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Abstract

The study is an attempt to detect shoreline and land use change with a view to
determining the trend and nature of the change in Ibeno, Akwa Ibom State,
Nigeria. Landsat and Ikonos imageries and GIS techniques were utilized in
capturing these changes over a period of 22 years (1986 to 2008) using 3 time
periods. The result of the analysis indicated that there were more eroding than
accretion portion in the shoreline of the study area. The study recommended
monitoring of the shoreline change from time to time, establishment and en-
forcement of development setbacks, implementation of development control
measures as well as the introduction of integrated coastal zone planning and
management within the Niger Delta region to reduce hazards and protect the
beautiful sand beaches.
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1. Introduction

The coastal area is a highly dynamic environment with many physical processes
such as tidal flooding, sea level rise, land subsidence and erosion/sedimentation.
These physical processes play an important role in shoreline change and devel-
opment of the coastal landscape. Shorelines are one of the most dynamic areas of
the coastal environment. Shoreline is a line of contact between the land and the
body of water [1]. In other words, it is the intersection of the land with the water
surface. Defining a shore may be easy but capturing it may not be easy due to the
dynamic nature of tides. Shorelines that are shown on charts represent the line
of contact between the land and selected water elevation. However, in areas af-
fected by tidal fluctuations, this line of contact is the mean high water mark line.

In confined coastal water of diminished tidal influence, the mean through the
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mark may be used. Thus, changes in shoreline through the process of accretion
and erosion can be analyzed using Geographic Information System (GIS) via
measuring differences in the past and present shore line location.

The techniques of Remote Sensing (RS) and (GIS) have been increasingly used
in combination to examine the spatial and temporal patterns of land use and
land cover change especially as it relates to urban growth [2]. A combination of
RS and GIS over time makes it possible for synoptic analysis of the earth system
function, pattern and change at local, regional and global scales. More so, it be-
comes possible for land use and land cover change of area of interest to be
mapped and monitored for specific needs [3]. Noted that the use of satellite re-
mote sensing provides cost effective multi-spectral and multi-temporal advan-
tages which may be processes of information valuable for understanding and
monitoring land development patterns and process for building land use and

land cover data for effective land use planning.

1.1. Statement of Problem

Coastal areas are faced with many human-induced environmental impacts. The
human influence on coastal change contributes to the accelerated trend in sea
level rise that threatens coastal habitats. Coastal zone globally is increasingly
under pressure from human activities such as fishing, coral and sand mining,
mangrove harvesting, sea weed farming, sewage disposal, urban expansion and
tourism. Similarly, human activities which have profound negative impacts on
coastal stability and shoreline change are dynamite fishing, over-harvesting of
mangroves, coral and sand mining. Forests which help to stabilize coastline have
also been threatened due to harvesting of mangroves for timber, fuel-wood and
clearing for fishing resulting in habitat loss. As a result of the increased human
population and oil exploitation especially oil-spills and gas flaring in the study
area, anthropogenic impacts on the area have become severe overtime. There has
been a large scale changes in land-use while in the major bar-beach along the
Atlantic shoreline accretion seems to occur especially in Iwopom, Inuaeyet Ikot
and Mkpanak communities. These human activities have distorted the natural
state of the coastlines and also induced erosion and flooding in most parts of the
area. Man quest to meet his insatiable needs drastically altered and threatened
the stability of the shoreline.

The physical configurations of shoreline are dynamic and constantly changing
due to waves’ action which result in either erosion or accretion. The rate is de-
termined by natural events as well as human actions that restrict the resources of
sand for beaches and a coastal supply of sand is necessary for beaches to form
and to be maintained along shoreline. Consequently, lack of beach replenish-
ment creates vulnerability for shoreline which has always been subjected to va-
rying level of erosion. Due to shoreline erosion, there has been a significant
change in the Nigeria shoreline and every year the federal and state agencies
spend a great deal of financial resources in protecting the beaches and structure

from erosion. The problems confronting coastal areas are erosion, flooding and

638

K2
o5
“t:o

Scientific Research Publishing



F. U. Ekong

water pollution. These problems at the long run affect man-made infrastructure
and degrade the coastal ecosystems. Addressing these problems is already a
challenge which requires new approaches to manage the coastal area.

