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CHAPTER 1: 

1.1 Purpose of the Investigation: 

1.2 

The principal aim of this investigation is the 

de cd field study of s~ream bank erosion, in which 12 

variables are examined in terms of their influence upon 

the nature and rate of stream bank erosion. 

Two streams with actively eroding banks were 

chosen, each representing a different physical environment. 

The emphasis at Peraki stream was upon fluvial bank erosion 

and at Le Bons upon sub-estuarine and estuarine processes. 

In order to fully understand this geormorphic 

process a brief mention of the physical environment of 

Peninsula as a whole, and the field sites in partic

ular, is essential. 

Volcanic HistorJ: 

Banks Peninsula represents the eroded remnant of 

two large overlapping shield volcanoes, the craters of 1l1lich 

are now occupied by the ttelton and Akaroa Harbours.oth 

volcanoes came into existence during the crus movements 

of the Later Tertiary Period. They were formed by the 

successive outpourings of basic lavas, fragmentary material 

and ash from two vents now located within the two harbours. 

(speight 1943). During the Pleistocene od fine-

grained glacial outwash sediments called "Loess11 were wind

deposited on the western slopes of the two volcanoes. The 

"Loess" deposits on the eastern sLopes were derived from 

wind-blown marine sediments revealed during the lowering 

of sea level. 
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GeDmorphology: 

Since their formation the basalt/andesite volcanic 

cones have undergone large scale erosion revealing maturely 

dissected "Erosion Calderas It scarred on their outer slopes 

by a series of radiating valleys. These valleys are oriented 

in the direction of of the vulcanic beds,exhibiting the 

distinctive features of "Transverse Valleys" (i.e. narrow, 

steep-sided, trench-like structures), (Speight 1916). Speight 

observed a tendency of streams to cut subsequent valleys 

perpendicular to the main valleys in their upper portions 

producing the "amphitheatre-like" form which characterizes 

the heads of both Le Bans and peraki Valleys. (See Fig. 1 ). 

This valley extension theory in which the headwaters of 

adjacent smaller valleys have been encroached upon, may 

explain the existence of the few large catchments on the 

Peninsula among a majority of smaller ones. The lower port-

ions of these large valleys are strikingly flat owing to 

stream aggradation. l)ingwall (1969) has suggested the 

importance of tidal currents in foreshore progradation. 

Speight (1916) observed that "this action is well 

seen in Okains and Le Bans Bays whose streams are tidal for 

some distance near their mouths, but in these the filling has 

not reached the mature stage as in the case of peraki Bay." 

Soils: 

In gerieral, Banks Peninsula soils are derived from 

three sources: 

1. Basalt country rock - the weathering product is a rich 

red fertile soil. 

2. Loess the mature loess is a very fine-grained light 

coloured soil. 

Both of these soils are mixed in the alluvium on the valley 

floors. 
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3. Source - beach progradation in Le Bons, Okains, 

Peraki and a few other bays has produced sandy ,soils 

mixed with alluvium in places. In Le Bons Bay this 

soil type extends up to 1.5km up the valley from the 

present shoreline. 

Banks Peninsula receives most of its rain in 

the winter months, often with several snowfalls at 

al ti tudes. Summer monthly rainfall totals llsuallyexceed 

50mmi however for most of the summer, potential evapo 

transpiration exceeds the moisture supply and soils dry 

out rapidly. The average annual rainfall of the Peninsula 

is considerably higher than that of the Plains. (Hughes 1970). 

The most distinctive aspect of Banks Peninsula 

climate is its variability; this is especially 

apparent with rainfall. This in te variety of local 

climates is a function of the steep topography, each large 

catchment having its own local climate. For , the 

orientation and the steep sided nature of the Peraki catch

ment ensures a southerly dominated climate while the east 

facing, Le Bans catchment, channels the easterly weather. 

These physical environmental features of Banks 

Peninsula are reflected either directly or indirectly in 

the geomorphic process studied here. It is the purpose of 

this investigation to measure the relative importance of 

these environmental factors as they influence stream bank 

erosion. 

1.3 Previous Investigations: 

Considerable emphasis has been placed upon general 

studies of river channel morphology and the formative processesi 
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little attention has been to bank 

There have been three main types of 

research in this field, conducted mainly by geomorphologists, 

hydrologists and engineers. 

Field Research: 

One of the earliest geomorpholo.gical field invest

igations of stream bank erosion was conducted by Wolman (1959). 

This paper considered the I1Factors Influencing Erosion of a 

Cohesive River Bank" on the Watts Branch, Maryland, IT.S.A. 

Erosion rate measurements were made over a 5 year period 

(1953-1957) along two meander curves of sandy s;Llt bank mater

ial. Wolman suggested a general relationship between erosion 

and climate during three winters no that maximum erosion 

rates occurred at high flows when the banks had been "thoroughly 

wetted" by heavy rainfall. During the summer months erosion 

rates were low despite occasional floods, This was ained 

by the low erodibility of the '1hard drylt banks. An attempt was 

made to give some indication of the relative importance of 

several of the factors studied,with qualitative explanations 

of their rank. Discharge and 'in situ rainfall were considered 

to be the~most important factors while current velocity, ground

water levels, current direction (relative to the banks) and 

frost action were of secondary importance. 

From 1960-1963 Twidale (1964) conducted a similar 

investigation on the silty,· clay sand banks of the Torrens 

River, Birdwood, South Australia. Twidale found no general 

correlation between bank erosion and climate, but suggested 

that the coincidence of intense storms and bank erosion was 

significant. Twidale noted the importance of wind action, 

rainwash and frost action as contributory bank erosion factors, 
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and implied a subdivision of erosion factors into fluvial 

factors (discharge, current velocity, etc.) and sub-aerial 

factors (rainfall, wind and frost action) suggesting that 

these operated both together and independently. In a 

study of the Ilwet bank slumpingll process TwidaJe attempted 

to isolate the relative importance of these two factor 

groups but came to the conclusion that (p.203) lithe precise 

mechanisms involved are far from clearll. This and many 

other observations made in these two investigations indic

ate the complexity of the bank erosion process. 

Extensive field research has been conducted by 

engineers on the lower Mississippi River. Stanley, Krinitzky 

and Compton (1966) studied!!I1i River Bank Failure" 

using hydrographic surveys made over the t years, 

revealing that failures occurred at the rate of 1 per 

12-15 years, each failure destroying an area 150-200 feet 

wide and 1,000 feet long. This process contrasts with 

that observed by Wolman in'which an average annual erosion 

rate of 1.5-2.0 feet was measured. In an attempt to under

stand the mechanics of the process vertical (100') 

core samples- were taken from the Del taic Plain adjacent to the 

river and the sedimentological characteristics of "caved and 

non-caved l ! samples were compared. This revealed a II simple 

rotational slumping mechanism" with some evidence of incipient 

fractures attributed to dessication. 

A similar field investigation was conducted by 

Turnbull, Krinitzky and Weaver (1966) in which the charact

eristics of smaller scale processes were studied. They 

suggested that the type of bank failure is determined by 

the bank material characteristics, while the factors 
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initiating the process were considered constant irrespective 

of the bank characteristics. The location of the IIthalweg ll 

within the river channel was considered important (e.g. at 

meander bends thellthalw I was close to the eroding bank.) 

Numerous other studies have been conducted on the lower 

Mississippi River by engineers, among them, Krinitzky (1965), 

Fi sk (1 944, 1 947, 1 952 ) • 

trholllson (19'70) as part of an inter-disciplinary 

research team (geologists and engineers) conducted a field 

study of IIRiverbank stability at the University of Alberta, 

Edmontonll , Core samples were used in a sedimentological 

survey of the river bank area aimed at defining planes of 

weakness where bank failure was most likely. trhomson 

stressed the importance of ground water levels, mainly in 

terms of the weighting effects upon the banks, he defined 

a critical ground water level above which the bank slope 

was considered unstable. 

was also mentioned. 

The importance of the thalweg 

Laboratory Research: 

A second research technique used in bank erosion 

research involves the simulation of natural bank erosion 

processes using hydraulic flumes. Friedkin (1945) set up 

an experimental model to study the importance of the factors 

controlling stream channel characteristics. Experiments 

were conducted var;YllJg the discharge on different non-cohesive 

sediment types. Friedkin concluded that the rate of bank 

erosion is a function of lithe force of water upon the banks, 

the toughness of the banksll, the turbulence of the water and 

the irregularity of the bank longitudinal profile. 
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Artificial Channel Research: 

Enginuers have conducted much research on irrigat

ion channels and other types of artifical open channels aimed 

at producing a stable channel design for both cohesive and 

non-cohesive sediments. Smerdon and Beasley (1959) used 

data from hydraulic flume tests and soil tests in addition 

to empirical observations of open channels to test the valid

ity of a theoretical critical tractive force concept. This 

is a measure of the force applied to the bed and banks by the 

water. Another concept developed by agricultural engineers 

.from measurements on open channels defines limiting velocities 

for channel stability with different bank and bed materials. 

Most of the research on open channels is used to solve partic

ular problems but the empirical and theoretical results of 

such research may provide pointers to processes operating in 

natural streams and rivers. 

Each of the three research categories suggested 

here approach this problem from a different standpoint. 

The two field research studies by Wolman and Twidale are 

attempts to study the total process in a natural setting 

over a 3-5~year perio~ in which field measurements and 

observations are made of the bank erosion rates and the 

dominant factors influencing erosion. The highly complex 

multi-variate nature of this process is evident in the 

inconsistency and subjectivity of the results. Despite 

this, these two papers have value as an introduction to 

this field of research. The engineering field research 

differs markedly in approach; more emphasis is placed on the sed

imehtological characteristics of the bank materials. This 

approach is conditioned both by the nature of the Mississippi 
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bank erosion and by the conditio~s under which engine 

research is often conducted (i. e. the study 0 f a particular 

problem, with definite time limitations), therefore only the 

aspects relevant to engineering problems are studied. 

The second research category, Laboratory Research, 

has the advan e of a higher level of experimental control 

produ a more precise picture of this process, usually 

one or two factors are isolated and studied in detail. The 

validity of the results may be limited by the accuracy of 

the laboratory on techniques. 

The research conducted on artificial channels has 

basically the same tal operties ~s the laboratory 

studies in that ficial channels are essentially hydraulic 

flumes in a natural '1'he emphasis here is on the 

construction of stable channels using natural materials 

rather than a study of natural processes; however the results 

can be applicable to river channels. 

All of these research approaches, if considered 

together, could provide the to on of this natural 

phenomenon and therefore each should. not be consid.ered a separ

ate entity. 

This study is a field research inve similar 

to those 0 f Wolman and 'l'widale; however, the theoretical and 

experimental results of the other research oaches have been 

utilised in defining critical process factors and their inter-

relationships, in order to simplify and con 

complexity of this geomorphic process. 

the 
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1 .4 NATURE 01i THE INVESTIGATION. 

