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Workpackage 6: The influence of woody floodplain vegetation on flow resistance properties

Participating partners: 

University of Cambridge (UK) (1) 

Université Joseph Fourier – Grenoble 1(F) (3) 

Universite Blaise Pascal - Clermont Ferrand (F) (associated institution)

3.1 
Objectives

The objectives of Work Package 6 for this third annual reporting period have been as follows:


Continuing flume studies of roughness properties of artificial vegetation elements, and statistical analysis of the resulting data.


Use of 1-D step-backwater modelling to assess roughness of woody vegetation.


Mapping of vegetation structure and roughness on the Isère and Allier Rivers.


Development of modelling of vegetation, flow structure and sediment transport.


Development of instruments for observation of overbank flow in vegetated channels.


Liaison with another EC-funded project with a focus on floodplain flow (RIPFOR).


Completion/defence of a Ph.D. thesis (originally for week 36 of the project). 


Experimental investigation of flow resistance of floodplain trees in collaboration with the RIPFOR project, at the Wienfluss natural-scale flume, Vienna


Further investigation of 2D and 3D modelling of flow in flooded rigid vegetation


Production of deliverables


Dissemination of results : preparation of Papers, Ph.D. thesis


Investigating possible follow-up actions and research opportunities, including preparation of a Framework Programme 6 proposal in conjunction with members of other FP5 projects (RIPFOR, HARMONICA), and with the originators of Expressions of Interest (RIVERSCAPE), in addition to the FLOPRIM EoI developed and submitted by members of the FLOBAR2 team. 

3.2 
Methodology and scientific achievements 
This Work Package is concerned with the effect of vegetation on inundation and channel change (transport, erosion and sedimentation). It provides an important counter-balancing Work Package to those whose focus is on floodplain ecology and biodiversity, since its aims are to understand better the effects of woody floodplain vegetation on flow hydraulics, water levels, and sediment transport, and therefore on other floodplain functions (such as flood control and  management). The historically-perceived opposition of flood control and the existence of natural floodplain vegetation is being contested, as re-naturalised floodplains with wet woodlands are conceived as sites for flood storage and attenuation. However, there is a need for more research into the processes of interaction between vegetation and flow and sediment floodplains, and this has been initiated in the Work Package 6 research outlined below. In addition, there is a need for research of the kind promoted by Work Package 7 into the institutional background within which flood management and biodiversity issues are evaluated and variously interpreted as conflicting or complementary.

Flow through vegetation

During the third year of the project, continuing research into the flow resistance associated with woody vegetation took place in the laboratory flume in Cambridge. This involved a series of experiments with rigid dowels, examining the roughness of different densities and arrangements of stems. The data have been analysed to derive relationships between the roughness coefficient and the upstream depth increase, and the stem properties. This complements research conducted by the Grenoble team. In order to test the models produced by these experiments at “field” scale, contact was made with the RIPFOR project team (led by Professor Peter Ergenzinger, Free University of Berlin). Professor Richards (co-ordinator, FLOBAR2) attended a RIPFOR project meeting held at Breisach on 29 Sept-2 Oct 2002, and then visited the RIPFOR large-scale flume facility on the Wienfluss River, Vienna, Austria. Equipment was then designed and constructed in order to undertake measurements in the artificial floods in the Wienfluss flume. This equipment includes a nest of 21 conductivity sensors and a tipping-bucket device, which has been used to inject salt solution into the “wooded”, “floodplain” section of the flume so that average velocity can be calculated.

Data were collected during RIPFOR Wienfluss experiments in October and November 2002, using conductivity and dye tracing methods (with the 21 conductivity sensors and three video cameras). The results have provided simultaneous surface and subsurface velocity estimates, and show how the flow orientation and sinuosity affect the mean velocity through floodplain vegetation. They also suggest that it is possible to estimate floodplain tree roughness from the density and pattern of “rigid” stems, but that the bed surface roughness is often a large influence on the total flow resistance, and therefore has to be assessed independently.

