
EXPOSED COASTLINE MANAGEMENT IN

THE DEVELOPING WORLD

Problems associated with transient coastal sediment
dynamics caused by man in the developing world
(erosion and accretion in the wrong places) are 
increasingly affecting the environmental quality of
several of these coastal areas and the quality and life
style of the inhabitants (Hayes, 1984). This state of
affairs can be attributed to a poor understanding of the
relationship between the various elements that affect
the stability of the beach environment by the relevant
planning authorities. Data acquisition programmes for
parameters such as winds, nearshore currents,
bathymetry and so on related to defining beach states
are expensive. Developing nations are therefore unable
to provide an adequate data pool for studies on 
shoreline dynamics and coastal management. 
(Hayes, 1984; Awosika, 1992).

Abstract

The exposed coastline at the Victoria Island Barrier
Beach in Nigeria was replenished with sediment early 
in 1986. This was followed by a monitoring programme,
which investigated the behavioural characteristics 
of the beach, using beach sediment states defined 
from a beach state-time plot (s-t plot).

A Weibull distribution was used to simulate the 
recession limbs of the s-t plot. The resulting model
shape and scale parameters were computed for this
plot through a linear fit. A value of 90% was obtained
as a measure of model objective function. A regression
equation was derived which can be reasonably applied
to ungauged beach control volumes. The shape 
parameter showed a lower variability in comparison 
to the scale parameter for the two failure cycles 
investigated. Analysis of the beach states suggests
that initial estimates of the probability of beach state
failure were high. However, this probability reduced to
an apparent steady state as time increased within the
failure cycle.

Introduction

Sediment dynamics along a beach can be resolved into
three components:
(a) towards  the beach (resulting in accretion);
(b) away from the beach (resulting in erosion);
(c) along the beach (long-shore drift).

The driving force for the bulk mass transport of sand
(the primary sediment type found on most of the
worlds beaches) are the breaking waves, nearshore
currents and wind (SPM, 1977).  These parameters
interact with the boundary conditions imposed by the
beach shape to create a natural environment of more
or less dynamic equilibrium. The activities of man to a
large extent distort this state of equilibrium.
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A properly managed beach should have enough 
historical data to characterise the dynamics of the
beach sediments. Monitoring programmes to achieve
this objective are then usually set in place and in 
several instances, physical scale and other models
constructed to assess beach response to proposed
changes in beach dynamic parameters.

In Nigeria, for example, the phenomenal growth in
coastal economic and security activities, harbour
works, and other engineering schemes have invariably
reshaped the elements of the natural coastal matrix.
Socio-economic activities of the inhabitants of the
coastal zones here are largely centered on the coastal
environment. An unanticipated change in the economic
activities along this coastline has demanded that the
inhabitants change their life styles and their physical
environment.

Not until the altered beach states visibly become a
threat to the stability of the coastal zone will the 
relevant authorities show appropriate concern and, as
panic measures, go over the mistake again of altering
the prevailing beach state. A vicious cycle usually

ensues where a worsening beach state results in a
panic driven measure to alter the beach state parame-
ters, which may again produce some other undesirable
problems associated with beach state dynamics within
the given beach environment (Ibe, 1988).

For the analysis in this work, a co-ordinate system has
been adopted, where the Y component refers to 
sediment motion perpendicular to the shore (onshore/
offshore), the X axis is alongshore while Z refers to 
the height axis in an orthogonal system. The origin of
this local co-ordinate system is located at the 
backshore where conditions are considered to be
sufficiently stable. The extent of beach surveyed along
the X axis is a 10-km stretch over which ten shore
profiles were established. The profiles were sectioned
into 50-m intervals at the backshore along the average
disposition of the Y axis. As the shore is approached
and towards the waterline, the interval is reduced to
between 20 m to 5 m intervals to amongst other 
things properly capture the rapidly changing position of
the berm.   

Figure 1 is a schematic of this control volume (c.v.)
within this beach system. Within this system, diminish-
ing values of the Y component are indicative of the
threat of a migrating shore towards the structures and
facilities located at the backshore. 

SHORELINE DYNAMICS AT THE VICTORIA

ISLAND BAR BEACH

The Victoria Island Bar Beach (Bar Beach) in Nigeria
experienced severe beach depletion in 1986, which led
to a sediment replenishment programme by way of
pumping sand on the beach face (Figure 2). 
A monitoring programme followed immediately to
determine amongst other things:
(a) the dynamics of sediment redistribution within the

beach environment; 
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Figure 1. The Beach Control Volume (c.v.).
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Figure 2. Victoria Island Bar Beach, Lagos, Nigeria, showing rock boulders placed along normal shoreline to reduce longshore sand
transport away from the beach.



incident at an oblique angle with respect to the average
disposition of the shoreline. Longshore currents are
created with associated longshore sediment transport.
St then describes the quasi stable states of the beach
as a result of sediment redistribution processes within
the c.v.

THE OBSERVATION PROGRAMME

Figure 3 is a schematic diagram of the site at the 
Victoria Island Bar Beach over which beach states were
monitored by survey base line techniques (Emery,
1961). The seaward boundary of the control volume
which corresponds to minimum k was chosen to
coincide with low water mark at low tide and as far as
the wave breakers will permit for safe observation. This
boundary of the c.v. defined the seaward limit of
onshore-offshore sediment distribution within the c.v.
The boundary along the direction of increasing k 
coincides with the crest of the berm.

Consider the segment bounded by the grids j, j+1
along the X axis and k, k+1 along the Y axis. The
dimensions of this segment are denoted by dX and dY
along the X and Y axes respectively. In practice, spot
heights are obtained at the nodes of the segments:

dZj,k ,dZj+1,k ,dZj+1,k+1 , dZj,k+1 .