The main thrust of the present study, therefore, is that of making data availa-
ble for planning purposes. The dynamic nature of shoreline makes its definition,
mapping and monitoring a complicated task. This has created confusion and
uncertainty for that using shoreline information for decision making and re-
source planning. However, to aid informed decision making, land-use planning
and sustainable development of the coastal environment, there is need for data
on both the current and historical shoreline trends including reliable measure-
ment of erosion as well as accretion rate in non-stable areas. Hence, a detailed
analysis of the shoreline change-rate would assist in a wide range of coastal

management activities in hazard zoning and development setback planning.

1.2. Aim and Objectives

The aim of this study is to apply spatial GIS analytical techniques to detect rate
of shoreline change in Ibeno and explore the possible implications for land-use
planning in the area. The specific objectives are:

1) Extraction of the shore lines from the satellite imageries

2) Determining the trend and nature of land uses and land cover change.

3) Evaluating the rate of change in the shoreline over twenty-two years.

2. Study Area

The study area is located in the Niger Delta region of Nigeria. The area is a
stretch of coastal area along the Bight of Bonny on the Atlantic Ocean. It has a
shoreline approximately 56.7 km in length and spans from a point at Atabari-
kang village on latitude 4°31'23"N and longitude 7°49'16.0114"E to Okposo vil-
lage on latitude 4°34'09.7667"N and longitude 8°17'52.6643"E (Figure 1).

The area has two distinct seasons namely the wet or rainy and the dry season.
The climate characteristics correspond to Koppen’s climate classification. It is
characterized by very high rainfall (annual totals >4000 mm), high temperatures
values of about 27°C, and high values of relative humidity with mean value of
80.3%. It has been suggested that shoreline erosion rates are expected to change
in response to changes in climate [4]. Also, very high climatic factors will lead to
increase in the rate of shoreline change. The present study is a move to show
what has happened to the area with the current climate change.

The General vegetation class of the study area can be divided from the shore-
line as mangrove/nypa palms/phoenix belt, the secondary forest, the oil palm
and abandoned farmlands and fallowed areas. The geomorphology of the study
area consists of level to gently undulating sandy plains. The terrain is heavily in-
cised by numerous creeks, shallow streams, rivers, although, they are few and far
between in the Northern part of the study area. Long rectilinear slopes (>400 m)
with gentle inclinations of less than 50 m, shallow depressions and water-logged

valley bottoms constitute the major landforms. During the rainy season, many of
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Figure 1. Map showing the study area.

the depressions may be inundated but consists of heaps of sand and sometimes
thick deposits of clay when the water subsides. Generally, the relief of the study
area ranges from less than 3 metres above sea level along the beach to about 45
metres inland. The gently-sloping beaches, wave breakers and a few small swa-
mps systems are prone to flooding. The beaches were probably formed during
development of coastal basins and trough spanning the entire gulf of Guinea in
the cretaceous era [5].

Ibeno is drained by a number of rivers; on the Eastern and Southeastern part
of the area is the Cross River which drained most part of the area. Also, draining
the area is the Qua Iboe River which is the main drainage system of Akwa Ibom
State. Ibeno is blessed with abundant surface water supply system. More so, in-
creased rainfall amounts and intensities, storm surges and sediment supply from
this drainage leads to greater rates of shoreline erosion. The porosity and per-
meability of the shoreline area affect the speed with which water can percolate
into the ground. However, if the water moves underground, less runoff is gener-
ated thereby reducing the amount of surface erosion. Shoreline areas with more
rain days tend to erode less than those with sand or silt.

