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Abstract

The state of river channels and their riparian zones in terms of geomorphology and vegetation has a significant effect on water and sediment
transport in headwater catchments. High roughness in natural rivers due to vegetation and geomorphological attributes generate drag on flowing
water. This drag will slow water discharge, which in turn influences the sediment dynamics of the flow. The impacts of changes in the management
of rivers and their riparian zone (either by catchment managers or river restoration plans) impacts both up- as well as downstream reaches, and
should be assessed holistically prior to the implementation of these plans.

To assess the river’s current state as well as any possible changes in geomorphology and vegetation in and around the river, effective approaches
to characterise the river are needed. In this paper, we present a practical approach for making detailed surveys of relevant river attributes. This
methodology has the benefit of being both detailed - describing river depth, width, channel morphology, erosive features and vegetation types —
but also being practical in terms of time management. This is accomplished by identifying and describing characteristic benchmark reaches (typical
sites) in detail against which the remainder of the river course can be rated. Using this method, a large river stretch can be assessed in a relatively
short period while still retrieving high quality data for the total river course. In this way, models with high data requirements for assessing the
condition of a river course, can be parameterised without major investments on field surveys.

In a small headwater catchment (23 km?) in southwestern Poland, this field methodology was used to retrieve data to run an existing model
(HEC-GeoRAS) which can assess the impact of changes in the riparian and channel vegetation and channel management on sedimentation processes
and stream flow velocity. This model determines the impact of channel morphology and in-channel and riparian vegetation on stream flow and
sediment transport. Using four return periods of flooding (2, 10, 20 and 100 years), two opposing channel management / morphology scenarios were
run; a natural channel and a fully regulated channel. The modelling results show an increase in the effect of riparian vegetation / geomorphology
with an increase in return period of the modeled peak discharge. More natural channel form and increased roughness reduces the stream flow
velocity due to increasing drag from flow obstructions (vegetation and channel morphological features). The higher the flood water stage, the
greater the drag due to vegetation on the floodplains of natural river reaches compared to channelised sections. Slower flow rates have an impact

on sediment mobilisation and transport in the river.
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\ Introduction

Riparian vegetation and channel management in headwater
catchments play an important role in the resulting water and
sediment dynamics of rivers further downstream (Wainwright
et al., 2003; Gao, 2008). Detailed knowledge about the quantity
and timing of water and sediment delivery from upstream
headwater catchments is essential to effectively manage
flooding potential (Vanacker et al., 2007), increase the life
expectancy of downstream reservoirs (Saavedra, 2005;
Liangang et al., 2011), and reduce the impacts of sediment
accumulation in navigable fairways downstream.

There are a number of river channel and riparian zone
attributes especially in the headwaters that directly impact
upon the delivery of water and sediment further downstream.
These include flow retardation caused by vegetation within the
channel and on the river banks, channel sinuosity, multiple
channels and flow paths, and channel and bank roughness due
to natural bed and bank variability. Flow retardation results in
back water effects which increase the flood frequency and
duration of floods within a headwater catchment (cf. Newson &
Large, 2006). Furthermore, the resulting flood hydrographs
have a longer flow duration with lower peak flow rates (Lane et
al., 2007) resulting in decreased sediment transport capacity.
This reduction of flow competence can result in changes in the
sedimentary regime of the channel with fines in the form of
suspended load becoming more dominant over traction and
bed-load transport. Jones et al. (2000) identified that the total
amount of suspended sediment represented the most important
cause of river impairment. Furthermore, suspended sediment
often acts as a transporting agent for carrying nutrients, trace
metals, semi-volatile organic matter, and pesticides (Jones et
al., 2000), with detrimental effects on the physical, chemical,
and biological properties of aquatic ecosystem (Newcombe &
Macdonald, 1991; Lewis et al., 2006).

Assessing the total suspended sediment loads in rivers using
empirically-derived criteria is essential for establishing the
sediment threshold that aquatic vegetation can tolerate without
significant habitat and biodiversity loss (Fitzgerald et al., 2001;
Kuhnle & Wren, 2005). Information on the suspended sediment
dynamics of a river and its catchment is also significant for the
development of effective erosion management and pollution
control strategies (Gao et al., 2007), and for designing and
operating efficient irrigation systems and river regulation
facilities (Mizumura, 1989).

