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ABSTRACT

This study set out to identify factors that contribute to erosion-induced shoreline changes and
determine the rate of shoreline change for Accra, Ghana. Shoreline changes were compared
between 1990 and 2010 using aerial photographs and Landsat satellite imagery within Geographic
Information System (GIS) environment. The Transect approach was used to delineate the entire
shoreline and the length was divided into 435 transects. A spacing of 100 m and a transect length
of 3800 m were applied to detect all the changes that have occurred along the shoreline, The Digital
Shoreline Analysis System (DSAS) was used to analyze the shoreline in order to determine the End
Point Rate and the Linear Regression of Rate of Change. The results revealed that 21847978 m
of the coastal areas were altered during the pericd with a rate of erosion of 3.0500 m year™! with
Accra Central, Osu and James Town recording the highest level of shoreline erosion. The activities
that contribute to the shoreline change aside the challenging natural factors are sand mining, hard
and engineered structures on the shore and other commercial and social activities. The occurrences
of shoreline erosion have contributed to the degradation of these coastal ecosystems, loss of human
settlements and livelihood. From the results, it was estimated that by 2015, the rate of erosion
would be about -8.1 m vear™ and by 2020, the rate of erosion would be -30.2 m year*. It is
therefore essential to implement precautionary measures to mitigate the risk of shoreline erosion
within this sensitive zone.

Key words: Shoreline change, coastal erosion, GIS, Accra metropolitan assembly, digital shoreline
analysis system

INTRODUCTION

Shoreline changes induced by erosion and accretion are natural processes that take place over
a range of time scales. Sometimes, they may occur in response to smaller-scale (short-term) events,
such as storms, regular wave action, tides and winds (Fenster et al., 2001; Curran, 2002). They
may also arise in response to large-scale (long-term) events such as glaciation or orogenic cycles
{Zviely et al., 2009). Over variable time scales, these short and long term events may significantly
alter sea levels (rise/fall) and tectonic activities that cause coastal land subsidence or emergence
{(Frihy and Lotfy, 1994; Lee, 2005; Kovacs, 2000). Hence, most coastlines are naturally dynamic
and cyeles of erosion are often an important feature of their ecological character (Arekhi, 2008,
Daidu et al., 2006; Coopsa et al., 1996). Wind, waves and currents are natural forces that easily
move the unconsoclidated sand and soils in the coastal area, resulting in rapid changes in the
position of the shoreline (Morton et al., 2005, Mazda et al., 2002). Apart from the impact of
anthropogenic activity, these processes are simply natural evelutionary phenomena (Moore, 2000;
Nouri et al, 2005). Anthropogenic activities along the coast within river catchments and
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watersheds and offshore contribute to shoreline erosion (Ordu and Demir, 2009; Noun ef af., 2005).
Specifically, these include land reclamation, port development, settlement, river damming and
diversion, dredging and sand mining. In combination with natural forces the aforementioned
human activities often exacerbate coastal ercsion in many places (Malini and Rao, 2004,
Moller, 2006; Thieler ef al., 2009). Eventually, they collectively put at risk opportunities for coasts
to fulfil their socio-economic and ecological roles in the long term at a realistic societal cost
{Thampanya et al., 2008). Development within coastal areas has stimulated interest in erosion
problems (Reddy et al., 2008). Furthermore, it has led to core efforts to deal with coastal erosion
problems and to re-establish coastal capacity (Nouri and Jozi, 2002). These efforts are necessary
to implement strategies to withstand short and long-term changes induced by anthropogenic
activities, extreme events and sea level rise. The erosion problem is exacerbated whenever the
remedial actions (i.e., hard or soft structural alternatives) applied, are inappropriate, improperly
designed, built, or maintained and if the effects on adjacent shores are not critically evaluated
{(Kovacs, 2000; Genz et al., 2007). Often erosion 18 addressed locally at specific places or at regional
or jurisdictional boundaries instead of at system boundaries that reflect natural processes
{Gopinath and Seralathan, 2005; Appeaning et al., 2008; Xia ef al., 1993).

The approach to coastal erosion management in countries such as the Ivory Coast, Ghana,
Togo, Benin and Nigeria which are part of the Gulf of Guinea, epitomizes this situation
{Dodman ef al., 2008). This anomaly could mostly be attributed to insufficient knowledge of coastal
processes and the protective function of coastal systems (Armah ef al., 2010). The Gulf of Guinea
falls in the tropical zone of West and Central Africa, stretching from Guinea to Angola
{(Dodman et al., 2008), The coastal area is variable, comprising tropical forest, sandy beaches,
mangroves, estuaries and coastal lagoons (Dodman ef al., 2006). It includes the extensive Niger
Delta which holds the largest tract of mangroves in Africa. The area has altered much in the last
100 years, witnessing significant economic development and the growth of major cities including
Accra (Dodman et al., 2008).

