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Fig. 4. The Ashley River at the middle bridge between the Whistler and Townshend tributaries, 11 km 
downstream from the study reach (Fig. 1). (a) The river c. 1930 and (b) the river in 1990. Based on estimates 
from burial depths around the bridge and aggradation against bank margins the site has aggraded by 
approximately 1.5 m in 60 years. 

moderate flows and the overall legnths of the 
channel networks (the sum of all individual 
channel lengths) are similar in each case. 

Firstly, the air photographs all show a low 
sinuosity braided channel (Table 1); and the 
1960 photo shows a braidplain dominated by 
bare gravels with few vegetated bars (Table 1). 

Since 1960 the channel in the upper reach has 
been pinned against the north bank; whilst the 
width of the braidplain has increased slightly 
since the 1950s/1960s. Several reach-scale 
avulsions are evident in many of the photo- 
graphs e.g. from June 1989-February 1990- 
October 1990 the photographs show an avulsion 
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of the full reach followed by reoccupation of the 
old channel (Fig. 5). This process of avulsion- 
reoccupation is typical of the nature of channel 
change from flood to flood and results in a 
braidplain scarred by numerous avulsions and a 

floodplain margin scalloped by bank notching 
(Carson & Griffiths 1987). 

Although channel planform is only of limited 
value when considering the morphological 
development of a three dimensional braided 

Table 1. Changes in bar area, channel sinuosity and average braidplain width based on air photographs 
1950 to 1992 (Fig. 5) 

Average braidplain Total channel 
Bar area as a % width length 

Date of braidplain area Sinuosity (m) (m) 

1950 34 1.89 315 • 39 4797 
1960 16 1.77 340• 81 4486 
1979 46 1.54 404• 55 3892 
1986 40 2.74 401 • 52 6928 
1989 42 2.21 376 • 32 5595 
Feb. 1990 42 1.47 376 • 32 3717 
Oct. 1990 42 1.99 376 • 32 5050 
1992 42 2.73 376 • 32 6918 

Sinuosity is defined as total channel length divided by reach length. Between 1989 and 1992 there is 
little change in bar area and average width. 
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Fig. 5. Air photographs 1950 to 1992 showing the change in braided river planform morphology. The length 
_ 

of the reach is 2.6 km and the characteristics of the river in each photograph are given in Table 1. 

system, it is often the only source of information 
available for assessing longer-term develop- 
ment. Based on this fragmentary air photo 
record it is possible to produce two maps. 

(1) A composite map indicating all the 
channel positions recorded in the air photo- 
graphs (Fig. 6a). Channel positions are mapped 
as centre-lines of all active channels and all 
major abandoned channels visible at the time of 
photography. Active channels are defined as 
channels transmitting streamflow (backwaters 
are not included). Major abandoned channels 
are those channels which have clearly been 
recently occupied by the flow. These can be 
distinguished on the basis of a lack of vegetation, 
sharply defined cut-banks and the presence of 
fines deposited along the bed of the channel. 
These fine sediment deposits can easily be 
mapped on colour air photographs. 

(2) A map of vegetated bar areas indicating 

the minimum age at which the bar stabilized 
(Fig. 6b). The last four sets of air photographs 
1989 to 1992 show approximately the same bar 
areas and are therefore lumped into a single bar 
class 1989-1992. Mapping of bar areas is based 
on tonal and colour differences in the air photo- 
graphs and is subject to errors due to photo- 
quality and seasonal differences in vegetation 
cover. 

The composite map of channel centrelines 
shows three important features (Figs 6 and 7): 
(1) there is an increase in the number of channels 
downstream (Fig. 7); (2) there is a lack of 
channels on the south side of the braidplain; and 
(3) the majority of channels occur against the 
north bank with many channel branches corre- 
sponding to the clearly exposed notches in the 
river bank. For example during the period 1950 
to 1992, 95% of the northern margin of the 
braidplain has been subjected to fluvial erosion 
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Fig. 6. (a) Composite map of all channel positions and well-defined relict channel positions observed on the air 
photographs 1950 to 1992. The frequency of channel positions tends to increase downstream (Fig. 7). (b) Age of 
vegetated bar surfaces based on last 6 sets of air photographs (1950 to 1992). The older bar surfaces are to the 
south of the floodplain with bare gravel (no shading) to the north. 