Detailed information about a specific headwater catchment
in terms of channel and riparian zone morphology and vegetation
condition, and current vegetation and management practices
within the riparian zone requires standardised field surveys
(Sear, 1994; Niezgoda & Johnson, 2005) and modelling (Williams
et al., 1997; Kondolf et al., 2007). This information can then be
used in sediment and water discharge models. However, current
methodologies, especially for sediment-related projects, have
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limited standardisation and are therefore difficult to repeat or

compare. Furthermore, most methodologies either focus on

channel morphology or vegetation only, or merely focus on

single, isolated river reaches (Wohl et al., 2005).

The aim of this study was three fold:

1. To make a simple field survey tool to assess the current
state of the headwater riparian zone morphology and
vegetation.

2. Using a model to assess the impact of riparian and channel
vegetation and channel management on flow and
sedimentation processes.

3. To assess the impact of river management for two
contrasting scenarios: (a) fully regulated channel devoid of
riparian vegetation, and (b) a channel and riparian zone in
natural state.

| Study area

This study took place in a 23.1 km? headwater catchment
within the Upper Nysa Szalona catchment (443 km?; Fig. 1a, b)
in southwestern Poland. Mean annual precipitation for this
region is 760 mm (1977-2006). Relief ranges from 330 m in the
north to 666 m in the west, with slopes varying from 0 to 25.5°.
Soil types are predominately cambisols and podsols developed
on crystalline or sedimentary rocks. The geologic structure
in the catchment (magmatic, sedimentary and metamorphic
rocks) determines the appearance of the channel bed, with the
upstream riverbed comprised mostly of cobbles and bedrock
(slate) with occasional larger boulders.

Alarge part of the Upper Nysa Szalona catchment (as at 2008)
remains in a natural state with 39% forested, 16% pastures,
39% agricultural fields, with the remaining 5% urban (Fig. 1c).
The upper reaches of the catchment remain largely natural,
whilst further downstream, natural to semi-natural reaches
occur frequently (Figs 2b and 2c).

' Methodology

Field survey: geomorphology and vegetation mapping

To create a database of the current state of the channel and
riparian vegetation, we developed a tool to classify the entire
river. Several characteristics of the river channel and riparian
zone were mapped; the morphology, the vegetation types and
vegetation cover. These characteristics were used to classify
the river reaches.

The classification system of Rosgen (Ducros & Joyce, 2003;
Simon et al., 2007) was adapted to map both channel and
floodplain geomorphology and vegetation with individual
reaches identified, surveyed and classified. Vegetation cover
was mapped using a field based evaluation tool for riparian buffer
zones within agricultural catchments known as a ‘Buffer Zone
Inventory and Evaluation Form (BZIEF)" which incorporates a
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Fig. 1. a. Location of catchment in Poland; b. Location of Upper Nysa Szalona sub-catchment within the Nysa Szalona catchment; c. Land use in the Upper

Nysa Szalona (as at 2008).

criteria-based scoring system (Ducros & Joyce, 2003). Vegetation
types were mapped using regional vegetation atlases (Atlas of
Lower and Opole Silesia, 1997). The attributes of the studied
reaches were summarised in tables and maps, which were geo-
referenced and processed in a GIS database (Fig. 3).

River discharge

Stage-height measurements at the river outlet (Fig. 1c) were
converted to discharge using a rating curve. An average discharge
of 0.78 m3/s (average flow velocity of 0.46 m/s) was measured
for the period of field mapping. Flow data were compared with
the historical record at the outlet of the larger basin of the
Nysa Szalona (see Fig. 1b for location). From the historical
data, the flood height with a return period of 2, 10, 20 and 100
years return periods for the Nysa Szalona catchment were
derived. By comparing the headwater catchment (the study
area) and the larger historical data set, a conversion factor was

a. b.
Fig. 2. Examples of the channel and the adjacent riparian zone. a. fully requlated; b. natural reach; c. Semi-natural reach. Photo a and b by E. Kondrlova.
Photo c by A. Czajka.
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determined between the large and the smaller catchment from
which flood height recurrence intervals (2, 10, 20 and 100 y
return periods) were calculated.