The bank erosion process is studied here in terms 

of a Process-Re ['i(Jdel. Thib IHodel was ori nally devel-

oped by Krumoein (1961) in a study of the factors influencing 

the nature of beach deposits. In this model, the distinction 

between dependent and independent variables is relaxed, using a 

more realistic concept which considers the interrelationships 

between the variables within this natural system. 

The model used in this study differs from the orig

inal, in that emphasis is placed on the response mechanism (bank 

erosion) rather than the response elements (bank morphology). 

This model can be subdivided into the Process Factors (hydraulic 

and climatic factors) which act upon the Bank Material Factor to 

produce a certain bank erosion type (response mechanism), which 

produces a certain bank morphology (response element). Feedback 

relation also exist between the response elements and the 

process factors. ( See • 1 A) 

The model is, of necessity, very generalized as both 

the nature of the factor interrelationships and their erosive 

effect in the bank erosion types. 

Within the context of the bank erosion process-response 

model this study is aimed'at defining: 

(1) The nature of each factor and its bank erosion role. 

(2) The interrelationships between these factors and their bank 

erosion ficance. 

(3) The mechanisms operating. 

Two analysis techniques are used to study questions 1 and 2: 

Time Trend Analysis: 

s analytical technique is used to define the 

dominant c s of the 4 bank erosion types, by considering 
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the interrelationships between the process factors, relating 

these to changes in bank erosion rates through time. 

This technique is used to provide a quantitative 

expression of the bank erosion roles of each factor and their 

interrelationships. 

The mechanisms by which these factors influence 

bank erosion rates are described, 

observations and laboratory tests. 

field measurements, 



CHAPTER 2: FIELD HEASUREJvlENT AND LABORATORY ANALYSIS TECHNIQUES. 

2.1 General Sampling Program: 

The ideal requirement of any research involving 

the study of two or more variables is the establishment of 

control conditions. A series of tests can be carried out 

holding all variables constant except for the dependent and 

independent variables being tested. If this is achieved, 

the variance of the dependent variable is attributable to one 

independent variable in each test. This ideal condition can 

be approached using laboratory models but is almost impossible 

to establish in nature. Therefore,the aim of any quantitat-

ive field research in geomo~phology is to sample as extensively 

as possible in orGer to measure many different combinations of 

the dependent and independent variables. 

A systematic sampling program was used in this study. 

At both strE:ams reaches were defined with actively eroding banks 

based on two criteria; bank material type and the plan shape of 

* the stream channel (See Figs. 2 & 3). Each of these factors 

was consid~red time independent in the context of this short 

term study; therefore areal sampling was aimed at monitoring as 
J 

many combinations of these factors as possible, To achieve 

this each reach was subdivided into bank material zones and plan 

shape features; thus spatial changes in each of these factors 

were measured both within and between reaches. 

The time dependent factors measured were, current 

velocity discharge) discharge frequency, rainfall, rainfall 

angle and ground water level and of these, current velocity 

and rainfall angle changed spatially. Honthly measurements 

* See maps in back pocket, 
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were made of all th0se factors at both streams. A total of six 

months' measurements were made at Peraki stream (Jan.-July 1971) 

and five months at Le Bons. These regular measurements were taken 

in order to isolate time as a variable. A month Was chosen to 

allow sufficient time for measurable erosion rates to occur. 

2.2 Field Measurement Techniques: 

(1) Banl2:~!,osion l1easurements: 

A different measurement technique was used to study 

two basic erosion types. 

=:...::..::...::::.:=_~-::..::::.=...=....:;;=::::...::;=--:.....=:..::.......::.:..:==~=:.:..::..._-::.;::...::..=..=.::::' - Pin method and photo-
graphs: (See Plate 2) 

These two processes were measured using No.l0 gauge 

wire pins 25cm long; these were inserted horizontal into the 

bank face with 2.5cms* protruding and were painted white for ease 

of identification~ Honthly measurements were made of the length 

of pin protruding, an increase in length indicating erosion and 

a decrease, deposition; the pins were then reset after each 

measurement. l1easurements could be made to an accuracy of 

2mm using a 30.5cm ruler. measurements were made on the 

downstrerun side of each to minimize error. After pin 

installation a period of one month was allowed for the pins 

to IIsettle_in" before measurements were started, 

Pin sites were spaced at approximately metre 

intervals. Within each pin site four levels were identified 

(see Fig. L~) at 15-20cm intervals up the bank face. This 

technique was adopted to measure changes in erosion rates up 

the bank face. number of pin levels within each site 

varied according to bank height and bank material character-

istics but the same intervals were retained at all reaches to 

enable comparisons of the same level at different reaches. 

*Field measurements were made using the standard 
British system and metric conversions were 
subsequently applied. 
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At two 1e Bons pin sites and one Peraki site the number of 

pinb at each level WfA.S tripled to provide a check on the 

represen ta ti veness 0 l' the pj.n erosion samples; the results 

indicated representativeness. At reaches 1, 2 and 3, close

up photographs were employed to test the representativeness 

of site erosion measurements with reGard to the intervening 

bank areas between pin sites. se photographs were taken at 

each pin site including the surrounding bank areas, thus serving 

as a subjective extension of the banl\: erosion sample (see plate 2 ), 

In the estuarine area of 1e 130ns stream (reaches It £..: 5), 

it became apparent that the pins did not provide a representative 

measure of actual erosion rates; this was due to ~he peculiar 

characteristics of llhoneycomb ero[';1on ll • Close-up photographs 

were taken of these banks at monthly intervals; this provided 

subjective information about the erosion in these estuarine reaches. 

Pins were used to measure the rates of erosion and deposition on the 

bank pediment in the inter-tidal zone. At one site in each reach 

the bank face was removed, revealing a fresh bank surface, the 

erosion of which was measured, using pins. 

Along reaches 1, 2 and 3 of Peraki stream the 

method was emented by another measurement technique as the 

gravel content of some bank sections precluded the use of pins. 

Vertical white lines (approx. Bcms. wide) were spraY-vainted on 

to the banks and photographs were taken of each line at monthly 

intervals. In some instances it was possible to obtain measurable 

data by noting gravel and soil removal either from the white line 

or the surrounding bank area. A scale was included in each 

photograph. (See plate 3). 

Wolman (1959) waS the first to use the Pin method, 

he used only one pin at each site and the pins were larger 



Plate J ; Reach 1, Lines 4 ': 5 , Peraki Etream - the larger 
corr2sion rate at t e riBht of the !hoto may be 
due t o tne presence of a large b llder close tc 
the bank , which l~irectl!d t:.e stream water a gainst 
the banl-;. 
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(6mm diameter) than those used in this investigation. 'l'he 

smaller pins were used here to minimise th hydraulic resistance 

created by the protruding pins and also to reduce the reinforc

ing effect of pins within the banks. Twidale (1964) used the 

same type of pins as Wolman but broadened the sample by using 

4 pins at each site. Neither Wolman nor Twidale made regular 

measurements although Wolman recognised thuir value (p205) 

"Periodic measurements should have been made at fixed intervale 

inasmuch as the determination of the principal causes of erosion 

is dif ficul t unle ss tIle gaps between time 0 f no erosion and 

periods of erosion can be properly de fined l ! • 

Bank Slumping and Overhang Collapse - Baseline Hethod: 

A baseline was surveyed along each reach, using 

white wooden pegs set 3 metres in from the bank edge at 15 

metre intervals. r,Ieasuremen ts were then made along a tape 

stretched between the pegs; the perpendicular distance from 

the tape to the bank edge was measured at 3m intervals along 

the tape. This distance was measured ~ith a 3m long pole 

wi th graduated scale and a II Til shaped end to ensure perpendic-

ulari ty. rrhis measurement technique was not very accurate 

due to errors associated with deviations from the perpendicular 

and also because accurate location of tlle bank edge was diff-

icult. Both of these weaknesses were exaggerated in bank 

areas with long grass (Le Bons reaches 1 & 2). Be cause of the 

larger scale of these bank erosion processes, these possible 

measurement inaccuracies probably did not have a significantly 

detrimental effect upon the data. Often it was possible to 

measure erosion occurring between the measurement points by 

observing slump and overhang deposits at the base of the banks 

and recording their dimensions. Therefore,it is suggested that 
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erosion ffi0aSUrei!1cnts gained, using this technique,are 

representative of the actual total erosion. 

Wolman used D similar baseline method but 

later abandoned it in favour of the pin method, Twidale 

sited 1 peg at each reach, a defined distance from the 

bank edge, Longer term field studies of bank erosion 

(Stanley l{rini tzky and Compton (1966) and Wolman (1959») 

used hydrographic surveys of the river cross-section to 

measure bank erosion. These are valuable in that bed and 

bank changes can be compared i however, the inaccuracies of 

this technique limit its usefulness to large rates of 

erosion over longer periods. 

(2) Bank Material: 

All reaches at both streams were subjectively 

subdivided into bank material zones for purposes of bank 

material sampling (see Figs.2 & 3) At least one set of samples 

was taken from each zone. Within each zone an additional 

sampling criterion was used:- plan shape characteristics of 

the bank; for example 1 if promontories and embayments 

existed within a bank material zone, one sample set was taken 

from each in order to compare the bank material characteristics. 

Bank material samples were taken adjacent to pin sites, each 

sample set comprising 3 subsamples taken from the lower, 

middle and upper banl\:, In addition, one subsample from below 

low water level was taken from each bank material zone. Each 

subsample was a 300-400gm bulk surface sample taken from a 

bank area with a ver cal range of approximately 30cm, there

fore the three subsamples covered a considerable portion of 

the vertical bank surface. All samples were gathered while 

the bank material was dry to minimize compaction during storage. 

Lyle and Smerdon (1965) found that erodibility decreased with 
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incre compaction. Compaction may have occurred in 

samples taken from below water level although the obviously 

compacted parts of the samples were not used in the erodib

ility tests. An erodibility index was calculated for each 

of the subsamples, each index was then applied to all the pin 

sites within its bank material zone. 

(3) Current Angle: 

Current measurements were made at all pin 

sites; in most instances these were assumed to be constant 

for all discharges but in situations where a bank pediment 

protected the lower bank, diverting the flow from the bank at 

low discharge, measurements were also made at higher discharges, 

The current angle at each pin site was measured in the field by 

injecting Rhodamine B dye into the main flow upstream of the 

measurement point. ~he e at which the dominant flow approach-

ed the bank was measured, using a prismatic compass. These 

measurements were confirmed by reference to surveyed maps of 

the channel shape characteristics of each reach. (See Fig.6 ). 