Vegetation patterns

One difficulty with the assessment of flow resistance of floodplain vegetation is the dynamic nature of the vegetation on various time scales, from the seasonal to the decadal. The seasonal variation is captured by experiments in the Wienfluss at various times of the year, and an additional experiment may be undertaken in July 2003 in order to ensure that the effects of summer foliage are captured. Investigations on the Brignoud Island in the Isère River north of Grenoble provide valuable data on the evolution of plant physiognomy and assemblages during the early succession process, with detailed field maps being constructed to illustrate zonation of the vegetation into regions with varying vegetation density, size, and roughness.

On the River Allier longer-term assessments of channel change have been undertaken using old maps and aerial photographs (the latter covering 50 years). Floodplain turnover has been shown to be about 40% over 50 years, especially in a sedimentation zone in the downstream part of the study reach. This study has resulted in a very detailed GIS database on land cover changes in the floodplain zone, on morphological properties of the channel, and the changes have been and are being examined against the hydrological records.

Assessment of floodplain transformation in relation to river hydrology

Part of the reason for investigating vegetation patterns both on the Brignoud island and in the Allier is to explore the effects of vegetation on sedimentation and floodplain morphology. At the Brignoud site on the Isère measurements have been made of water levels, flow patterns during overbank flow have been inferred from vegetation alignment, and deposition patterns have been related to the island’s topographic and vegetational changes. Mapped patterns of deposition and grain size have been shown to differ between 1999 and 2000, because the elevation of the surface has changed. A trench dug through the island revealed the sedimentary horizons associated with previous floods, and enabled analysis of the varying thickness of these layers and their grain sizes. Thin layers were deposited at the beginning of the aggradation, but the most recent floods have been responsible for the deposition of large amounts of sediment amongst the dense vegetation. These data have been related to specific flood events over the last 15-20 years. It has been possible to effect clear dating of the layers, and therefore of the history of the floodplain aggradation. The total thickness of sand deposit is 2.60m over the underlying gravel bar.

One-dimensional modelling of a lengthy river reach

Ultimately, the understanding of the effects of vegetation on flow resistance and sediment transport at local scales must be used to enable predictions to be made of the role of vegetation over longer reaches where flood management can take account of these influences. Research has focused on this problem in relation to the 50 km reach of the Isère river upstream from Grenoble. Here, a 1-D numerical model of the river has been built and calibrated. It permits both steady and unsteady flow simulation (solving the Saint-Venant equations with a finite difference method). As reported in previous years, this model has been used to examine the trend of increasing water level for given discharges over this reach. In addition, a sediment budget study for this reach has separated the lower main channel (gravel) and the upper (silty-sand) parts of the cross-section. The lower part shows slight upstream erosion and downstream deposition (implying a change in the overall slope), while the upper part of the cross-section shows aggradation, especially in the most vegetated sections – this is because of deposition of fine sediment in these reaches. 

The 1-D modelling has thus been undertaken over this 50km reach, with roughness being permitted to vary both across each section and between sections, and with cross sections distinguishing different elements of the section, including the bed, the banks and the flood plain. The simulations were used to evaluate the effects of changes in floodplain roughness and aggradation of the bed and/or floodplain. The initial simulations without variable roughness and a distinction between upper and lower elements of the cross-section confirmed that the celerity of flood wave propagation increases with discharge; but did not confirm the reduction of wave celerity which has been measured since colonisation of  floodplain areas by vegetation. Further simulations have demonstrated that increased measured flood levels are actually the consequence of bed aggradation and vegetation growth on floodplain areas in combination. Simulations have therefore been undertaken to compare the effect of different treatments on vegetated flood plains: for example, clear cutting of vegetation only, or cutting with scraping of deposited sandy material. 