Modelling riparian vegetation and channel morphology
impact on discharge using HEC-GeoRAS

After the initial field survey involving detailed cross sectional
information and discharge measurements of the river channel,
riparian zone morphology and vegetation, the HEC-GeoRAS
(USACE, 2006) model was used to assess the impact of riparian
and channel vegetation and channel management on sedimen-
tation processes and stream flow velocity. The HEC-GeoRAS
model calculates the water-surface profile through a river
reach for a given flow rate. Furthermore, the impact of riparian
vegetation and channel characteristics can also be modeled
(e.g. Ghafari et al., 2010). This 1D model can simulate both
steady and unsteady flows but in this study, we assumed

C.
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Fig. 3. Example of geomorphological (left) and vegetation condition (right) mapping of reach L.

steady state flows. Under steady state flow conditions, HEC-
GeoRAS calculates the water surface elevation (WSE) and velocity
profile for a given cross-section taking into account continuity,
energy and flow resistance (e.g., Manning's equation).

To assess the impact of river management, two contrasting
scenarios were modelled: a fully regulated channel without
riparian vegetation (scenario REGULATED); and a channel and
riparian zone which was in a natural state (scenario NATURAL).
To make the scenarios as real as possible, actual situations in
the current channel were used to construct the scenario cross-
sections.

Input data for HEC-GeoRAS

Input for the HEC-GeoRAS model includes a DEM of the river
valley and cross-sections through the reaches of interest at
intervals sufficient to allow hydraulic calculation of the WSE
between cross-sections, flow rates for each profile and the
estimated hydraulic roughness of the river channel and overbank
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areas. The model output provides detailed hydrological data for
each river reach between the cross-sections and the calculated
water-surface elevation (WSE) at all cross-sections for each flow
rate. The WSE can then be used to map the extent of inundation
in the river valley that would be expected during each modeled
river flow rate. Under steady flow, the model requires cross
sections, delineation of the channel and discharge estimations
for each cross-section. The model was run for a range of flood
return intervals (2, 10, 20 and 100 years) to estimate variations
in flow velocity.

HEC-GeoRAS requires many more cross-sections along the
river channel than the 11 cross-sections that were mapped
during the field work (Fig. 4). Therefore, the mapped cross-
sections were extrapolated to reaches that were not mapped.
In some river sections, it was necessary to reconstruct the
floodplain cross-section from the DEM and the topographical
map as the surveyed cross-sections were too narrow.

Apart from cross-sectional information, HEC-GeoRAS requires
as input the roughness parameter, Mannings’ n. This was derived
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using details from vegetation maps and mapped river
morphology. The Mannings’ roughness coefficient of a channel
was computed using the formula of Arcement and Schneider
(1990). To characterise vegetation cover, Global Canopy Cover
(GCC) values were used.

\ Results

A new approach to channel and riparian zone
assessment

The extrapolation of detailed measured riverine sites towards
full coverage of a river represents a new approach in establishing
a quick but relatively accurate way to map an entire river course
in a small catchment. To accomplish this, key representative
sites needed to be identified along the entire river from which
detailed geomorphological mapping of these sites was developed
using cross-sections, in combination with topographic maps at
25 m up and downstream from each cross-section. Key attributes
such as flow obstructions, undercutting of river banks, bank
slope, sinuosity of the reach, multiple channel, channel
narrowing or widening and floodplains were documented and

Nlow

Fig. 4.

study area. Criteria 1-4 are shown whilst

Riparian zone attributes in the

Criteria 5 highlights the position of mapped
sites L-S and the division of the Nysa
Szalona river channel into 3 reaches: upper
(Nup), middle (Nmid) and lower (Nlow).

mapped. Along the Upper Nysa river, nine sites (Sites L-S) were
mapped highlighting the nine different states evident along
the river (Fig. 3a).

From the field survey we observed that natural pool-riffle
alternation is the most typical state for the studied stream (Fig.
2b). Riffle areas consist of cobbles accompanied by occasional
boulders. Pools are typically lined with finer sediments (gravels
and silt). Where bedrock outcrops, the river morphology changes
from a pool-riffle to a step-pool morphology. Channelisation in
the lower reach (Nlow, Fig. 4) acts as a barrier to the regular
spacing of deep pools and shallow riffles in the stream channel
and sediments generally consist of gravels; in stark contrast
to the frequent boulders in the natural stream sections.
Channelised segments display lower sinuosity (P <1.2) resulting
in comparatively higher flow velocities. In upper reaches, the
flow velocity is influenced by obstructions present in the
channel (Abernethy and Rutherford, 1997). These obstructions
were mapped according to three categories depending on the
width of observed barriers, and the percentage of the rivers
width it is blocking (Fig. 5). Barriers to stream flow included
fallen trees, leaves, dense plant growth, boulders, and human
flood debris. In Upper Nysa Szalona, barriers covering >25% of
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Fig. 5. Frequency histograms summarising the spatial criteria shown in Figure 4.
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the wetted channel width occurs on 26% of the channel area
predominately in the lower part of the NUp reach and in the
NMid reach (Fig. 4). In the middle reaches (NMid, Fig. 4) short
channel sections with obstacles (~10 m) alternate regularly
with long sections without obstacles (~50 m). Reaches with
in-stream barriers displayed higher sinuosity (P >1.5) in most
cases (Fig. 3).