In terms of the socio-economic activities in the area, there is a high level of
dependence on natural resources for livelihood sustenance. Fishing is a male
dominated enterprise while women dominate the gathering of periwinkles and
crabs from the shallow swamps and dry season farming. The women also exploit
the mangrove forest for fire wood and gathering of non-timber forest products

such as mushroom, wild fruits and vegetables. They also process raw fish via
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drying or smoking and engage in farming of local food crops (cassava, yams, co-
coyam, etc.).

Through the advent of oil exploration and the sitting of Exxon Mobil, Qua
Iboe Terminal at Ibeno and migration of a large population the area has wit-
nessed tremendous human activities. These human activities in turn result in the
removal and disappearance of the native vegetation from the area thereby mak-
ing the soil easily eroded. This study intends to investigate the change overtime
in the area especially because of its importance the area holds for the economy of

Akwa Ibom State and Nigeria as a major crude oil producing community.

3. Literature Review and Conceptual Framework

3.1. Shoreline and Shoreline Changes

Shoreline is defined as the position of the land-water interface at one instant in
time and a highly dynamic feature on the landscape. According to a shoreline is
a dynamic system with sediment moving continually, being deposited here and
eroded there, as the shoreline attempts to establish equilibrium with respect to
available sediment budget and prevailing near shore marine processes [6]. The
shoreline is a valuable and important area which provides and activate habitat
for fish and wildlife. In its natural state, the shoreline is perfectly engineer to
protect against erosion and other coastal hazards as it provides structural integr-
ity to the water edge thereby protecting it from soil erosion.

Recently, shoreline change is an issue of concern in the coastal planning and
management as shoreline is constantly changing due to waves and tides. The
changing shorelines have been influenced by people’s actions throughout the
years, this has taken place without an appreciation of the effect these actions
could have on the coastal environment. Over 70% of the world’s beaches are ex-
periencing coastal erosion and this presents a serious hazard to many coastal re-
gions [7]. More so, the coast being a dynamic and moving shoreline has been af-
fected by many past decisions which were made without consideration of their
effects on the wider environment. Thus, the weather, wind and tide are conti-
nually changing and the amount of physical change depends on many things and
happens over time scales.

Shoreline changes occur in response to smaller-scale (short-term) events such
as storms, regular wave action, tides and winds or in response to large-scale
(long-term) events such as glaciations or orogenic (forces and effects) changes
that may significantly alter sea levels (rise and fall) and tectonic activities that
cause coastal land subsidence or emergence. Changes in the shoreline may result
in new approaches that are necessary to manage future risks. In recent times, the
use of GIS and RS for mapping and analyzing shoreline changes over a period of
time has gained prominence as high resolution satellite data have become more
readily available [8]. Shoreline change is best studied using GIS because of its
ability to combine and compare satellite images of different time (years) of the
same area [9]. Hence, the monitoring of shoreline changes may be derived from

historical data that include topographical maps, aerial photographs and satellite
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images. These data can be easily combined and processed with the use of GIS
giving much input for coastal planning and management.

The coast being a dynamic and moving shoreline has been affected by many
past decisions which were made without consideration of their effects on the
wider environment. Today, the weather, wind and tide are continually changing
and the amount of physical change depends on many things and happens over
time scale. However, shoreline changes may occur in response to smaller-scale
(shore-term) events such as storms, regular wave action, tides and winds or in
response to large-scale (long term) events such as glaciations or orogenic (for
example the tectonic processes of sub-duction where the continent rides force-
fully over an oceanic plate) changes that may significantly alter sea levels (rise
and fall) and tectonic activities that cause coastal land subsidence or emergence
[10].

3.2. Land Use and Land Cover Change

Land use is the utilization of land for different purposes such as residential,
commercial, agriculture, industrial, etc. Land use describes how land cover is
modified as a result of man’s activities on land. Land cover on the other hand
refers to the physical and biological cover of the surface of land which includes
water, vegetation, bare soil and artificial structures.