(4) Rainfall Direction: 

Windd:irection data was supplied by local farmers at 

each field ru;'ea. This information was used to calculate the 

angle of approach at each pin site Of the dominant rain-bearing 

wind directions. The monthly rainfall direction value was 

obtained by taking the rainfall direction of the heaviest 

continuous rainfall for the month. This value was usually 

valid, as at both field areas heavy rainfall came from one 

direction. The angle of approach of the main rain-bearing 

winds at each site was calculated on the surveyed maps of the 

reaches studied. (See Fig. 5 ). 



- 1 7 -

(5 ) Vegetation: 

The vegetation cover of the bank face was measured 

only at Peraki, and only moss coverage was studied. (There Was no 

moSs growing on the 1 Bons stream banks.) A subjective assessment 

of ~ veGetation cover at each pin level Was made in the field and 

from close-up photugraphs of tne banks for each of the monthly 

m8asurelllent periuds. 

(6) Curren" Velocity: 

A vertical float technique was used to measure current 

veloci ties at each reach. 'The float consisted 0 f an aluminium 

canister locm x 6.5cm. When three-quarters filled with water it 

floated vertically with approximately 15cm of the float below the 

water surface. 'l'he flotation level could be vari'ed by changing 

the water level within the float. This Was necessary for current 

velocitj measurements at low discharge due to the shallow water. 

A vertical float provides a more realistic measure of current 

velocity than a surface float as current velocities tend to change 

with depth. An average current velocity value was measured by tim-

inb 5 runs over a distance of 6.1 m. Where possible, runs Were 

carried out close to the stream bank under consideration. 

Difficulties were encountered ~ith velocity measure-

ments at reaches 1 and 2 on peraki stream, as at low discharge the 

stream water flows around large boulders and only two limited 

reach s of water were measurable. Only one current velocity 

value was measured for each reach as the degree of variation in 

velocity, within reaches, was considered minimal. Current 

velocity values were measured for each reach at all monthly 

maximum discharge levels. In the estuarine area of 1e Bons 

stream current velocity measurements were made at low tide due 

to the current reversal during high tides, 
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( 7) Di schaq?ie : 

Discharge measurements were made at one reach at 

each field area (Le Bons - reach 1; peraki - reach 3). Both 

reaches are straight and of uniform cross-section and current 

velocity. The cross-section of each reach was measured by 

stretching a rope horizontally (checked with dumpy level) 

across the stream. A tape was attached to the rope, and by 

hanging a line with plumb bob from tape to the water surface, 

vertical measurements of the water depth were made at 15.25cm 

intervals across the stream channel. White painted pebbles 

and cobbles were placed in a line across each stream to deter

mine bed stabilit~ which could have affected the accuracy of 

discharge calculations. They showed no significant movement. 

Maximum stage recorders were used for providing 

stage data. Each recorder consisted 0 f a 5cm diameter 2m 

pipe with a sealed lower end and two small water intake holes. 

The pipes were placed in the water adjacent to the bank and 

secured. A 2m long 3mm diameter metal rod with metal disc 

on top was placed in each stage recorder. Each rod was painted 

with a matt finish black paint which enabled accurate identif

ication of-the water level on the rod after insertion in the 

pipe. This water level was the stage. By rubbing chalk 

.on the measuring rod, maximum stage records could. be kept. As 

the water level rose within the pipe the chalk was washed off, 

leaving a definite mark at maximum stage. A visual stage 

recorder was sited near the homestead at Peraki as Hr. W. Hall 

had agreed to record any significant fluctuations in stage. 

This stage recorder was calibrated with the main stage recorder 

at the discharge site so that records obtained could be expressed 

in terms of stage fluctuations at the discharge site (See Fig. 7 ). 
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Current velocities were measured in conJunction with 

stage measurements, using the method mentioned earlier, except 

that a mean velocity figure was calculated by applyinc a 

correction coefficient which is a function of the mean hydraulic 

radius Toeaes (1963). 

This data was tIlen cowbined in the followinC equat

ion to calculate stream discharge; 

= A x v 

Discharge Cross-section Area I,IIean Veloci ty 

A discharge rating curve was compiled enabling the calculation 

of discharge given a certain (See Fig.B). 

At both field areas disCharge was assumed constant 

for all reaches as no tributaries entered either of the stretches 

of stream studied, and ground water contributions were considered 

insignificant considering the approximative nature of the 

discharge values. 

(8)DLscharge Frequency: 

In the absence of a continuous stage recorder, several 

sources of information were combined to describe the discharge 

frequency of each stream during the field measurement period. 

Stage recordings were made at both sites at irregular 

intervals during field work; these averaged 3-4 within each 

measurement ad. At Peraki stream this was supplemented by 

observations made on the visual stage recorder and at Le Bons 

stream by visual information supplied by farmers. 

rainfall data collected by farmers was also used. 

The daily 

A linear 

relationship between rainfall and discharge Vias not assumed 
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due to such factors as the variability of rainfall throughout 

these catchments and the .effect. of antecedent soil moisture 

conditions upon runoff. However, rainfall figures were used 

to a limited extent based on observed relations between rain-

fall and discharge under certain conditions. The usefulness 

of this information was increased at Le Bons stream by the 

availability of upper and lower catchment daily rainfall fig-

ures. 

De te the subjectivity of the data collection and 

application, it is contended that the values for lOW, moderate 

and high discharge frequencies used here are reasonable approx-

imations. These three discharge levels were arbitrarily 

defined and the frequencies were expressed as % of each month: 

High Discharge above 60 cubic metres/sec. 

Medium Discharge 10-60 II II H 

Low Discharge Less than 10 II II II 

(9) Rainfall: 

In situ dailY rainfall figures were collected by 

farmers living close to the measurement sites at both field 

areas. 

(10) Ground Water Levels: (See PI 4) 

Three ground water sites were established, two at 

Le Bans strerua (reaches 3 and 5) and one at Peraki (reach 4). 

Each of these sites comprised 'a series of 5 cm diameter holes 

in a line perpendicular to the bank edge. the holes were 

dug with a 3cm diameter extension auger. Ini tially 11 Alki thEme 11 

piping with sealed lower ends and a series of water intake holes 

was used~but the ground water levels measured were inconsistent 

and therefore probably unrepresentative. This may have been 



:Plate 4 : Ground .Iater Hole s Reach 4 }eraki stre~~ 
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due to the displacement effects of wooden rods inserted t 

measure the water levels~ 

The most efficient technique involved the use 

of 3mm metal rods (as in stage recorders) in the open holes; 

each hole was covered by a 15cm x 15c;-a hardboard cap wi th a small 

hole in the top,through which the rod.was inserted and over which 

the disc rested, protecting the hole from the direct penetration 

of rainfall. 

A maximum e recorder was installed acent to 

each ground 'water site so fl uctuations in stage could be 

related to corresponding ground water levels. Monthly maximum 

ground levels were recorded using the lIchalked rodo teChnique. 

The ground water levels recorded were assumed to be representative 

of all other reaches. 

Although every attempt has been made to minimise the 

inaccuracy of the measured data, through the design of the field 

techniques and their use, . the accuracy and represen tati veness of 

the measurements may be an important source of error. This is 

an ailment common to all field research in geomorphology, a 

situation at can be parti explained by such practical 

limitations as finance and the inaccessibility of field areas, 

but the bulk of the explanation lies in the complexity of the 

natural environment. 

2.3. Laboratory Analysis Techniques: 

A great variety of soil erodibility indices have 

been used by researchers in river bank erosion, for example, 

plasticity index (Smerdon & Beasley 1959), unconfined compress

ive strength (Flaxman 1963), dispersion ratio (Lyle & Smerdon 

( 1965), liquid limit (Wolman 1959) etc. 
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Bryan (1969) conducted an intensive analysis of the 

relative efficiencies of various soil erodibility indices and 

concluded that the aggregation characteristics of soils are 

the most important soil properties controlling a soil's 

erodibility. Bryan suggested that the most reliable, effic-

ient and universally applicable index was % weight of water 

stable aggregates less than 3mm. 

The erodibility index adopted for this study is 

% weight of water stable aggregates less than 2mm. An aggreg-

ate stability test was used to define this index. 

Aggregate Stability Test: 

25gms of air dried soil aggregates lO-15mm across 

were placed in a litre flask and soaked for 3U seconds. The 

contents of the flask were then passed through a 2mm sieve. 

The aggregates remaining on the sieve were then dried, weighed 

and this weight expressed as a %'of the total sample weight. 

If granules were present in the samples after the test, they 

were removed and the granule weight was subtracted both from 

the initial sample weight and the aggregate weight. To define 

an erodibility index, 5 samples were tested and a mean value was 

used as the index. 

This erodibility index is applicable to a wide range 

of bank material types. The bank materials tested in this 

study ranged from sandy clays (85.9% sand, 2.8% silt, 11.?-i6 

clay) to silty clays (19.2% Band, 52.8% silt, 28.1% clay). The 

simplicity of the test enabled maximum possible breadth of bank 

material sampling (92 indices were calculated). The flexibil-

ity of this test allowed simulation of different natural cond-

itions. Tests were conducted at different sample moisture 
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contents, and were used also to determine the effects of saline 

water and turbid water upon erodibility. In the saline water 

test the soaking od was extended to 2 minutes. 

In order to determine the validity of the mean value 

for each index, the number of samples tested per index Was doubled: 

Sand/Clay Sample: Silt/Clay Sample: 

5 e test 25. 48.51% 

10 e test 24. 47.76% 

The results suggest that this test is reasonably accurate and 

that the mean index used is representative of the erodibili 

of the bulk e taken in the field. The accuracy of the test 

does depend upon operator consistency in the way the. test is 

performed; for example, variations in the shaking technique 

Can produce different results. 

e 70 of granUles, sand, silt and clay were calcul-

ated for each of the main bank material types at both field areas 

( 12 s). These indices were used firstly,to provide an 

objective description of the physical properties of these bank 

materials and secondly, to investigate any relationsh s between 

these sical properties and erodibility. 

A 30gm sample was air dried and thorough mixed, 

then the organic matter was removed using a Hydrogen Peroxide 

) process followed by and filtering. The free iron 

oxides were removed using the Sodium Dithionite ( ) method, 

the ~ample was then washed, filtered and air dried in preparation 

for the sedimentation anal s. After being left to soak overnight 

"" '.1'he laboratory te s used in this test are described 
in more detail in rl sical Laboratory Hanual!! i1. B. Reay, 
(Geography Department, University of Canterbury), 
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in luO wls 01 Calgon Solution,the sample was physically dispersed 

in a sediment stirrer and the completeness of dispersion checked 

with a binocular microscope (xl0 power). The sample was then 

transferred to a graduated cylinder and topped up to 1000 lill.s 

with distilled water. After leaving the cylinder to adjust to 

room temperature, the seuiment was agitated in the cylinder for 

one minute with a brass plunger. The hydrometer was then lowered 

into the cylinder at regular time intervals and the reading on the 

hydrometer stem noted, with trl e time of measurement. After 

subtracting the zero calibration constant from the hydrometer reading, 

the cU:Jlulativ8 weight of material smaller than a certain grain 

size could be calculated for each hydrometer reading by reference 

to tables. 