Channel characteristics and management

In the upper and middle reach (Fig. 4, Nup and Nmid), bedrock
banks create a step-pool morphology (Fig 2b). In the lower
reach (Fig. 4, Nlow) the channel is alluvial, consisting of
cobbles and gravels (Fig 2c).

Management of the channel and its banks differs along the
stream. Some segments have not been altered and thus
maintained in their natural condition, whilst other sections are
fully regulated with artificial embankment (Fig. 2a). The
riverbeds of the artificially embanked channel segments
consist of cobbles riprap, and sometimes flagstone paved, while
one or both stream banks are built up with granite blocks.
Requlated segments are located where the stream flows
through residential areas. In upper Nysa Szalona (Nup) 7% of
the riparian zone is fully channelised. Full requlation of both
banks can be observed in the middle reach (Nmid) (site Q) and
predominately in the lower reach (Nlow), where these
segments alternate with grassy stream segments (Fig. 5). The
upper middle (Nmid) reach shows high variability between
embanked and natural segments while in the lower middle
(Nmid) reach, regulation is evident on both banks with
alternating natural segments, while the lower reach (Nlow) is
fully embanked/channelised.

Agricultural fields

- Forest

" Pasture

Young forest
| Village
I ciy

- Waterway

O  Extrapolated sites

Fig. 6. Land-use map of Upper ® Measured sites
Nysa with mapped cross-section

and extrapolated reaches.
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Vegetation cover characteristics and vegetation
roughness

Characterisation of vegetation cover of the channel and
riparian zone for the purposes of a GIS consisted of detailed
species determination of trees, shrubs and most dominant
herbs. Grasses, creating an uninterrupted layer, were taken
into account but the species were not specified. As we planned
to visualise all vegetation types in one layer of the GIS, we had
to adjust field mapping to this goal and generalise sketching.

When characterising the tree layer, every mature tree was
individually visualised by a circle mark. Every species of tree
(or shrub) was classified with different colours. When the
young trees were close to each other, these were classified as a
group of young trees (Fig. 2). We did not visualise the placement
according to treetop width, since the crowns created in most
cases a full canopy. Very young trees were added to the shrub
layer. Drawing the shrub layer on the map was done similar to
the young tree groups. When mapping the lowest layer (grasses,
mixed vegetation and herbaceous) the most dominant species
were detected in the late spring aspect. In general mapping of
all vegetative layers was focused on the dominant species and
spatial location, quantity was estimated to give the total
percentage of abundancy for each layer.

Manning’s n values for riparian vegetation ranged from
0.033-0.1053, and for every value in this range, a C-factor value
was assigned from 0.05-0.9. Other land use forms (e.g. arable
land, forest, pasture etc.) were given unique values (0.271; 0.05;
0.015 respectively). The land use/land cover of the remainder
of the catchment was mapped using geo-rectified Google Earth
images (Fig. 6).

4 Kilometres
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Benchmark sites: combining geomorphological and
vegetational characteristics

By combining the detailed vegetation and geomorphological
mapping, 14 typical sites were identified (sites A, B,C, D, E, H, L,
M, N, 0, P, Q RandS; Fig. 6 for locations). A quick survey of the
entire river was undertaken to compare each reach against the
benchmark sites (Table 1). The new approach for mapping
proved to be effective generating a very detailed and extensive
data set by stretching the studied characteristics of the
benchmarked sites to the whole river. This approach enables a
researcher to acquire a detailed data set as input into a model
such as HEC-GeoRAS, with a high level of detail about the river
reach characteristics within a small time frame with the level
of detail adapted to the requirements of the model.