Coastal erosion in the Gulf of Guinea has been linked to climate change and in turn to rising
sea levels and flooding (Appeaning ef al., 2008). This study focuses on the Ghana segment of the
Culf of Guinea which is very sensitive to erosion. The body of lhiterature on comprehensively
quantified shoreline changes across spatial-temporal scales within the Ghana segment is rather
limited (Appeaning ef al., 2008). There are myriad techniques for characterising and quantifying
shoreline changes (Monprapussorn et al., 2009; El-Nahry and Khashaba, 2008; Dogan, 2007,
Ordu and Demir, 2009). However, (GIS technology has been recognised as one of the most dominant,
tools for quantifying shoreline changes over varying temporal and spatial scales (Moore, 2000,
Zuzek et al., 2002; Thieler ef al., 2009). According Zuzek et al. (2002), Bonyad (2005) and
Dhaimat and Dhaisat (2006) prior to the extensive acceptance of GIS technology by coastal
scientists, it was difficult to estimate dependable and justifiable shoreline change rates. They
further assert that this was partly due to the poor understanding of spatial and temporal influences
on shoreline evolution.

The selected area has most of the beaches being sandy with a few patches of rocks along the
shoreline and constructed groins in the early years to protect the Forts that are near the shore
during the colonial era (prel957) (Dodman ef «l., 2006). The selected beaches serve the fishing
industry in the capital city of Ghana; the surrounding communities also regularly fetch the beach
sand for building and other activities (Dodman et al., 2008).
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The aim of this study was to determine the extent to which the Accra shoreline had moved
inland due to erosion. Specifically, the study set out to identify the anthropogenic activities that
contribute to shoreline erosion at the selected sea shores; determine the rate of shoreline change
due to erosion at the selected areas using GIS and determine the severity and impact of the
shareline change on the surrounding communities

MATERIALS AND METHODS

The shoreline of Acera lies from 7°25'0"N 7°13'01"E to 7°2820"N 7°23'10"K in the Accra
Metropolitan  Assembly located in the Greater Accra Region of Ghana, West Africa
(Appeaning et al., 2008). Some important national infrastructure such as the Kwame Nkrumah
Memorial Park, James Fort, The Independence Square, The Baiden Powell Hall and Christianborg
(Osuw) Castle are located within this zone which is characterized by high erosion rate. The
Christianborg (Osu) Castle 1s the seat of the Ghana Government. The selected area 1s also very
close to the core of urbanisation of the Capital City of Ghana where there is little or no land for
resettlement or expansion. These settlements house the indigenous Ga population. A map of the
study area is shown in Fig. 1.

Data collection: The coordinates of the selected beaches was taken along the coastline using a
Global Positioning System Device. The various activities occurring at these selected areas were
observed and informal interviews of residents were conducted. Some part of the selected areas
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Fig. 1: Map of Ghana showing selected communities in the study area
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proximal to the Osu Castle (seat of Government) are restricted areas due to security reasons so data
for those areas were generated from other sources. Satellite image analysis is becoming the
commonly used method to calculate shoreline change due to the advancing nature of Geographic
Information Systems (Liac and Chu, 2009). Satellite images were obtained for March 1990, August
2004 and May 2007. The March 1990 image is an aerial photograph with an uncertainty of
7 m, the entire image was edited to select only the area of interest. The August 2004 image is also
an aerial photograph with an uncertainty of 5 m. The May 2007 image is a panchromatic satellite
image of Landsat with 2 m uncertainty. All the images selected had a Ghana Metre Grid spatial
reference. ERDAS IMAGINE 9.0 was used to rectify the errors that existed on the image such as
band correction and selection of the area of interest from the images as they were fairly large
images. A satellite image of the selected beaches was obtained for 2010 from Google Earth which
served as the current position of the shoreline (Base Map); the image was verified and corrected
with the aid of GPS coordinates recorded from the selected heaches with a handheld Global
Positioning System (Garmin Etrex).