Hydrometer analysis was used only to calculate the 

coarse silt to clay size range. 

the granule and sand fractions. 

Dry sieving Was used to separate 

Each of these weights ·was then 

expressed as a % of the initial dry sample weight. 



The purpose of this analytical technique is to 

describe time dependent changes in the relationships between 

three basic factor groups during the field measurement ods. 

factor groups have been defined in order to simplify the 

complex interrelationships between the bank erosion factors 

in nature. The time factor hds been includeci here because 

the nature of these factor relationships and their bank eros

ion significance changes through time. 

Each factor group comprises a set of factors 

which have similar influences upon bank erosion rates. 

This factor describes the erodibility characterist-

ics of the bank materials. In this analysis general bank 

material groups have been classified, the erodibility value 

of each group comprising the average of the erodibility 

values for each pin site~ 

Bank Conditioning Factor: 

The rainfall and groundwater factors have been 

.combined in this factor group with the emphasis upon their 

roles as ers of bank moisture. 'J'he basic hypothesis 

behind this factor group is that changes in the bank moisture 

content, through time, may influence the condition of the 

banks in terms of their resistance to the other erosion 

factors. 

Hydraulic Factor: 

All of the time dependent hydraulic factors are 

included in this factor group: discharge, discharge frequency 

and current velocity. Because of the very close interrelation

ships between these hydraulic factors (i.e. as discharge 

increases all the other fluvial factors change in proportion) 



the discharge factor alonu has beGn included in the analysis. 

'l'he for,aation of this factor group is based on the hypothesis 

that all of these fluvial variables combined, make up the total 

erosive capacity of each stream. 

These factor groups cannot be considered rigid, 

as the roles of the various factors do change, depending on 

the type of bank erosion process under consideration. 

Four bank erosion types will be considered in 

this study, each exhibiting distinctive characteristics: 

This process involves ble removal of 

bank materials by hydraulic abrasion. (See plate 3). 

The erosive effect of raindrop impact 

upon the bank surfaces above maximum water level is considered 

here. 

'l'his is a larger scale and less continuous 

process than the others, it involves the subsidence of large 

blocks of bank material. 

This term describes the collapse of over

hanging upper bank sections. 

The following presentation deals with each of 

the bank erosion types at the different pin levels, as it 

is suggested that the bank erosion rates may vary within and 

between the erosion types at different levels wi thin the banks. 

All of the factor relationships defined in this time trend 

analysis are derived from the graphs in Fig. 9. 
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3.1 Fluvial Corrasion: 

(See Figs. 9b & 9h) 

At this level bank moisture contents are assumed 

constant, therefore corrasion rates are influenced by the 

bank material and hydraulic factors alone. At Le Bons 

stream the hydraulic factors appear to influence corrasion 

rates only at high dis levels. The oank material 

factor has a close relationship with corrasion rates at 

both streams. The lower overall corrasion rates at Peraki 

stream may be explained by the lower erodibility of Peraki 

bank materials. 

(See , 9c & 9i) 

Ground water is the dominant source of bank moist-

ure at this level. It is hypothesised that increases in 

bank moisture decrease the erodibility of bank materials 

subject to fluvial corrasion· At peraki stream the relatively 

high initial corrasion rate of the dry bank material may be 

due to the removal of loose soil particles, as this was the 

first increase in stage for at least two months. This idea 

has been used in stUdies of run-off, e.g. Colby (1963). To 

a small degree bank material typffiresponded to the growing 

importance of the hydraulic factors between measurement periods 

4 and 6. The bank material erodibility correlates with 

corrasion rates. At Le Bons stream the corrasion rate 

decreases with increases in both the hydraulic and bank 

conditioning factors, thus the increased hydraulic erosive 

capacity may more than compensated by increases in bank 

moisture content. The dominance of the hydraulic factor at 

peraki and the bank conditioning factor at Le Bons may be 

explained by the higher discharge at Peraki and the larger 

rainfall at Le Bans stream. 



At both streams the maximum overall corrasion 

rates correspond with the more erodible bank materials. The 

peraki corrasion rate appears to be dominated by the hydraulic 

factor while at Le Bons stream the uniform corrasion rate,through 

time, may be due to the compensatory effects of the hydraulic and 

bank conditioning factors. At Le Bons stream the greater response 

of bank material type 3 to the hydraulic factor may be due to the 

location of this reach at the upstream end of the sub-estuarine 

area where the current velocities are relatively high. 

(See Figs.ge & 9k) 

'1'he apparent ficance of bank'conditi 

factors at Peraki stream could be explained by the position of 

this level above tne ,o;round water levels and below the 

in 1"11 tra tion depth of rainfall. At Le Bons stream the most 

erodible banlt material shows greatest response to the hydraulic 

factors. 

Pin Level 4: (See Figs. 9f & 91) 

At Peraki stream the low initial corrasion rate 

decreased Jurther on bank material types 1 and 2 during the later 

measurement periods. This may be eXplained by a factor not consid-

ered in the analysis so far vegetation coverage of the bank face. 

Moss growth was observed to flourish during measurement period 6 

and had a definite protective influence upon the banks at these 

two reaches. This factor may also explain the decrease in corrasior. 

rate during measurement period 6 at pin level 3. The most erodible 

bank material at Le Bons stream increases in response to the 

hydraulic factors, while the others remain low; this may be 
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a function of the lower moisture capacity of sandy soils. 

This time trend analysis reveals the dominant 

control of the bank material factor upon corrasion rates. 

In almost all situations the most erodible bank materials 

exhibited the maximum overall corrasion rates. This is by 

no means a simple relationship as the variability of the 

corrasion rates indicates. This may be partially attrib

utable to the factors not considered here (current angle, 

rainfall direction and vegetation) however the bulk of this 

variability may be explained by considering the relative 

influence of the hydraulic and bank conditioning factors 

upon corrasion rates. 

At most pin levels initial corrasion rates were 

relatively high considering the low discharge levels; this 

may be ained by the very dry, and therefore erodible 

nature of the bank materials. At both field areas the 

hydraulic and bank conditioning factors increased together 

through time, creating a delicate balance which sometimes 

tipped in either direction, but in general this balance was 

reflected in uniform corrasion rates through time. During 

the period of maximum discharge, the increase in stream 

erosive capacity outweighed the decrease in bank erodibility 

which was reflected in increases in the fluvial corrasion 

rates at most sites. A more complete picture of this 

process and its aeterminative factors could have been 

achieved if greater changes in these factors had been monit

ored. The results of this short-term investigation suggest 

a condition of dynamic equilibrium between the hydraulic and 

bank conditioning factors, while in the long term this may not 
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be so as during large floods the very high erosive capacity 

of the streams may outweigh the effects of the high bank condit

ioning factors, producing large corrasion rates. 

3.2 Rainsplash Erosion: (See Figs.9f,9k ,91) 

In this erocion process the rainfall factor has a 

double role, both as a bank conditioning factor and as a hydraulic 

factor. As defined in this investigation, this factor is not an 

accurate indicator of the erosive capaci ty of rainfall as field 

measurements and observations suggest that only heavy rainfall from 

certain directions was significant in producing rainsplash erosion. 

The bank conditionin~ role of rainfall is more accurately defined 

as all types of rainfall have a soaking effect 'upon the banks. 

The effect of bank moisture content upon erodibility is hypothes

ised to be the same as in fluvial corrasion (i.e. increases in 

bank moisture contents decrease bank material erodibility), as in 

both erosion types the abrasive effect of water upon the bank 

materials is the dominant erosion process. This contrasts with 

the effects of high soil moisture contents upon normal rainsplash 

erosion - Mutchler and Larson (1971). 

If moisture content increased the bank material 

erodibility, a completely different erosion trend may have 

resulted because increases in the rainfall factor would increase 

both the erosive capacity of the rainfall and the erodibility of 

the banks. However, Figs. 9f,k,1, indicate uniformity of erosion 

rates through time which is probably due to the two opposing roles 

of this factor. Differences in bank material erodibility, as 

defined by the bank material factor, appear to be a less important 

influence upon rainsplash erosion than fluvial corrasion. 

The absence of any rainsplash erosion data below 

pin level 3, during all measurement periods, and at pin levels 

3 and 4 during the later measurement periods, is due to diffic.:... 
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ultieS experienced in differentiating between the erosion 

results of fluvial corrasion and rainsplash erosion where 

the two overlap. However, due to the higher overall bank 

moisture contents, at pin levels 1 and 2, and at pin levels 

3 and 4, after a rise in stage it was assumed that the eros

ive effect of rainsplash would be minimal. 

3.3 Bank Slum:Q: (Fig. 10) 

This erosion type differs markedly from the previous 

two, as both the bank conditioning and hydraulic factors have 

a different influence on erosion rates. Fig.10 indicates 

that bank slumping is restricted to periods of high rainfall 

and ground water levels during measurement periods 5 and 6, 

which suggests that increases in bank moisture contents 

the erodibility of banks to this process. The 

findings of Trask and Close (195'7) and Thomson (1970) in 

studies of the effects of soil moisture upon erodibility 

support the empirical relations defined here. Thus high 

bank moisture contents appear to increase the internal 

erodibility of soils to bank slumping. 

The importance of the hydraulic factors appears 

to be secondary to the bank conditioning factor~ as at 

Peraki stream bank slumping occurred at less than maximum 

recorded discharge, while the bank conditioning factors 

remained high. (See plate:;). However, the hydraulic 

factors do appear to ay a limited role. Because of the 

small number of observations, the importance of bank material 

is less obvious here than in the other erosion types. 
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3.4 Overhang Collapse: (Fig.ll ) 

This bank erosion type appears to be positively 

influenced by both the bank conditioning and hydraulic factors 

in the same way as bank slumping. The high bank moisture 

contents create internal instability within the overhangs, 

while the hydraulic factors operate either directly through 

contacts with the overhangs, or indirectly through the eros-

ion of lower bank areas, creating an over-steepened bank 

profile conducive to overhang collapse. Therefor~ this 

bank erosion type is distinctive in its close genetic relat-

ionship with the other bank erosion processes .(especially 

fluvial corrasion), thus indirectly, rates of overhang 

collapse are influenced by the rates of the other processes. 