whilst, over the same period, the southern 
margin has remained untouched. Based on this 
map (Fig. 6) it is possible to extract further 
information by determining the proportion 
of the channel network surviving between 
successive air photographs (Fig. 8). Figure 8 
plots the time interval between a pair of air 
photographs and the proportion of the channel 
length which is common between the two photo- 
graphs. This plot shows a decline over time but 
perhaps the most significant point is that some 
elements persist in the landscape for long 
periods e.g. the entrance bend to the reach has 
persisted since the 1960s (Fig. 5). In terms of 
storage the lower part of the braidplain has been 
traversed almost completely by channels over 
the last 40 years whereas the upper part of the 
reach has longer term storage elements. This 
suggests that the storage elements are not 
equally active along the reach over time as has 

been suggested in some braided river models 
(Hoey 1989). 

The ages of the vegetated bars (Fig. 6b) indi- 
cate that the oldest bars are on the south side 
of the braidplain while to the north of the braid- 
plain consists of small young bars or bare areas 
of gravel. The main bar at the head of the reach 
has stabilized over time and results in the input 
channel being more likely to remain pinned 
against the northern side of the braidplain. 
Based on the fact that the braidplain has 
remained roughly the same width in this area of 
the reach then bar deposition and stabilisation 
on the south side and bank erosion on the north 
side indicate the active braidplain is slowly 
shifting north. During this period the position of 
the input channel at the entrance to the reach 
was on the north side and the northern margin 
of the braidplain was being actively eroded by 
fluvial processes. 
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Fig. 7. Plot of the number of channels in 0.3 km segments of the main study reach with distance downstream. 

Fig. 8. Time-change plot of common channel lengths between air photographs. The time intervale between a pair 
of air photographs is plotted with the proportion of the channel length which is common between the two 
photographs. 
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Relations between sediment size, 
bank height and bed relief along 
the study reach 

In order to characterize downstream variation in 
sediment size, surface samples were collected 
from unvegetated bar areas as close to the 
present channel at each of the 51 cross-section 
transects. At each site a i m 2 grid was set-up over 
the surface and the largest 25 clasts immediately 
below the grid points were sampled and classi- 
fied using square openings in a template. The 
size of the river bed sediment shows a general 
decrease downstream (Fig. 9). From where the 

channel emerges onto the braidplain down to the 
last cross-section (51) at 2 .5km downstream, 
sediment size decreases from a very coarse 
boulder gravel at the top end of the reach down 
to a small cobble gravel. The origin of this 
sorting is difficult to determine but it must reflect 
a combination of contemporary downstream 
sorting, minor abrasion and inheritance of a 
sorted profile from the older fan in which the 
braidplain is entrenched. 

In quantifying changes in bed relief along the 
study reach, cross section data were used to con- 
struct a simple maximum bed amplitude index. 
A series of 51 permanent  floodplain-wide cross- 
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Fig. 9. Downstream changes in sediment size, bank height and bed amplitude in the study reach. Sediment 
samples were collected on the cross-section transects. All measurements of bank height and bed amplitude are 
in metres. Because the low point of the cross-section and the base of the bank are often a common point then 
both bed amplitude and bank heights can be referenced to a common datum. 
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Fig. 10. River channel cross-sections. Data are from ten sections spaced approximately 250 m apart. Surveys 
were carried out at three separate times: (1) January 1990, (2) October 1990 and (3) February 1992. Changes 
between successive surveys (e.g. 1-2 and 2-3) are shown. Vertical exaggeration is 8.3 times the horizontal. 

 at Pennsylvania State University on September 16, 2016http://sp.lyellcollection.org/Downloaded from 

http://sp.lyellcollection.org/


252 J. WARBURTON E T  A L .  

sections were set-out in 1989/1990 and surveyed 
at each 50 m along the study reach (December to 
January). Resurvey of ten of the cross-sections 
has been repeated twice since: October 1990 and 
February 1992 (Fig. 10). Sections were surveyed 
using a Sokkia Set4B Total Station EDM with 
errors determined from repeat measurements of 
+ 0.05 m in horizontal position. 