Data handling, storage and analysis: Microsoft Excel and Statistical Package for the Social
Sciences (SPSS version 16) were used to analyse data. The Digital Shoreline Analysis System
(DSAS), an extension that enhances the normal functionality of ESRI AreGIS version 9.3 software
was used to calculate shoreline rate-of-change statistics from a time series of multiple shoreline
positions. The extension was designed to aid in historical shoreline change analysis. DSAS
works by generating orthogonal transects at a user-defined separation and then calculates
rates-of-change and associated statistics that are reported in an attribute table. The DSAS tool
requires user data to meet specific field requirements:

*  Sequential time series of vector shoreline positions. The digitized shorelines for respective years
stored in a geo-database

*  User-created reference baseline. The shoreline uncertainty is incorporated into the calculations
for the standard error, correlation coefficient and confidence intervals which are provided for
the simple and weighted linear regression methods

The DSAS Application was used within ArcMap to establish transect locations and calculate
change statistics using the workflow (Fig. 3).

Calculations: Shoreline change envelope which refers to the distances between the shoreline
farthest from and closest to the baseline at each transect was calculated. The Net Shoreline
Movement (NSM) which reports the distance between the oldest and youngest shorelines for each
transect was also calculated. This represents the total distance between the oldest and youngest
shorelines. If this distance is divided by the number of years elapsed between the two shoreline
positions, the result 1s the End Point Rate. The linear regression rate which 1s the slope of the line
was also calculated. In conjunction with the linear regression rate, the standard error of the
Estimate (LLSE), the standard error of the slope with user-selected Confidence Interval (LCI) and
the R-squared value (LR? are reported. The total number of shoreline points (n) along the DSAS
transect is subtracted by 2 because two of the parameters in the regression line are being estimated
(the slope and the intercept). The predicted y-values are subtracted from the known y-values to
compute the residuals (y-y). The residual 1s squared and then the squared residuals
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Fig. 2: Map showing transects and shorelines for various years

{for each shoreline peint) are added (along the DSAS transect) to get the sum of the squares of the
residuals (which is the numerator in the equation above). This sum 1s divided by the number of
degrees of freedom and then the square root of the quotient is taken to compute the standard error
of the estimate. The standard error of the estimate assesses the accuracy of the best-fit regression
line in predicting the position of a shoreline for a given point in time.

RESULTS

Observed anthropogenic activities that contribute to shoreline erosion at the selected
sea shores: Commercial sand mining delivery services are available at a fee for people who wish
to construct houses near the beaches. There 1s limited recorded data on the scope and intensity of
these sand mining activities. This information gap notwithstanding, it can be seen that most of the
people living by the shoreline do not buy sand and gravels for building. This observation was
confirmed by residents in the study area. During informal interviews, many respondents posed the
rhetorical question “what 1s the utility of the sea sand if we can’t benefit financially from it?”
Ocecasionally, the beaches take much larger crowds particularly during festive seasons as these
areas serve as the venue for heliday making and there is no specific statutory lirmt on the number
of people the beach authorities can allow during these festive seasons. This oceasional but high
population load contributes to the erosion of the shores during and after the festive season. The
beach also serves as a physical training ground for seme service men such as the Ghana National
Fire Service for physical training. These anthropogenic pressures on the beach contribute to erosion
of the shorelines as the beach has a limit regarding the number and scope of human activities it
can support without any adverse ecological effect (e.g., loss of ecosystem services and loss of natural
functions). The fishermen indicated that their catch has greatly reduced and they currently need
to go deeper to make a catch unlike in the past when the shoreline was not as eroded as now. The
fishing industry is expected to have a dip in its productivity due to the causes of erosion which is
usually due to sand mining and rocky and engineered structures on the shore and the nature of
the shoreline (Atta-Mills ef al., 2004). The sandy part of the Osu beach is used as a football field
by the youth in the area and there 1s commercial sand mining to build houses and other structures.
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The rate of shoreline change due to shore erosion at the selected areas: The results of
statistical analysis obtained from the Digital Shoreline Analysis System are shown in Table 1-3.
The Least Mean Square, the Linear Regression Rate and the End Point Rate were found to be
almost the same that is -12.2987, -12.346805 and -12.2003 m, respectively via erosion. This implies
an approximately equal rate of shoreline change for the images used for the study. Table 1
specifically refers to the Least Mean Square, the Linear Regression Rate and the End Point Rate
for 435 transects.

From Table 2, it implies that there are significant differences between the predictors and
dependent variable (p<0.05). Table 3 refers to the coefficient of regression. Significant differences
were obtained for the constant and the least mean square (p<0.05).

The calculated rate of erosion and the total area that has undergone changes per location are
given in Table 4. There were no positive values (accretion) for rate of change indicating that
generally for each location there was erosion. The lowest and highest rates of erosion were obtained

at the Ministries area (-8.15) and James Town (-20.96), respectively.