There is also a relationship between bank material erodib-

ility and overhang collapse. This appears logical as the 

other bank erosion types are influenced by bank material 

erodibility, therefore a highly erodible bank may create 

overhangs faster than a less erodible bank. 
3.5 Summar~: 

The results of this analysis reveal the overall 

importance of the bank material factor during all measure-

ment periods in all bank erosion types. Eaen of the 4 

bank erosion types can be classified in terms of their 

dominant controlling factors: 

1. In fluvial corrasion and rainsplash erosion, the 

bank conditioning factors (rainfall and groundwater 

levels) decreased the bank material erodibility thus 

reducing the erosive effect of the hydraulic factor 

group. 
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2. Bank slump and overhang collapse erosion were con

trolled more significantly by the bank conditioning 

than the hydraulic factor group as these bank erosion 

types are influenced by the internal erodibility of 

the bank materials. An increase in bank moisture 

increases the erodibility of the bank materials to 

these processes. 



CHAPTER 4: HULTIPLE REGRESSION ANALYSIS: 

Each of the bank erosion factors comprising the 

j factor groups, plus the time independent factors (rainfall 

direction and current angle) are discussed in this chapter. 

A multiple regression analysis is used to provide a quantit-

ative evaluation of the roles of these factors, as defined in 

a more generalised form in the time trend anaylsis. In addition, 

the interrelation between the factors wil: be studied in terms 

of the:ir bank erosion ficance. An attempt is made to describe 

the erosive mechanisms operating. 

'rhe total data from both streams was tested for 

normality, using two computer programs; the first
X 

calculated 

the deviations from norma:ity expressed in the form of cumulative 

o frequency curves, the second applied 5 transformations to the 

data. 

Log transformations vlere to the data with 

only limited success and tuerefore the transformed data was not 

used in the analysis, . Nul e regressions pe~formed with the 

standard and transformed data produced a 9 .3>~ increase in the 

total ained variance of tile peraki data and a 1 improvement 

of the Le Bons data. The II stepIled l1 nature 0 f the curves suggGsts 

that inadequate size of the samples may be a ·weakness of the data. 

This was especi 

x 
o 

apparent among the time denendent variables. 

D.A. Preston (1970) 
program supplied by Dr. J.S. Burgess, Geography 
Department, University of Canterbury. 
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it hul tiple l1egression Analysis: 

A multiple step-wise linear regression analysis 

was used to establish the relative importance of each of 

the independent variables (erosion factors) in explaining the 

variance of the dependent variable (erosion rates) at .01 F 

levels (si ficance levels). Linear correlation between 

all variables was also performed within this program and 

correlation coefficients are used here to define variable 

relation 

e multiple regressions were run for each 

of the 4 bank erosion types, but the bank and over-

hang collapse data had 100)b unexplained variance; this was 

due to the small number of observations of each of these 

erosion types the field measurement 

The fluvial corrasion and rainsplash erosion data was 

sub-divided into pin levels, For each erosion type a multiple 

regression was performed at each pin level at all the measure-

ment periods; this enabled analysis of the time dependent 

variables. Nul e regressions were also performed on data 

sets representing each pin level at each measurement period 

enabling a comparison of the roles of the time independent 

variables during successive measurement periods. 

The bank erosion role of each factor, as aefined in 

the mUltiple regression analysis, is expressed in the text as 

a variance contribution. This describes the significance of 

an independent variable in explaining the variance of the 

dependent variable. The relevant pin level and measurement 

period(s) included in each analysis is also presented, as well 

*This program is stored on 
University of Canterbury 
Computer Program Library. 
on the University IBM 360 

disk as part of the 
Geography Department 

All programs were run 
computer. 
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as the bank erosion type under consideration. The analysis 

results presented in the text include the relevant variance 

contributions of each factor when it is discussed in the text. 

The regressions with total unexplained variance are omitted. 

The complete data is presented in the a~pendix. 

4.2 Bank Material Factor: 

In the time trend analysis general bank material 

types were defined with substantial differences in erodibility. 

These bank materials were found to have a significant control 

on bank erosion rates, especially in the fluvial corrasion 

process. 

Multiple regression analyses of each pin level at 

all measurement periods and each pin level at each measurement 

period are presented here: 

PERAKI STREAt1: Fluvial Corrasion: 
Variance 

pin Level: Measurement Period: Contributions: 
0 2 .300 

0 4 .260 

0 6 .313 

3 • 127 
6 · 113 

0 All measurement periods · 1 76 

LE BONS STREAM: 

0 2 .871 

0 4 .691 

3 .390 
2 .224 
2 3 .314 
2 4 .197 

0 All measurement periods .346 
II II II .212 

2 II II II .124 
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.R13.insplash Erosion: 

PERAKI STREAM: 
fin Leyel: 

4 4 

Variance 
Contributions: 

.27'9 

These results provide support to the conclusions 

reached in the time trend analysis, as even the minor variat-

ions in bank material erodibility within reaches which were 

included in this analysis, show relatively high variance con-

tributions. '1'he bank material factor apIJears to be more 

important at Le Bons stream, which is pro a function 

of the greater range of bank material erodibilities. 

The restricted significance of this factor to the 

lower pin levels in the fluvial corrasion process may have 

two explanations. Firstly, the lower pin levels were sub-

ject to corrasion for longer periods than the pins, 

therefore bank material responses to corrasion 60uld be 

greater. Secondly, the lower levels were semi-permanently 

saturated by, either the stream water or ground water levels~ 

therefore, the effects of varying bank moisture conditions 

would not be apparent. It ma~ therefore,be assumed that 

erodi bility cftLese banks is determined entirely by the bank 

erodibility index, rather than by bank conditioning factors. 

The higher variance contributions of the pin level 0 data 

(below low water level) may be explained by the fact that a 

wet erodibility index was applied to these bank materials 

(i.e. the aggregate stability test was performed on the 

samples natural moisture contents). This appears to be 

a more realistic index as these bank materials exi in a 

permanent state of saturation. 
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The regression results indicate that bank material 

erodibility also has an influence upon rain erosion rates 

at Peraki stream. 

Bank Moisture Conditions: 

In the time trend analysis bank moisture conditions 

were hypothesised to have an important control on the erodibil-

ity of bank materials. 

The influence of moisture content upon the erodibil-

ity of bank materials was tested in the laboratory using the 

aggregate stability test. This test is an a~proximation of 

the conditions existing during fluvial corrasion (i.e. it 

simulates the action of turbulent water u~on soil aggregate 

surfaces)~ therefor~ the results are cable only to this 

erosion process. 

Two banI,;: material were tested -

1. The pin level 0 bank materials, which exist in a state 

of permanent saturation. 

2. The bank materials from levels above low water 

level which are subject to changes in moisture 

conditions through time. 
-

~oth groups indicate a significant decrease in erodibility 

with increasing moisture content. The bank materials with 

high sand content show only a slight decrease in erodibility 

while the silt/clays indicate a substantial decrease in erod-

ibility. (See • 12 ) Thcise trends may be accentuated by 

the fact that sandy soils have a lower moisture capacity than 

the silt/clay bank materials. Therefore,it appears that the 

nature of the bank materials is an important control on the 

bank material response to moisture conditions. In the time 

trend analysis bank material response to bank moisture condit-

ions was assumed constant for all bank material types. 
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Considerable research has been conducted on the 

influence of moisture upon the erodibility of soils. Trask 

and Close (1957) in a study of clays and clay-sand illixtures 

demonstrated that substantial losses in shear strength occurred 

with increases in moisture content. 'llhomson (1970) emphasised 

the importance of hi 

material erodibility. 

ground water conditions in increasing bank 

These studies hav emphasised the effect 

of ;Jloisture content upon the:Lnternal erodibility of soils (i.e. 

the int resistance of soils to e and shearing). 

Combining the findings of 'l'rask and Close, and Thomson 

with t~e findings reached here, it ars that bank moisture 

increases bank material resistance to fluvial corrasion and 

possibly rainsplash erosion, while decre the material 

resistance to slumping and overhang collapse. 

Wolman (1959) considered the soaking effects of 

rainfall upon the banks to be the most tant factor in 

increasing bank erosion rates. He was, however, referring 

to total erosion rates (i.e. the erosion rates of all the bank 

erosion s were considered in total). Therefore, it may be 

possible that t~e large increases in total erosion high 

bank moisture conditions and high discharges defined by 'Nolman, 

were the resL,l t of bank slumping and overhang collapse rather 

than fluvial corrasion and rainsplash erosion. 

Bank Conditioning Factors: 

As described in the time trend analysis the 

bank conditioning factors have an important control upon 

the erodibility of the bank materials at a particular time. 
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Each of these factors will be studied in terms of their 

bank conditioning functions and also their secondary roles 

in the 4 bank erosion types. 

4.3 Rainfall Factor: 

The rainfall parameter adopted here is a measure 

of the total in situ rainfall 14 days prior to the maximum 

recorded discharge during each measurement period. It was 

hypothesised that the rainfall total of this period would 

be a realistic measure of antecedent bank moisture conditions, 

prior to the most ficant bank erosion event. This factor 

was not statistically significant in the lrmltiple regression 

analysis, which may be at least partially explained by limi 

ations of the field measurement techniques and assumptions. 

In order to accurately define the effective rainfall in bank 

moisture supply, an evapotranspiration correction coefficient 

could have been used. In addition, the operational definition 

of this factor has an inherent bias, as it is assumed that only 

large increases in the hydraulic factors are important erosive 

events, thus the role of rainfall factor during low flow is 

inadequately defined. 

Rainfall operates in bank conditioning in two ways, 

directly by rainfall percolation through the soil surface on 

the bank top and through the bank face, and indirectly as a 

supplier of water to the ground water body. The high correl-

ation between these two factors, as revealed in linear correl-

ation analysis may be supporting evidence: 
Rainfall - Groundwater relationshi~: 

Correlation Coefficients 

Peraki stream 
Le Bons stream 

-.94 
-·92 
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The close rainf1a,ll - discharge relationE;hip as 

suggested in the time trend analysis is also evident in the 

correlation analysis. 

Rainfall - Discharge relationship: 

Correlation Coefficients 

Peraki stream 
Le Bons stream 

There are two aspects to the rainfall- discharge 

relationship, whi ch may be important. Firstly, rainfall may 

have a contributory effect upon discharge, both through direct 

rainfall into the stream and from runoff. Secondly, and more 

importan~,are the roles of these two factors i~ the bank 

conditioning-erosive capacity relationship as described in 

the time trend analysis. The fact that no statistically 

Significant variance contributions were evident for either of 

these factors in the multiple regressions of fluvial corrasion 

and rainsplash erosion is not surprising in the light of their 

opposing erosion roles, as defined in the time trend analysis. 

The same reasoning may be used to explain the statistical 

insignificance of the ground water factor. 

4.4 Ground Water Factor: 

An average ground water height parameter was cal-

culated for the two closest ground water holes to the bank edge 

at both streams for each measurement period. This data was 

included in the multiple regression analysis of each pin level 

at all measurement periods but the results were inconclusive. 