The maximum bed amplitude index was calcu- 
lated as the maximum height difference between 
the lowest point in the profile and the highest bar 
surface. Banks at the margin of the braidplain 
were not included in the cross section for this 
calculation. This was selected in preference to 
more sophisticated bed relief indices because it 
was the simplest means of determining whether 
there was a large difference in relative relief 
across the section. The purpose was to deter- 
mine whether there were any systematic changes 
in bed amplitude down the study reach which 
may influence the relative stability of the 
channel (Fig. 10). For example Section 5 in Fig. 
10 shows a relatively high bed amplitude 
(2.48m) with the channel pinned against the 
inner bank i.e. the channel is fixed by the inter- 
vening relief. In sections of lower relative relief 
e.g. Section 40, Fig. 10, amplitude 1.65 m) the 
pattern of erosion and deposition suggest a more 
unstable channel. This interpretation is limited 
since the two-dimensional relief expressed in 
cross sections (spaced 50 m apart) will only con- 
tain a fraction of the information of the actual 
three-dimensional relief of the floodplain. 

Figure 9 shows that the downstream decrease 
in sediment size is accompanied by a general 
reduction in bank height at the margin of the 
floodplain and a decrease in cross-section bed 
amplitude. Because the low point of the cross- 
section and the base of the bank are often a 
common point then both bed amplitude and 
bank heights can be referenced approximately to 
a common datum. It therefore follows that lower 
bed relief coupled with lower banks means that 
the channel has the potential to more easily 
migrate laterally or avulse locally because the 
channel is less confined. Close examination of 
Fig. 9 shows that from 0.4 km, bed amplitude is 
greater than left bank height and remains so all 
the way down the reach. However, on the right 
bank bed amplitude does not exceed bank height 
until approximately 1.8km down reach. This 
is significant because the geometry that this 
describes explains why the northern left bank is 
more susceptible to erosion whilst the southern 
right bank is relatively stable (Fig. 6). It is 
important to note that a large channel next to a 
steep bank is often thought of as erosive, how- 
ever if the bank is high enough and the banks 

supply coarse material to the channel in large 
enough quantities (i.e. a very coarse bank or tall 
bank with proportionally more coarse elements) 
then channel stability will result due to bed 
armouring. 

Recent developments and observations 
of channel change 

Evidence of recent channel development is 
based on air photographs, cross section surveys 
and field observations. The contemporary 
channel pattern essentially consists of five 
elements: straight channels, curved (meander- 
ing) bends, acute ('attack') bends, and diffluent 
and confluent braided segments. Evidence from 
the cross sections shows local small-scale piece- 
meal erosion and deposition around the wander- 
ing channel thalweg. Figure 10 shows the detail 
of ten cross-sections (vertical exaggeration is 8.3 
times) looking downstream. Away from the 
areas of active thalweg the cross-sections are 
identical demonstrating that these areas are 
inactive. Although there is local deposition, 
there is no direct evidence of active reachwide 
aggradation over the two years of monitoring. 

There appear to be four main processes affect- 
ing local erosion and deposition in the channel 
(Fig. 11). Firstly avulsion of two main types 
occurs involving channel erosion of a new part of 
the braidplain or local erosion or deposition 
within existing channels leading to the channel 
flowing down an old channel in the braidplain. 
The second mechanism is by far the most 
important and generally involves a small sedi- 
ment lobe moving down the main channel. This 
lobe either blocks an old channel deflecting the 
flow or locally constricts the flow causing bank 
erosion and connection with an old channel (cf. 
Lewis & Lewin 1983) in meandering rivers). 
These mechanisms are highly localized, princi- 
pally occurring at nodes in the network, but the 
effects are widespread. Discharge is generally 
shared between channels. Alternatively old 
channels may be periodically reoccupied during 
floods due to inundation without any major 
change in the morphology. It therefore appears 
that braiding here is primarily a function of 
channel avulsion rather than a flow bifurcation 
process forced by active medial bars. Braiding 
exists not because the hydraulics are adjusted to 
it but simply because of prior channels, with low 
and intermediate flows insufficient to override 
their imprint in the braidplain morphology. 
Avulsion dominates because there is excellent 
preservation of channel remnants in the braid- 
plain between floods indicating little infilling of 
the braidplain gravels. 
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Fig. 11. Examples of recent channel change mechanisms: (a) channel avulsion, (b) topographic control by the 
pre-existing braidplain topography, (e) bar modification and (d) bank scalloping or notching. 

