for it.  

Another important recommendation is to take into consideration the sediment connectivity 
between the upper and lower river reaches. In this context, should be important to consider and to 
analyse both types and characteristics of all the human structures built along the river network. 

 



RECOMMENDATIONS FOR RESEARCH/ACCADEMIC 

An integrated collaboration between different scientific disciplines effects (e.g. engineering, 
ecological, geological, and morphological) is fundamental to improve the knowledge on sediment 
management.  

An integrated and more precise estimation of sediment and wood budget at different spatial and 
temporal scales is needed, such as a more thoroughly analysis of the interaction between 
sediment-wood and transversal structures.  

Both bed load and suspended load sediments are important to river systems. Not only do 
hydropower plant-reservoirs trap different grain sizes with different efficiencies. It is important to 
understand downstream sediment impacts and to plan for them. The transport characteristics, 
trapping potential and downstream impacts of fine and coarse sediment are quite distinct, and 
should be considered separately.  

Researchers should be aware that new techniques of reservoirs and transverse structures 
management solutions should be focused on the sediment continuity, seeking to balance 
sediment inflow and outflow across the reservoir while maximizing the long-term benefits and 
minimizing impact on the riverine environment and maintain the biological diversity. 

 

 