This may be partially explained by the limited 

nature of the sample, and other field measurement assumptions. 

At each stream one ground water site was established and the 

readings were applied to all reaches. But such factors as bank 



material may influence the rates of ground water response 

to discharge and rainfall, therefore different ground water 

levels may have occurred within each bank material type. 

fferences in bank height between reaches may also have 

influenced the bank conditioning effects of this factor. 

The operational definition of this factor, maximum monthly 

ground water levels, may be unre stic, as this level would 

be reached only momentarily at peak discharge levels. 

l'1aximurn he t frequency may have been a more realistic 

parameter but this would require continuous recording equip

ment. Another potentiallY significant weakne!3s which is 

relevant to all the time dependent factors is the limited 

number of measurement periods. The unusually uniform 

environmental conditions during the period of field measure

ments also contributed to the limited sample of these factors, 

The ground water hydrograph (Fig.13) derived from 

field measurements provides information on the nature of ground 

water movements and their influence upon bank erosion. During 

Hay 7-8, 1971, at reach 3 of peraki stream ground water response 

to an increase in s e was monitored. The ground water hydro-

graph illustrates the response time lag between ground water 

levels and stage; this concept has been termed, response 

interval. 

The response interval between ground water and stage 

increases with distance from the bank edge. Ground water holes 

1 and 2 had a response interval of 1 hour durinG rising stage, 

holes 3 and 4 reached maximum height 2 hours after peak discharge 

and holes 5 and 6 exhibit a 4-5 hour response interval. Hole 

7 which is furthest from the bank edge had a surprisingly low 
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2-hour response interval. During falling stage the response 

intervals of all holes were much larger, for example, hole 1 

had a 4-5 hour response interval. 

Fig.13 illustrates the significance of these 

response intervals in terms of ground water gradients and 

associated ground water movements. 

ions can be defined: 

Groundwater recharge (levels 1 to 4): 

Two ground water condit-

During this phase 

the ground water gradient away frOill the stream resulted in 

the entrance of stream water through the banks. 

Groundwater discharge (levels 5 to 8,): During falling stage 

the increasing response interval with distance from the stream 

resulted in a gradient towards the stream, producing ground 

water discharge through the banks into the stream. 

The nature of these ground water movements suggests 

that rates of fluvial corrasion may be greatest during the 

period of rising stage when the hydraulic factors would be 

acting upon the relatively dry banks. The erosive effects 

of ground water levels upon the bank slump and overhang 

collapse processes, may be greatest during ground water 

discharge as the movement of large volumes of water out of 

the banks may reduce bank stability, The large response 

intervals during this stage caused the ground water levels 

to be kept flhanging" in the banks above the stream; in this 

situatibn the greater hydrostatic stress of the water within 

the banks may have been another erodible influence. These 

high ground water levels may also contribute to bank instab

ility through the reduction of the bank material shear 

strength producing slumping along planes of weakness. The 
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soaking effect of high ground water levels may also reduce 

rainsplash erosion rates. 

It should therefore be eviden~ from the erosive 

mechanisms described, that the close relationship between 

ground water movements and discharge has a significant effect 

upon bank erosion processes. The correlation coefficients 

between these two factors for both streams are evidence of 

the closeness of this relationship: 

Groundwater - discharge relationship: 

Correlation Coefficients: 

peraki stream 

Le Bons stream 

-.96 

.86 

Bank face vegetation can have either an accelerating 

or decelerating influence upon bank erosion depending on the 

nature of the vegetation. Water cress was observed on the 

lower bank areas of several reaches at Peraki stream. This 

rapidly growing, bulky plant was observed to have an acceler

ating influence upon erosion as even at low discharges the 

drag effect of water upon these plants resulted in the removal 

of the vegetation and with it, the bank material. In contrast, 

mosses growing on the bank face had a protective effect due to 

their dense coverage of the bank and small plant size (see 

plate 6 ). This vegetation type appears to· be able to wi th

stand prolonged dry periods in the form of spores, and then 

responds quickly to increases in soil moisture. 

A multiple regression was performed on data from 



! I ~ tc L. : 
1 Of" e;rcl'linc on the lower bank 0 f Peraki Strea..i, 
reach 1 , lover pin vi ibll.; 0 10. tl'O\,\.-l. 
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all reaches at measurement periods 5 and 6 as prior to this, 

moss coverage was limited and therefore had no erosive 

nificance. 

Perald stream ~reaches 1 & .4) Fluvial Corrasion 

Variance 
Pin Levels: Contri bu tions: 

2 6 .455 
4 5 .407 

This factor was statistically significant only at 

reaches 1 and 4; these reaches had the highest percentage of 

moss coverage. The importance of this factor at measurement 

periods 5 and 6 only, may be evidence of the rol.es of ground 

water and rainfall as supplies of bank moisture for moss 

growth. 

1'106S growth appears to be influenced by the relat-

ionship between the bank conditioning factors and the hydraulic 

factors through time. During the period of field measurements 

increases in rainfall and ground water levels in association 

with low to moderate discharge levels allowed the growth of moss 

to a level where it became an important bank protective factor. 
( 

However, if high discharges had occurred during the early meas-

urement periods fluvial corrasion may have removed the moss 

spores thus prevent~ng moss growth in the short term. 

This factor appears to hold a unique position among 

the bank erosion variables as its exi ence is determined both 

by the bank conditioning and hydraulic factors, But once 

established, moss can have a significant influence upon the 

efficacy of both factors in fluvial corrasion. 

Schumm and Lichty (1963) in an investigation of 

IlChannel Widening and Floodplain Construction" along the 



Cimmarron River in South Kansas implied a similar set 

of factor relationships through time. They distinguished 

between a period of (p79) "wet years and low water which 

allowed a vigorous growth of vegetation, stabilizing existing 

depositsll, and a period of low rain with scant vegetation 

during which a destructive flood occurred. 

4.6 Rainfall Direction Factor: 

One of the earliest research investigations of 

rainsplash erosion was conducted by Ellison (1947)j he consid

ered this to be an important hill slope erosion process. It 

has since been studied in detail by other researchers. The 

effectiveness of rainsplash upon vertical bank surfaces appears 

to be considerable, due to the more direct influence of grav

ity. Because of the vertical nature of the banks and their 

limited soil surface area it was hypothesised that the degree 

of exposure of banks to the dominant heavy rainfall direction 

may be important. 

Due to the topographic characteristics of se two 

Banks Peninsula valleys, heavy rainfall was experienced only 

from certain directions. Peraki valley is open to the south 

west, therefore received heavy rainfall from. this direction, 

while Le Bons valley received heavy rainfall only from the east 

and south west. The orientation of the banks to these rainfall 

directions was measured for each pin site. 

This factor was not included in the time trend 

analysis due to its constancy through time, however, the 

mul regression results reveal this to be an important 

rainsplash erosion factor. 



Measurement Variance 
Period: Contributions: 

peraki stream 4 6 .346 

Le Eons stream 4 5 .323 

5 2 .308 

5 3 .306 

5 4 .475 

4 All measurement .200 
periods 

5 All measurement 
periods .299 

The restricted significance of tilis factor to pin 

levels 4 and 5 may be due to the lower bank moisture contents 

in this area of the ba:hks, as these levels exist between the 

two dominant bank moisture regions. The lower bank (pin levels 

1,2,3) is supplied by ground water levels and in the upper bank 

(above pin level, Lr), the bank moisture is derived from the 

percolation of rainfall through the upper soil surface. The 

higher variance contributions at Le Bons stream can be explained 

by the more favourable orientation of the banks to the heavy 

rainfall di~ections. As the regression results indicate, the 

erosive importance of this factor appears to increase in the 

later measurement periods when total daily rainfall figures are 

higher. 

The validity of this facior may be influenced by 

the fact that rainfall directions do not retain complete 

constancy. There are also other factors which may be important,~g. 



rainfall intensity, ·which would be a function of wind speed, 

and could influence rainsplash erosion rates because the 

wind speed would increase the impact velocity of 

the raindrops, erosion rates. 

~ydraulic Factors; 

In the time trend analysis discharge Was assumed 

representative of the hydraulic factors which combine to 

determine the erosive capacity of each stream. The average 

of the correlation coefficients between discharge, discharge 

frequency (high, moderate and low) and current velocity was 

.86 which is evidence of the close relationships between these 

factors. 

monthly di data was included in a 

series of mul e regressions of each pin level at all measure-

ment periods; howeve~ this factor was statisti insignificant. 

at peraki stream and of little importance at Le Bons stream. 

(all measurement periods) Fluvial Corrasion 

Pin Level: 

o 
2 

4 

Variance Contributions: 

.032 

.127 

.084· 

As mentioned earlier in the discussion of the rain-

fall factor the statistical insignificance of discharge is 

supporting evidence of the time dependent relationship between 

the hydraulic and bank conditioning factor groups. 

4.~ Discharge Frequency: 

This concept has been used extensively by hydrol sts 

and germorphologists in studies of the factors influencing river 

channel characteristics, for example, Leopold, Wolman and Mi er 

(1963) and Leopold and Haddock (1953). 
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In this investigation the arbitrarily defined 

discharge frequencies are of small magnitude and are 

monitored over a short time period. Therefore, the roles of 

these three discharge frequencies may change considerably in 

a longer term study. This is a more realistic concept than 

maximulU discharge as it introduces the time factor; however, 

in the absence of continuous recording equipment the methods 

used to define the frequencies are a potential weakness. 

Leopold, Wolman and Hiller (1963) proposed that 

medium frequency, moderate energy events are the most import

ant conttol on channel morphology. However, th.e results of 

the time trend analysis suggest that a consideration of any 

one factor in isolation of other factors is being unrealistic, 

in the short term context of this study. 

Bank material appears to have an important assoc

iation with discharge frequency: as each bank material type may 

have its own critical discharge frequency (i.e. the discharge 

frequency at which erosion begins)} as the hydraulic erosive 

capaci ty reqUired to erode different bank materials may vary. 

For example, the critical discharge frequency of a resistant 

bank material will be a low frequency high energy discharge, 

while more erodible bank materials would respond to a greater 

range of discharges. 

A series of multiple regression analyses were 

conducted using separate data sets consisting of one pin level 

of uniform bank material erodibility at all measurement periods, 

in addition to the standard analyses: 



peraki stream 

peraki stream 

Pin 
Level: 

(Reach 

2 

2 

3 

3 

3 
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Fluvial Corrasion 

Bank 
r1aterial Type 
(Erod. Index): Factor: 

1) All measurement periods 

7.39% Low Disc. Freq. 

7.39% High Disc. Freq. 

43. High Disc. Freq. 

• 17% Low Disc • Freq. 

All measurement periods 

iVledium Disc. Freq. 

iVledium Disc. Freq. 

Variance 
Contribn. 