Topographic control of channel pattern (Fig. 
11), as indicated above under the avulsion 
section, may simply occur because of changes 
in river stage (Mosley 1983). As discharge 
increases larger parts of the floodplain become 
inundated by flow with spill-type avulsions 
commonly occurring. In moderate floods this is 
usually accompanied by only very local re- 
distribution of sediment. 

A major part of research into braided 
channels has focused on the genesis of bar forms 
(Rundle 1985a, b; Ashmore 1991). How- 
ever, most braided rivers have a floodplain 
topography which is the result of prior flow 
events and it is the modification of the floodplain 
morphology by bank erosion and avulsion which 
is often important. Because of complex flow 
histories, bar/braid complexes rather than 
individual bar forms commonly develop. Braid 

complexes are the areas of the channel which 
show the most evidence of channel change (Fig. 
11). These areas consist of numerous conflu- 
ences and diffluences, whilst local redistribution 
of sediment within these complexes results in the 
loss of anabranches or avulsion onto new parts of 
the braidplain (Fig. 11). 

Bank erosion of the braidplain margin pro- 
duces a characteristic 'notched' or 'scalloped' 
pattern (Fig. 11). There is no single dominant 
mechanism of bank erosion because there is 
evidence of premature inflection of the thalweg 
(Carson 1986), classical meander bends (with 
well-developed secondary circulation), and 
bends with very aggressive 'attack' angles 
causing intense flow convergence on the outer 
bank and rapid scour (Carson & Griffiths 1987). 
However, there is little overwidening of 
channels at the margin of the braidplain due to 
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the vegetated banks. Bank erosion, although 
occurring on single bends against the margin of 
the braidplain, usually involves an anabranch of 
a braid complex. This is important because the 
anabranch will not evolve independently of the 
braid complex so that the situation, although 
geometrically similar to a classical meander,  
depends on the evolution of the entire braid 
complex. 

These observations are consistent with Carson 
(1986) in as much as modification of channel 
form by bank erosion and deposition in the 
channels is periodically interupted by avulsions 
which redirect the active channel zone. These 
avulsions arrest bend development and keep the 
overall sinuosity of the channel relatively low. 

Summary 
Although existing records of channel change are 
incomplete and the long-term monitoring 
programme of the Ashley River has just begun, 
it is possible to draw several preliminary 
conclusions. 

(1) Over a timescale of decades the braid- 
plain is slowly migrating northwards due to bank 
erosion on the northern braidplain margin and 
bar stabilization to the south. This may be in 
response to long-term (large-scale) sedimen- 
tation cycles but the record is insufficient to 
distinguish these. 

(2) There is a marked downstream decrease 
in grain-size accompanied by a reduction in bank 
height and bed amplitude. Much of this structure 
is probably inherited due to entrenchment of the 
braided system into the Pleistocene fan gravels. 

(3) Some parts of the channel network and 
braidplain persist for long periods (>  10 years) 
and help to stabilize parts of the braidplain. 

Certain elements in the floodplain (vegetated 
bars, channels with coarse lag sediments and 
banks with armoured bank toes) persist in the 
braidplain while other features (such as un- 
consolidated gravel banks and fine-gravel 
sheets) do not. 

(4) Channel erosion and deposition is a local 
phenomenon with most activity concentrated 
around the wandering channel thalweg as floods 
reoccupy old channels. Channel patterns change 
most dramatically when the flood flows re- 
occupy old channel segments. Observations of 
channel change from flood to flood indicate 
that, although some channel segments switch 
dramatically, other segments are left intact and 
largely unaltered. 

(5) The dominant mechanisms of channel 
change are avulsion and bank notching/ 
scalloping. Movement of small sediment lobes 
affects flow at node-points within the channel  
(principally areas of flow divergence) and causes 
avulsion down old channel segments. Small 
changes at critical points in the network may 
have a large effect on the channel pattern 
downstream. The mechanism of change is highly 
localized but the effect is widespread. 

(6) It is important to investigate the meso- 
scale local geomorphology in order to under- 
stand river dynamics at a small-scale. 
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