A mean height dZ for epoch t  is computed as:

dZ =  (dZj,k + dZj+1,k + dZj+1,k+1 + dZj,k+1)
[1]

So that the volume of material within the elemental
segment dV is: 

dV = dY.dX.dZ [2]

(b) the location of the shoreline in time and as a 
consequence;

(c) the integrity and stability of the structures of 
economic value  located immediately at the 
backshore.

The elemental portion of beach shown in Figure 1 is
chosen such that impulse and response parameters
acting on it can be resolved in space and time. Working
with this model control volume (c.v.) of beach, instead
of large portions of the beach, helps to ease analysis
but does not result in any loss of generality in the
results obtained for global application (Pilkey et al.,
1994).

The response of the c.v. to the more or less random
excitation parameters – waves, nearshore currents and
wind – is its transition in profile over time (Sonu and
James, 1971). The beach may respond by transiting
from one accreting state St to another or to an eroding
state. On the other hand, an eroding beach may
accrete over time or the sequence of erosion may be
continued. These quasi-stable beach states are as a
result of the bulk movement of sand into or out of the
c.v. (Le Mehaute et al., 1981).

St can thus be resolved into:
(a) failure states St

f when St transists into an eroding
cycle and remains in this state;

(b) accreting or quasi stable states St
b.

St
b causes no anxiety unless accretion occurs in the

wrong places. Now it is important to take a closer look
at the statistical behavior of St

f over time. 

The c.v. can be said to be in stable equilibrium if the net
cross-shore sediment transport is zero. However, the
waves that arrive at the Victoria Island Bar Beach are
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Figure 3. Control volume with grids and heights.
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The volume of material recorded for the epoch t for the
c.v. is obtained through:

V = [3]

where m and n represent the number of grids along
the X and Y axes respectively.

The resulting volume V between adjacent transects Vj ,
Vj+1 can now be normalised by:

normalised V =    = V/ [4]

The beach state St is then given as a summation:

St = [5]

The St array is averaged over one-month intervals to
obtain the Beach State in units of m3/m-month.

Figure 4 shows the resultant state-time plot (the s-t
diagram) for the observations at the Bar Beach, which
lasted from March 1986 to January 1988.

THE FAILURE STATES

The s-t plot of Figure 4 is composed of falling limbs and
rising limbs. Under “Shoreline Dynamics…” above the
falling limbs have been defined as definitive of beach
failure states St

f. These are the instances when 
sediment state on the beach face are apparently in a
recession cycle and the resolved shoreline location 
in the X and Y co-ordinate system migrates towards
the backshore. 

The probability of system failure at any time, up to 
time t is usually described in terms of its cumulative
frequency distribution F(t) and probability density 
function, f(t). 

F(t) and f(t) are related through:

F(t) = [6]

Also related to the cumulative distribution F(t) are the
reliability functions R(t) and the  conditional failure rate
functions, or hazard functions Z(t). These relationships 
are expressed by:

R(t) = 1– F(t) [7]

and

Z(t)  = _______ [8]

Considering that a system state is stable up to time (t),
Z(t) measures the likelihood of failure in the interval 
(t + �t)

Weibull model representations of the distributions Z(t)
and R(t) according to  Chatfield (1981) are given by the
relationships:

Z(t) =   m t m-1 [9a]

R(t) =  e-�tm [9b]

The applicable dimension of the shape parameter m
allows for dimensional correspondence for equation 9a.
� is a scale parameter.

An expression can be derived for R(t) from the forego-
ing relationships thus:

ln (–ln R(t) ) =  m ln(t) +  ln(�) [10]

Let n here denote the data points for the historical data
along the time axis. The system is stable or did not fail
up to time t = tk

Let tk+i denote the ith system failure. An unbiased
estimate for the reliability function is:

R (tk+i ) = ----------- [11]

Combining equations (10) and (11), we obtain 

ln =  m ln(t) + ln (l) [12]

A plot of equation 12 with ln(t) on the X axis is present-
ed in presented in Figure 5. Values obtained for m and
� are given in Table I.
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Figure 4. Normalised beach states (s-t plot) for Victoria Island
Bar Beach.
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Table I. Estimates of shape and scale parameters

for Weibull distribution.

m �
1.63 0.0019                    

f(t) can now be expressed in the form

f(t) =m tm-1 exp(-�tm ) [13]

Given that the beach state was stable, or did not fail up
to time t = tk the  probability that it fails P(f) in the
interval  tk and tk+i (i = 1,2, ….n) is given by

P(f) =  =   �tm-1 exp (-�tm ) dt [14]

tk represents the onset of beach failure while m 
represents total time within the failure cycle.

Conclusion

The behavioural characteristics of the Beach State
within the 22 months of historical records show two
failing states corresponding to the two recession limbs
of Figure 3. Both recession limbs terminate between
October/November, marking the end of the rainy 
season. The beach recovers in the succeeding dry
season months. This sequence of beach transitions can
be attributed to incident wave activity — the driving
force responsible for littoral drift. The waves 
approaching this typical Gulf of Guinea coastline are
produced predominantly by the south-south-westerly
winds which are more pronounced during the rainy
months of the year (Ibe et. al., 1985).

Beach failure can be modelled by a 3-parameter
Weibull distribution, m, l and n. The additional 
parameter, designated n, in equations 11 and 12 can
take on a value between 2 to 6 months. It represents
the lag between successive failure/recovery beach
cycles. The measure of model performance, objective
function R2, gave a value of 90%. The resulting simple
linear regression equation can now be used for 
investigating the nature and extent of failures during
beach recession cycles.
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Figure 5. Estimating parameters of the Weibull distribution.