.548 

.011 

.671 

.423 

.140 

.253 

These results indicate that although medium discharge 

frequency is important over all, the bank material types during 

all the measurement periods, different bank materials appear to 

have different critical discharge frequencies. A possible 

weakness of this data exists in the assumption that all pin 

levels have the same discharge frequency. This farit, combined 

with the subjective measurement technique used, makes the valid-

ity of these results questionable. 

4.9 Current Velocity: 

This factor was observed to change between different 

reaches and wi thin each reach through time.J, there fore) was analysed 

over all measurement periods and within each measurement period. 

Peraki stream 

, 
Le Bons stream 

Fluvial Corrasion 

Pin Level; Measurement Period: 
7-
../ 

6 

2 6 

2 4 

7-2 ../ 

Variance 
Contl'nB: 

.213 

.100 

.200 

.285 

.150 
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peraki stream (All measurement periods) 

evel: Variance Contus. 

2 
3 

.279 

.063 

The absence of any variance contributions at 

measurement periods 1 and 2 may be an indication that 

current velocity is unimportant at low discharge levels. 

The lesser significance of current velocity as an erosive 

factor at Le Bons stream may be d by the low.er Qverall 

current velocities in this sub-estuarine area. This factor 

appears to be most important at the lower pin levels. 

4.10.Current Angle: 

The current angle used in this study is 

assumed to be the quanti tati ve expression of the 11thalweg" 

position within each stream. '11he importance of the lithalweg 11 

in bank erosion has been explained by several researchers, 

Wolman (1959), Fisk (1947) and Thomson (1970). But few, if 

any, field measurements have been made of this factor. 

The angle of current attack upon the banks was 

measured at all pin sites, and except for a few sites at 

reach 1 peraki stream, this factor was assumed to be time 

independent and therefore not usable in the time trend analysis. 

Multiple regressions including this factor were run for each 

pi? level during each measurement period. 

Fluvial Corrasion 

1"1easuremen t Peri od : 

4 5 .248 

The limited significance of this factor in the 



multiple regression may be at partially d by 

the two scales at which current es operate. On a small 

scale, variations in plan shape morphology wi thin a reach are 

reflected in varying current angles. F'or example, the up-

stream side of a bank promontory often has a large of 

current attack while the downstream side may have a negative 

current angle (i.e. the main flow s are directed away from 

the bank). On a larger scale the well documented fact that 

the"thalweg"is positioned close to the outer bank in curves 

and centrally located in straight reaches is tested the 

current angle parameter. The role of this factor may be 

different at the two scales and as they were analysed together 

in the multiple on analysis; this may explain the 

ed results. 

The regression result cited above does indicate 

one ficant fact, that this factor is most important at 

higher discharge levels. This suggests that although current 

s were assumed constant through time, the erosive import-

ance of this factor increases with the other hydraulic factors. 

II II 
It is hypothesised here that the role of the thalweg in bank 

erosion may be a fUnction of two hydraulic factors; the 

angle of current attack upon the banks and the current velocity 

(an indication of the energy acting upon the banks), 

Bank Morphology: 

study of the morphological properties of stream 

banks is relevant to bank erosion research in two ways. 

Firstly, the vertical and shape morphology of the banks 

may be used as indicators of the nature of bank erosion proc-

esses. This approach was used in the engine investigations 
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of Missi River bankerosion, sk (1947), stanley, 

Krinitzky and Compton (1966). Secondly, bank morphology 

can also be considered as a factor influencing bank eros

ion rates. 

Although this factor was not explicitly defined 

in the analysis techniques of this study its role as a bank 

erosion factor can be determined through its relationship 

with the bank material and current angle factors at two 

scales. 

Small Scale Bank Morphology: 

Within a reach,variations in plan shape morphol

ogy are closely related to bank material erodibility. Bank 

promontories are formed because of the low erodibility of 

the bank materials ,and are a function of higher 

bank material erodibility. Once formed, promontories create 

a larger current angle, due to their morphology, and therefore 

the erosive capacity of the stream water over-compensates for the 

loW erodibility of the promontory bank materials. This increases 

the promontory erosion rate, thus tending towards a straighter 

bank profile. Once this is achieved the erosive effectiveness 

of the currBnt angle have been reduced due to the straighter 

banks; therefore, the erosion rate will be the same as that of the 

surrounding bank areas, 

In this hypothetical example the interrelationships 

between the bank material, current angle and the bank morphology 

produce a situation of dynamic equilibrium through this negat

ive feedback relationship between bank morphology, current angle 

and bank material. 

Large Scale Bank Morphology: 

On a larger scale the existence of two basic bank 
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morphologies, straight reaches and curves, is also a function 

of kiank material erodibility; curves usually have more erodible 

bank materials than straight reaches. These morphological 

types also have a feedback relationship with current angle 

as they enhance the erosive effect of this factor, in that 

an increase in erosion along a curve will tend to increase 

the angle of curvature, thus increasing the current angle etc. 

etc. This positive feedback relationship produces a situat

ion of disequilibrium. 

This brief discussion on bank morphology is intended 

to emphasise the fact that, although iil the short term context 

of this investigation, bank mor.phology is merely the result of 

the bank erosion process, when considered in the long term, 

bank morphology becomes an integral part of this bank erosion 

process. 



"HONEYCONBH BANK EROSION: 

Along reaches 4 and 5 of the Le Bons strerua, a 

completely different type of erosion process was observed and, 

to a limited extent, measured. The distinctive micro-morphol

ogy of the silt/clay banks suggested the term Ithoneycombll bank 

erosion to describe the process (see plate NO.9). Due to 

difficulties encountered in measuring this process, it was not 

possible to quantify the· analysis, therefore the conclusions 

reached are tentative. 

Bank Morphology: 

Micro~orpholog~ - the most distinctive characteristic of these 

banks is the dense network of small holes covering the bank face. 

All of these holes have a characteristic shape; from the bank 

face they penetrate horizontally into the bank 15-20cm then 

chang~ to a vertical plane. Initially each hole is formed independ

ently, but often the holes become interconnected in time. Hole 

diameters are largest at the bank face (ranging from .2cm to 5cm) 

and decrease in size within the bank. The physical characteristics 

of these IIhoneycombl1 holes change through time, therefore 3 ma tur

~ty levels have been defined. (see plates 7,8,9) 

Field observations and measurements of changes in 

the maturity levels and related morphology of the banks can be 

used to infer the nature of the erosion process and some of the 

factors influencing it. 

Nature of the Process: 

When compared with normal fluvial bank erosion this 

is a moderate to long term process; a full erosion cycle may take 

more than two years. In order to explain the cyclic properties 

of this process an initial fresh bank surface is assumed. 



Le Bons stream, Reach 4, llHoneycombll Erosion 

maturity grades: 

Plate 7: Immature IIHoneycombingf! - pe'n length 
15.25cm. 

Plate 8: Mature flHoneycombing li • 

Plate 9: Very Mature "Honeycombing", 

Photograph scale in inches 





When exposed to estuarine tidal fluctuations 

minute holes were formed in the lower bank. As time passed 

these holes increased both in frequency and size covering a 

wider bank area. rrhe intensity of llhoneycombing" decreases 

above the intertidal zone of the lower bank. Observations 

were made and photographs taken over a 5-month period (January

June); the maximum observed increase in hole diameter was 3mrn. 

The rate of llhoneycombing li appears to increase with maturity. 

Once the very mature stage is rSi.'J-ched the banks are sufficiently 

weakened to produce three types of bank collapse: 

(1) partial bank collapse - involves the collapse of small 

sections of the bank face. 

(2) Overhang collapse - gradual removal of material during 

rlhoneycombll formation and subsequent partial bank collapse 

creates an over-steepened bank profile with an overhang in the 

upper bank; this eventually collapses. 

(3) Bank collaI,se - compl ete bank collapse may occur during or after 

overhang cOllap:se. This usually occurs along a vertical plane of 

weakness 15 to 20cm in from the bank face vrhich often coincides 

wi th the maximum linli t of "honeycombing!!. Following b,ank 

collapse a fresh bank surface is revealed and the erosion cycle 

begins again. 

The bank material eroded during this erosion cycle 

is deposited at the base of the bank and often remains for 

several months, during which time the winnowing action of 

estuarine tidal fluctuations disperses the material over a 

limited area contributing to the bank pediment. 

Factors Influencing the Process; 

Biological Factor! 

The most important bank erosion factor in this estuarine 



area is in fact a biol cal one. Numerous small crabs were 

discovered within the banks and were identified to be *Helice 

a species of' estuarine crab comJ!lOn in New Zealand estUaries. 

Linzey (1944) in a study of the Avon-Heathcote Estuary, near 

Christchurch, mentioned that (p. 365) lithe serious damage caused 

J:w crabs I burrows between the tide marks has necessitated the 

construction of concrete breastworks to combat the erosion". 

According to Beer (1959) the feeding habits of 

Helice Crassa include the extraction of organic matter from 

estuarine mud, using their legs for and mouthparts 

for sifting out the organic matter. Beer observed Helice Crassa· 

(both in the field and laboratory) constructing burrows and noted 

the characteristic shape of these burrows which is very similar 

to that observed at Le Bons stream. Both of these behavioural 

characteristics of Helice Crassa suggest that these crabs may be 

fundamentally important in producing this distinctive IIhoneycombll 

bank micro-morphology. 

Fluvial Factors: 

Once formed, the development of these "honeycomb" 

features is influenced by fluvial factors of this estuarine 

environment. fluctuations' appear to have a gradual erosive 

influence upon the banks (i. e. widening the tlhoneycombll holes). 

While the precise mechanisms involved are not known, the salinity 

of stream water may be important. This is evidenced by the fact 

that the "honeycomb" erosion· rate appears to decrease upstream to 

a point where the estuarine environment ceases (see fig.: 3 ) . 

Salinity also decreases upstream reaching zero above this point. 

10 metres upstream of this estuarine boundary there is no evidence 

of IIhoneycombll erosion while 10 metres dovmstream limited IIhoney-

combing U exists at reach 1. A controlled Aggregate Stability 
* Identified by courtesy of University of Canterbury Zoology 

Depar tmen t . 



Test was conducted with saline and tap-water with an increased 

period (2 minutes) bu~ there was no ficant differ-

ence in the results. This test could be misleading as the action 

of salinity upon bank materials may be a very gradual long term 

process. 

Comparison of bank photographs over 4 months suggested 

a e relationship between IlhoneycombH erosion rates and 

discharge: 

Harch April 

April - June 

~ , 

4.6m.,) Isee. 

50m3/sec. 

IvIaximum 
Erosion: 

lmm 

3mm 

A multiple regression analysis was performed upon the bank slump 

and overhang data, however the results indicated 100% 

unexplained variance. Although this is partially due to the 

small number of observations of these processes, it may also be 

an indication of the nature of these processes. measure-

ments and observations suggested that these erosion s are 

controlled more by the maturity level of the bank than any of 

the other factors. 