HEC-GeoRAS outputs

The HEC-GeoRAS model was used to simulate changes in water
velocity and discharge for various channel and riparian zone
conditions (Fig.7). The model runs for flood stages with a
return period of 2, 10, 20 and 100 years show that the larger the
flood, the greater the impact of channelisation on flow velocity
(Table 2). For the 2 year flood, the modelled flow velocity in a
completely channelised stream increases by 28% compared to a
natural stream. During a 100 year flood, this increase in flow
velocity rises to 41% (Table 2).

Table 1. Characteristics of the typical locations.

Changes in flow velocity can also be observed along the
longitudinal profile of the river. In the most upstream sections of
the river, where discharge is low, the change in water velocity
is much smaller when the state of the channel and riparian
zone is changed from natural to channelised (Fig. 8). With
increasing catchment area, the modelled velocities straddled the
measured velocity profile with higher flow rates attributable to
channelised flows. At the outlet, the measured average flow
velocity of 1.6 m/s lies between the channelised average
velocity of 1.8 m/s and 1.4 m/s for a natural channel (Fig. 8).

\ Discussion and conclusions

A simple field survey approach to assess the current
state of the river channel, riparian zone morphology
and vegetation

To assess the state of a channel in terms of its ability to retard
sediment and water can be done in various ways. However, some
channel assessment methodologies are very crude or extremely
detailed (e.g. Church, 1992) and do not give the required infor-
mation for a river reach. The development of a simple survey
approach has the benefit of being time and data efficient. Very
detailed mapping techniques are used largely for reach scale
research and originate from fauna and flora focused-based
research (e.g. Maddock et al., 1995; Hogan et al., 1996). These
surveys are used as the basis of most restoration projects, but

Site Channel form description Bank height Floodplain Vegetation Other
A Symmetric, natural <lm Undeveloped Herbs, few trees
B Symmetric, natural, straight <1.5 m, erosive gravel/bedrock banks Well developed Dense herbs and trees, no shrubs
C Symmetric, natural <1.5 m steep, vegetated Herbs/shrubs / young trees 5-10% LWD
D  Asymmetrical, natural ~1.5 m, varying steepness, steep Dense herbs/shrubs, trees on
bank: bare/eroding, gentle sloped top of banks
bank: vegetated
E  Channelised, rectangular 2 m, granite blocks Herbs on bars Cobbles on

channel bed

Dense trees and shrubs

L  Meandering natural,
asymmetrical

M Symmetric

N Natural, straight

Natural, straight
Semi-natural, next to road
Channelised, trapezoidal,
granite blocks

R Natural, straight

S Semi-natural, symmetric

One steep, erosive, one gentle
vegetated

<0.5 m, vegetated, in outer bends
undercut

<1 m, erosive due to undercutting
and livestock

<0.5m

~2 m, erosive

~2m

<2 m, erosive, partly in bedrock

Stable banks <2 m slope 35°

Wide, natural on
one side of channel
Well developed

Wide, densely

vegetated

Dense herbs, few trees

Low Herbs/shrubs
Mainly shrubs

Poor, few herbs

Forest, dense shrubs and trees,
few herbs
Dense herbs and shrubs on

upper banks

Herbs and

shrubs

Natural/gravel
channel bed
Bed rock channel

forming cascades
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Site E

Station (m)

Fig. 7. Example of 3 cross-sections with accompanying pictures (Sites E, H and R) for use in the HEC-GeoRAS model. Large arrow indicates flow direction

downstream. Bold arrow shows flow direction of river.

the role of sediment transport in determining stream morphology
is mostly not taken into account (e.g. WDFW, 2004). Therefore,
river restoration and catchment managers are advised to
consider watershed conditions and plan, construct and assess
river restoration (Sudduth et al., 2007; Kondolf et al., 2007;
Rosgen, 2006, FISRWG, 1998, Florsheim et al., 2008; Sear, 2009)
and river management projects on the scale of the watershed
and to include the up and downstream areas, specifically
channel and riparian zone characteristics, in order to improve
the project effectiveness.

Table 2. Results of the steady flow HEC-GeoRAS model runs.