Table 1: Statistics of shoreline change

Statistics End point rate SCH NSM Least mean square Linear regression rate
N 435 435 435 435 435
Mean -12.2003 191.2654 -190.0231 -12.2987 -12.346805

A negative (-) gign signifies landward movement or erosion

Tahble 2: Analysis of variance (ANOVA) of regression

ANOVA?

Model Sum of squares DF Mean square F-value Sig.
Regression 12344.085 1 12344.085 1749.994 .0002
Residual 3054.289 433 7.054

Total 15398.374 434

*Predictors: (Constant), Least mean square. *Dependent Variable: Linear regression rate

Table 3: Coefficients of Regression

Standardized coefficients 95% Confidence Interval for B
Model Beta t Sig. Lower bound Upper bound Beta
(Constant) -5.942 0.000 -2.252 -1.132
Least mean square 0.895 41.833 0.000 0.826 0.907 0.895

Table 4: Erosion rate and net change for sampling locations

Location Erosgion/Accretion rate Area of change
James town -20.96 975,5631.94502 m?
Usher town -9.74 265,979.374429 m?
Accra central -11.50 783,962.053025 m®
Ministries -8.15 1,236,267.81124 m*®
Osu -15.13 1,230,403.456022 m*
South La -9.70 210,808.137784 m?

A negative (-) sign signifies landward movement or erosion
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DISCUSSION

Shoreline changes: A negative (-) sign signifies landward movement or erosion and a positive
{+) sign signifies a seaward movement. A Transect-based approach was used to determine the rate
and magnitude of shoreline change, the shorelines for a range of 20 years (1990-2010) was divided
into 436 transects with a transect length of 3800 m and a transect spacing of 100 m (Fig. 3).
The transect approach has been used by several researchers to estimate shoreline change including
Appeaning ef al. (2008), Frihy and Khafagy (1991), Ghanavati et al. (2008) and “viely ef al.
(2009). The End point rate (Fig. 4) was used to determine the mean rates as it places more
emphasis on the variation between the shoreline of the various years used and it requires only at
least two separate years to be accurate. James Town’s shoreline had end point range of
-43.14000 to -18.78000 m with an average erosion rate of -20.96 m per year covering an area of
9766531.94502 m? from 1990-2010 (Table 4). Generally, long-term shoreline change

studies present more accurate estimates than short-term analyses. The findings of
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Fig. 4: Map of study area showing end point rates for sampling locations

Appeaning et al. (2008), Zviely et al. (2009), Ghanavati et al. (2008) and Frihy and Khafagy
{1991) were derived from long-term analyses (data spanning several decades to centuries) unhke
this study which 1s short-term (up to two decades). The estimated shoreline change in this work
(-3.0500 m year ') contradicts the estimates (-1.30 m year™) obtained by Appeaning el al. (2008).
The difference in the results could be attributed to the methodology and the duration of the dataset,
{Genz et al., 2007). The methodology used by Appeaning et al. (2008) is similar to the method used
in this work. Consequently, the variability in the results obtained by Appeaning ef al. (2008) and
this study, could be attributed to the reliance on long term data in the case of the former. However,
as in this case, estimations based on short-term data are vital when data is scarce.

The James Town fishing harbour close to the Korle Lagoon serves as the fishing centre for most,
fishermen in the Accra Metropolis. The shoreline in these areas is a mixture of sand and rocks.
There are some sections in the shoreline that are not stable due to the overlap between the sand
and rocks. Usher Town which is the closest to James Town had an end point range of -6.96999 to
-13.07999 m with an average erosion rate of -974 m per year covering an area of
265979.374429 m? (Table 4). The erosion rate of Usher Town though very close to James Town is
very low compared to that of James Town (-20.96 m per year). These results are comparable to the
work of Frihy and Khafagy, (1991) who obtained end point ranges between -5 and -28 m for the
Nile delta in Egypt. However, the erosion rate is lower than the results obtained by Fenster ef al.
{2001) who worked on the Hatteras Island, North Carclina, USA. James Town'’s shoreline covers
an area which is about three times that of Usher Town. This vast change can be associated with

the difference in the nature of the two beaches, James Town is purely a sandy beach with no rocky
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or engineered structures but the beach at Usher Town 1s partly sandy and partly rocky with large
rocks bordering the two beaches. These large rocks cannot be eroded away easily by the waves so
the presence of these rocks speed up erosion on the James Town beach as the rocks withstand the
waves sending more wave energy towards the direction of the James Town Beach enhancing
erosion due to their proximity to each other. According to Appeaning et al. (2008) engineered
structures along Ghana's coastline largely account for the aceretion at various locations along the
beaches.