There Was a large increase in deposition measured on 

the bank pediment during the Nay and June measurement periods: 

l'1e an Mon thly: 
Deposition 

May 15mm 

June 25mm 

'1'he se high deposition rates are probably due to the increased 

bank slumping measured during these two periods and subsequent 

breakdown of the material depo ting it upon the bank pediment. 
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The bank material factor appears to have an influence 

upon both the biological and fluvial factors. The presence of 

this biological process is determined by the bank material as 

Helice Crassa is known to inhabit a limited range of bank material 

types. This could explain the absence 0 f any II honeycomblf erosion 

in the sandy silt of reach 3 which is situated between 3 silt/clay 

reaches with evidence 0 f IrhoneycombingH~ The insigni ficance of 

fluvial corrasion as an erosive ocess (as indicated by pin 

measurements of fresh bank surfaces) must be at least partially 

explained by the low erodibility values of the bank material and 

their permanently saturated condition due to tidal fluctuations: 

Heach 4 55. '(6% (average of 6 samples) 

Reach 5 48. (average of 6 samples) 

Fluctuations in ground water levEils induced by tidal 

influences and normal diSCharge variations may also play a part 

in the tlhoneycombingJl process and in increasing bank stability. 

Salinity samples taken from the ground water holes 

at reach 5 Indicate uniform salinity values up to 4 metres in 

from the bank edge. This suggests that there may be a consider-

able interchange of strerun water and ground water through the banks. 

In association with ground water, insitu rainfall may - -~--~ .. ~--

be important through its weighting effect upon the over-steepened 

banks contributing to the overhang and bank collapse. 

Although both the nature of this process and the 

factors influencing it have not been defined and analysed, by 

using the bank morphologies as indicators of the process which 

UNiV"K:-,; Y "I' C.AhiTERBURY 

CHH.lSTCllURCH, N,Z, 
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formed them, it has been possible to subjectively study this 

particular bank erosion problem. The unique characteristics 

of this process in comparison with fluvial and sub-estuarine 

bank erosion indicate just how important small changes in 

environmental factors can be in determining bank erosion. 
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CONCLUSION: 

An attemlit has been made 1:;0 elucidate the complex 

environmental interrelationships involved in stream bank erosion. 

However, due to problems encountered in the representativeness of 

the sampling program, measurement accuracy and analysis, the orig-

inal objectives have not been completely achieved. 

conclusions are summarized here: 

The main 

t. At peraki stream and at the sub-estuarine area of Le Bons stream 

there appear to be 4 major bank erosion types - fluvial corrasion, 

rainsplash erosion, bank slump and overhang collapse. Within the 

short term context of this study, fluvial corrasion is the most 

important process. 

2. Bank rna terial erodi bili ty a}'pears to have a very important control 

on the bank erosion rates of the 4 erosion types. 

3. The moisture content of the banks as supplied by the rainfall and 

ground water factors has a significant influence on the erodibility 

of all bank materials, Moisture content decreases fluvial corrasion 

and rainsplash erosion rates, while increasing bank slump and overhang 

collapse rates. Differences in the moisture capacity of different 

bank material types suggest that the erosive effect of bank moisture 

conditions varies between bank materials. 

4. The hydraulic factors determine the erosive capacity of the stream 

water. The actual erosive effect of these factors is influenced by 

the moisture content of the banks at a particular time. 

5. Ground water levels appear to be the dominant bank slump factor 

through the relationship with discharge and, to a lesser extent, 

rainfalL 

6. Overhang collapse is fundamentally controlled by the nature of the 

vertical bank profile. Fluvial corrasion t~nds to create an 



over-steepened bank profile conducive to overhang collapse, while 

bank slumping creates vertical bank profiles. 

7. The angle of current attack upon the banks is suggested to have an 

important influence on the plan shape characteristics of stream 

channels through its relationship with bank material erodibility. 

8. In a long term the plan shape morphology of a stream may be an 

important bank erosion factor through its feedback relationship 

with the other bank erosion factors. 

,9. The peculiar characteristics of the Le Bons estuarine bank processes 

emphasise the fact that the nature of stream bank erosion is condit

ioned by the physical environment in which it is set. 

Because of the highly interrelated nature of these 

bank erosion factors it has not been possible to objectively 

evaluate the importance of each facto~ as the significance of each 

factor deIJends upon its relationships with the other fae tors. 

The most important weakness of the multiple regression 

analysis was the fact that the full signi f'icance 0 f the time depend

ent factor relationships was not apparent from this analysis 

technique. However, despite the somewhat less stringent nature 

of the time trend analysis, this technique did reveal the 

important time dependent nature of these bank erosion processes. 

There are also other reasons for the high unexplained variance 

which characterizes the multiple regression results. 

Firstly, the process-response relationshin upon which 

this study was based, assumes an instantaneous relationship between 

the processes operating (bank erosion factors) and the response 

mechanism (bank erosion rate). However, due to the cohesive 

nature of these stream banks, there appears to be a considerable 

time delay. The process factors appear to have a cumulative 

effect upon the banks rather than a direct process-response effect. 



The significance of this fact is apparent through a comparison 

with beach processes - Dolan (1966) - in which a very small, 

known time delay was observed between the action of the processes 

and the response of these non-cohesive sediments. This particular 

problem may be partially reduced in longer term bank erosion stUdies 

where the mrocess-response time delay would form a less significant 

proportion of the total measurement period. 

The representativeness of the sampling program is 

another weakness of this investigation. This is especially true 

of the time dependent factors, as the limitation of the small 

measurement period (6 months) was aggravated by the occurrence 

of an unusually dry period, therefore the data showed only limited 

variation during the 6 measurement periods. 

A third possible weakness may have existed in the 

operational definitions of the factors, as their validity was 

limited by the reliance upon maximum monthly data as against 

continuous records, due to the limitations of the field measure-

ment techniques. In addition, possible measurement errors 

involved in the use of these techniques cannot be discounted. 

The bank erosion factors defined in this study were 

based upon the findings of past research. In the case of Wolman 

and Twidale, their more generalized conclusions have been consid

ered in more detail, sometimes with conflicting results, while the 

more theoretical concepts of the engineers have been supported by 

this field investigation. 

Finally, it shOUld be emphasised that the findings of 

this study have limited application beyond tlie area of field work, 

Banks Peninsula, because of the uniqueness of this physical environ

ment. 
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Recommendations for Future Research: 

There is much scope for future research in this 

particular field, as the findings of this study should indicate. 

The success of future research will depend upon an increased 

sampling program. This could be achieved in a longer term 

study (minimum of 12 months of field records) during which, 

continuous records were kept. However, due to the practical 

problems involved, the best results may be d from the study 

of a smaller number of factors in greater detail. 
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APPENDIX 

The results of the multiple regression anaJ-ysis are presented 

here in full. 1ne following are the labels given to the 

variables in the analysis: 

PERAKI STREAH: LE BON S STREAM: 

Xl bank erosion rate Xl bank erosion 

X2 - bank material erodibil- X2 - bank material erodibility 
ity 

X3 - current angle X3 - current angle 

XL~ - rainfall direction XLI- - rainfall angle 

X5 - vegetation X5 - current velocity 

x6 - current velocity x6 - discharge 

X7 - discharge X7 - high discharge frequency 

x8 - high discharge frequency x8 - medium discharge frequency 

X9 - medium discharge freq- X9 - low discharge frequency 
uency 

Xl0 - low discharge frequency Xl0 - rainfall 

Xll - rainfall Xll - ground water 

X12 ground water 



Anallsis Typ~ __ l - includes data for each pin level at all 

measurement periods. 

Variance Unexplained 
Contributions: Variance {%) 

PERAKI STREAIvI: 

0 X2 .176 All variables included 82 

X9 .140 11 II rt 86 

2 x6 .279 II II " 
3 X9 .253 II II " 74 

X6 .063 

4 X3 .071 II II 11 

LE BONS STREAl'1: 

0 X2 .346 All variables included 62 

X6 .032 

X2 .212 79 

2 X2 . 124 

X6 .127 

3 

4 X4 .200 

X6 .084 

5 X4 .299 63 

Xl0 .067 



PERAKI STREAM: 

ludes data for each 
measurement period. 

level at each 

Pin He 
Leve 1 : =::::::.:.:=-...:.:.;:c.-:-""""",:,,,,-,,-,-

Variance 
Contributions: 

Variables 
Included: 

o 

o 

o 

2 

2 

3 

4 

4 

4 

o 

2 

2 

2 

4 

* 5 

5 

5 

4 

6 

3 

6 

4 

6 

6 

4 

5 

6 

4 

3 

3 

4 

5 

2 

3 

4 

X2 .300 

X2 .260 

X2 .313 

X6 .213 

X2 .127 

X2 .113 

X6 .100 

X6 .2 

X5 .455 

X6 .200 

X4 

X2 

X5 

X3 
XIt 

X2 

X2 

X2 

X2 

X2 

X5 
X2 

X4 

X4 

.287 

·279 

.407 

.346 

.871 

o 

.314 

.150 

.197 

.323 

.308 

.306 

.475 

Xl, X2 ,X3 ,X6 

Xl , X2 ,X3 ,X6 

Xl ,X2 ,X3 ,X6 

X1,X2,X3,X4,X6 

Xl,X2,X3,X4,X6 

Xl,X2,X3,X4,X5,X6 

X1,X2,X3,X4,X5,X6 

Xl,X2,X3,X4,X5,X6 

Xl,X2,X3,X4,X5, 

Xl,X2,X3,X5 

Xl, X2 , X3 ,X5 

Xl,X2,X3,X4, 

X1, X2 i X3,X4,X5 

Xl,X2,X3,X4, 

Xl ,X2 ,X4 

X1 ,X2 ,X4 

Xl ,X2 ,X4 

74 

69 

69 

78 

71 

47 

71 

'72 

49 

65 

31 

13 

61 

77 

55 

80 

67 

69 

63 

52 

(For both streams all other pin levels and measurement periods 
had 10ryfo unexplained variance.) 

* This pin level was never reached by the strerun water level, 
therefore only subaerial factors included. 



- at Peraki reach 1 analysis was performed on 

data for each pin level of uniform bank 

material type at all measurement periods. 

Pin Bank J:v1ateria-l Variance 
Level~ Erodibilit~ Contributions: 

Variables 
Included: 

UnexElained 
Variance (%) 

2 7.39 X1Q .548 

2 7.39 x8 .011 

3 43.75 x8 .671 

"2 
J" 23.17 Xl0 .423 

(All other pin levels and bank materials had 1 007~ 

unexplained variance.) 
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FIGURE 3 
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