Sediment budget analysis

At the macroscale, a quantitative analysis of the sediment budget for the 50 km reach of the Isère river has been completed. This involved refining estimates of the sediment load entering the river reach, describing the behaviour of bedload and suspended load transport, and assessing the pattern of sediment deposition and bed erosion. An original method was developed for comparative analysis of the series of cross-section profiles, allowing the separation of fine sediment deposition onto flood plain areas during floods. The accumulation of fine sediment (silt and fine sand) on the upper regions of cross-sections is directly related to vegetation cover of these flood plain zones. On the other hand, sediment deposition in the lower parts of cross sections is essentially related to the river slope. This analysis shows that the river is recovering some part of its natural bed load mobility which had been drastically reduced during the last decades by gravel mining.

At the microscale, attention has been given to modelling sediment transport by overbank flow occurring amongst woody riparian vegetation. This has adopted a strategy of distinguishing between degrees of submergence and emergence in two-level vegetation, and has examined theoretically the flow conditions in a two-level flow profile including an upper zone in which flow resistance is provided by emergent trees, and a lower zone in which the flow is occurring within a submerged ground-level vegetation canopy. This has give insights into the transport process, and has been used to predict patterns of transport and deposition (and could in due course be used to predict the deposition of sediment layers associated with individual flood events, such as those observed over the Brignoud island.

3.3
Socio-economic relevance and policy implication

Work Package 6 has addressed questions raised by proposals to reinstate the natural function of floodplains in the flood management process. In some cases, this function may be exploited as an adjunct to an ecological restoration scheme (a win-win scenario), while in others such restoration may be in competition with the demands of flood control. This latter context applies to the case of the Isère where vegetation encroachment onto bars and islands within the protected channel has resulted in increasing flood levels, and the management issue is to understand the relative importance of the direct effect of vegetation on flow resistance, and the indirect effect of vegetation on sedimentation and reduction of cross-section area, and then to determine how to manage the vegetation to minimise these effects.

Such issues are highly relevant to to the assessment and management of the ecological health of catchments as required by the Habitats and the Water Framework Directives, and Natura 2000, and the balancing of various environmental management options by the relevant national institutions. The variable potential for conflicting and complementarity of management objectives depends on national, regional and local priorities, and the way in which various drivers and constraints interact to affect the development of a restoration scheme in a specific local context (see Work Package 7).

3.4
Discussion and conclusion

Floodplains offer a wide range of natural functions, or services: agriculture, forestry, recreation, landscape enhancement, biodiversity, flood defence. There are also many different stakeholders and funding sources (eg those associated sources with nature conservation, flood defence, extensive agriculture), many often contradictory policy targets (eg, for biodiversity or sustainable forms of flood management), and limited availability of sites suitable for restoration.

It is thus critically important to understand the natural processes that underlie the functions or services offered by floodplains in order that they can be optimally managed for multiple purposes, and that institutional limitations do not inhibit this. The research undertaken in Work Package 6 therefore contributes to the creation of a body of scientific knowledge that can be incorporated into the development and implementation of sustainable forms of policy for floodplain management. A key lesson from FLOBAR2 has been to recognise the importance of a multi-disciplinary approach to the scientific understanding of floodplain processes, and to the management of floodplain environments.

3.5 
Plan and objectives for the next period

Although the FLOBAR 2 project concludes with this reporting period, the project has been an extremely valuable means of creating such a multi-disciplinary research community. The value of this kind of community has been highlighted by events and developments in Europe during the lifetime of the project (for example, the Water Framework Directive, and the occurrence of serious flooding across Europe). Accordingly, it has been seen as an essential requirement that the FLOBAR2 team should, if at all possible, be augmented and strengthened for the future, and to this end a concerted effort has been made to create, successfully, an equally multi-disciplinary grouping for a Framework 6 proposal, namely the Integrated Project called RHEOSIM (Restoring the Health of riparian EcOsystems: Services, Institutions, indicators and Models). This was submitted by the call deadline of April 8, and the outcome is awaited. If bid is successful, findings from Work Package 6 will constitute an important knowledge base for the research teams engaged in Work Block 1.