Return period of flood Change in water velocity comparing
a natural state with a channelized state

of the channel and riparian zone

100 year +41%
20 year +37%
10 year +36%
2 year +28%

600001633 Published online by Cambridge University Press

Mapping the entire river in detail is not normally feasible in
most projects. However, a detailed description of the whole river
channel with its riparian zone based on characteristics relevant
for sediment and water transport, is presented here. The
methodology used in this study has the benefit of being both
detailed (describing river depth, width, channel morphology,
erosive features and vegetation types), but also practical in
terms of time management. Thus making a survey of both the
geomorphological and sedimentological and vegetational
characteristics possible. Each characteristic site in the study
reaches can then be used as a benchmark. After this intensive
fieldwork phase, the remaining larger sections of the river are
classified according to the attributes of the benchmark site.
Using this method, large river sections can be assessed
relatively quickly. Furthermore, the information obtained for
the entire river is of high quality. Thus models (in our case the
HEC-GeoRAS model), with high density data requirements for
the condition of the river, can be parameterised without high
investments in field surveys.
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Modelled impact of riparian and channel vegetation
and channel management on stream flow velocity

Based on previous research, there are strong correlations
between water velocity in a channel, the geomorphology of a
stream, and the roughness of a channel due to vegetation in the
bed and along the channel in the riparian zone (Ghadiri et al.,
2000; Steiger et al., 2001; Nicholas, 2003). Furthermore, natural
streams in terms of morphology and vegetation, constrain
water passage (cf. Parkyn et al., 2005; Zaimes et al., 2006;
Keesstra, 2007) as channel roughness and flow obstructions are
generally more prevalent. The effects of slowing flow rates
results in greater opportunities for sediment deposition on
the adjoining channel floodplains, and a reduction in the
overall sediment yield from the catchment. In contrast, a fully
channelised channel generates a significant increase in
sediment yield (cf. Brooks, 1985; Nagle et al., 2007). However,
these previous studies did not provide any data as to the degree
of catchment sediment yield change. The simulated results in
this study also do not reflect those processes described in
these studies. The possible reasoning for this difference can be
found within the model as it does not take into account channel
flow, as sediment is routed to the river, and once it reaches the
channel, it is immediately transferred to the outlet. The channel
flow model HEC-GeoRAS was designed to determine the impact
of channel morphology and in-channel and riparian vegetation
on stream flow and sediment transport. Previous studies (e.g.
Wiles & Levine, 2002; Horritt and Bates, 2002; Maingi & Marsh,
2002) have demonstrated this models effectiveness in simu-
lating flooding events and flow velocities during peak flow
events.

Modelling shows that an increase in the effect of riparian
vegetation/geomorphology results in an increase in return
period of the modelled peak discharge. The impact of riparian
vegetation causes drag thereby reducing flow velocity. Unlike
channelised flows, the floodplains of natural reaches with their
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# cross-section (NB 83 is outlet)

broad riparian zone, has a retarding effect on stream flow
(Table 2). Furthermore, the higher the flood water stage, the
greater the drag due to vegetation on the floodplains of natural
river reaches compared to channelised sections (Table 2).
Furthermore, the natural channel cross-section can also cause
a reduction in flow velocity relative to channelised sections.
Slower flow rates have an impact on sediment mobilisation and
transport in the river. However, determining sediment
discharge (as both suspended load and bed load) is not straight
forward as exactly how much sediment will be carried down-
stream is difficult to determine especially as the modelling
depends on several sediment transport equations. The amount
of sediment transported is also dependant on whether the
riverine flow characteristics are transport or detachment
limited. In a transport limited context, sediment and water
discharge are more strongly correlated than in a supply/
detachment limited system (cf. Seeger et al., 2004; Keesstra,
2007; Keesstra et al., 2007, 2009). Sediment yield is also
dependant on the amount of sediment available for transport.
From field observations in some of the upper reaches (Nup,
Fig. 4), sediment was stored in the channel and floodplain,
indicating a transport limited system. However, many down-
stream partly channelised reaches of the stream were clear of
sediment, indicating a supply limited system. Furthermore, in a
natural system (non-channelised) it can be expected that in
the downstream reaches, sediment would be readily abundant
(e.g. Temme et al., 2011; Keesstra et al., 2005), and thus transport
limited.

Finally, the HEC-GeoRAS model only uses the impact of
channel roughness to calculate river discharge and water velocity
from which sediment transport is determined. However, sedi-
ment transport and supply limited situations are not taken
into account and thus the impact of changing land use / land
cover in the catchment cannot be incorporated into the model
runs.
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