The Accra Central Beach is located next to the Usher Town beach and it had an end point
range of -6.9699 to -18.77999 m with an average erosion rate of -11.50 m per year covering an area
of 783962.0563025 m? (Table 4) for the duration of 20 years (1990-2010). This average erosion is
very high compared to the results of Fenster et al. (2001). Comparing the erosion rate and the end
point range of Usher Town Beach with Accra Central Beach it was recognized that the former had
experienced a fair share of the effect of the rocky nature and structures of the Usher Town beach.
The Accra Central beach like the James Town beach 1s a sandy beach but it has a high cliff after
the beach making the effect of future erosion more dangerous. The Ministries Beach has an end
point rate of +1.0500 te -9.7999 m. The Ministries beach recorded the least rate of erosion of -8.15
m per year but had the highest area of shoreline change of 1236267.81124 m? for 1990 to 2010.
This could be attributed to the fact that over the vears the rate of erosion at the Ministries beach
was controlled. Specifically, the beach area was extended by growing vegetation such as grass and
coconut trees to reduce the rate of erosion. The purpese for the control may be largely due to its
proximity to the Independence Square as there are no housing facilities in that area. The Mimstries
beach can be considered to have undergone some accretion though this is not significant as there
is some degree of erosion occurring. This control method seems to have been successful and has
reduced the erosion rate but the land lost to the sea was not reclaimed thus accounting for the
lowest erosion rate but the highest area of shoreline change. The Osu Beach had an end point
rate of -6.96999 to -43.14000 m with an erosion rate of -15.13 m per year covering an area
of 1230403.456022 m? This erosion rate is higher compared with the results obtained by
Fenster ef al. (2001) but lower compared to the results obtained by Frihy and Khafagy (1891). The
Osu beach has a high erosion rate which can be associated with the old groins that are found close
to the Christianborg Castle and partly because of the rocky nature of the beach. There is also a
large drain which leads from the Osu Township to the sea through the Osu beach. The South
Lia Beach has an end point rate of +1.0500 to -9.8000 m with an erosion rate of -9.70 m per year
covering an area of 210808.137784 m? Generally locking at the Shoreline Change envelope of the
entire study area there are three distinct zones where erosion is rather high namely the beaches
of James Town, Accra Central and Osu. These areas can be considered to be at high risk of being
washed off if no remedial action is implemented with the next five to ten years considering the
current. rate of erosion and its contribution to shoreline change. Not much aceretion should be
expected in these areas due to the practice of sand mining so there 1s little possibility of nature
reversing the trend of shoreline change as there is always a deficit of sediment supply so the sea
waves wash away the normal soil and other structures on the beach to balance the sediment deficit.
There is substantial evidence of erosion in these areas by way of gullies and the high water level
during high tides during some months of the year. There is also the creation of refuse dumps at
some parts of the shoreline like Osu and Usher Town where large amounts of refuse 1s dumped for

the sea to transport.
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Statistical analyses of shoreline change parameters: When a proportion-proportion plot
{determination of whether the distribution of a variable matches a given distribution) was done for
the least mean square and linear regression rate, it was found that most of the peoints were
clustered around 0.2 to 0.9 of the cobserved cumulative probability axis of 0.4 to 0.65 on the
expected cumulative probability axis. The values were seen to be approximately evenly distributed
around the straight diagonal line making the distribution a normal one. The linear regression
showed a constant of -15.011 with a standard deviation of 0.553. The linear line passes through
this value and the rate of erosion is proven to be the value that is acquired from the linear
regression rate graph. The linear regression rate puts the rate of erosion at -12.34879 m though
this is higher than that of the end point rate (Fig. 4). The linear regression rate does not take into
consideration the years of the shoreline used but the End point rate considers the change between
the shorelines that were used for the analysis and not only the generated data from the Transect
analysis.

CONCLUSION

The rate of shoreline erosion is variable along the coastline of the study area during a 20-year
from 1990 to 2010. There was accretion at two locations and erosion at four locations. It was
estimated that by 2015, the rate of erosion would be about -8.1 m year™ and by 2020, the rate of
erosion would be -30.2 m vear . The major anthropogenic causes of erosion along this stretch of
shoreline were found to be sand mining, the existence of hardened and rocky structures and the
nature of the shoreline. These shorelines are critically influenced by climatic conditions and
variability, waves, wind and tides.
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