Land cover includes natural vegetation, artificial cover, rock/soil and other
noticeable features on land. Land cover is a conglomeration of the biotic and
abiotic components of the earth. Land use and land cover change are dynamic
and they involve the direct and indirect modification of the natural habits. Al-
though, changes in land use and land cover may involve the nature or intensity
of change they also include the spatial and time aspects. Over the years, land use
and land cover change has been a major concern for major stakeholders in the
environment that is why the scientific Research Community called for the subs-
tantive study of land use changes during the 1992 United Nations Conference on
Environment and Development. Changes in land use and land cover are as a re-
sult of the direct and indirect consequences of human actions to obtain food and
other essential resources [11]. However, these changes encompass the greatest
environmental concerns of human populations including climate change, biodi-
versity loss and the pollution of water, soils and air.

One of the most dynamic processes in the coastal area is the shoreline change
and in order to mitigate coastal hazards or plan for future use of the coastal area,
the mapping of shoreline changes becomes inevitable. Different methods exist to
aid in the mapping of shoreline changes as well as shoreline extraction. In recent
years, satellite remote sensing data has been used in shoreline extraction and
mapping. However, studies on shoreline change detection have attracted the at-
tention of researchers worldwide. Many researchers carried out analysis of
shoreline change using the combination of MSS Landsat and land use maps. In
those studies, the shoreline change were evaluated using remote sensing to

calculate the index of changes which was done by the superimposition of land
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use land cover images [12] [13]. This was done to analyse the pattern of change
in the area over the period.

Furthermore, on-screen digitizing had been used to delineate the shorelines
while multi-temporal and multi-spectral-land data were used to determine
change around Tuz lake on Seyhan Delta [14]. After the digitizing process, the
rector format was transferred to raster format. Through spatial analysis, the
shape of the river mouth and sandy area in hectare were successfully detected
and calculated. Also, the changes of the Seyhan river mouth and the related
shoreline from 1972 to 2000 were determined. A group of researchers used Iko-
nos Stereo imagery in shoreline extraction. They [15] presented the results of an
experiment in which they attempted to improve Ikonos Rational Functions (RF)
for a better ground accuracy and to empty the improved RF for a 3-D shoreline
extraction using 1-metre panchromatic stereo images in Lake Erie coastal area.
In this method, a 2D shoreline is extracted by manual digitizing on one Ikonos
image; the corresponding shoreline points on the other image of the stereo-pair
are automatically extracted by image matching. The 3D shoreline is computed
using photogrammetric triangulation can be computed using pixel-based seg-
mentation on Ikonos image using DN threshold. The partition of the land and
sea boundary was done using Pseudo-colour which exhibits a strong contrast
between land and water features. More so, they assessed multi data sources for
monitoring shoreline in Kuala Terenggamu, Malaysia using Ikonos and aerial
photographs. Results of time series data were combined to each other showing
spatial change of shoreline.

In most of the aforementioned methods, the shoreline extraction using Iko-
nosorthormagery is based in land cover classification to discriminate the pixel
corresponding to water bodies from those corresponding to land. Hence, the re-
sulting thematic image is converted to image coverage usually a polygon shape
file containing the polygons corresponding to each class. The shoreline is finally
extracted from the polygon that corresponds to water by employing automatic
or semi-automatic GIS procedures. Thus, the accuracy of the image orthorecti-
fication as well as the accuracy of the image classification is the most important
factor affecting the accuracy of the extracted shoreline. However, a wide range of
applications could be made possible with the accurate estimation of the histori-
cal shoreline change rates but the challenge is that the calculations involved in
the trend analysis of the shorelines are very complex due to its Spatio-temporal
variability.

On the other hand, future shoreline position prediction models are essential
to effectively determine the changes to coastal line as well as enable us to save
the structural and financial losses in the coastal region. Also, the physical plan-
ning authorities and other users of the coastal zone, shoreline forms a major tool
for the day to day planning activities. Although, shoreline prediction model
would provide a better estimation of the coastal erosion, other methods exist and
studies have been embarked upon by researchers to determine the most appro-

priate method based on either a comparative approach or the prediction of
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known positions. The End Point Rate (EPR) method is an empirical equation
which shows that the future position of the shoreline can be derived by a linear
relationship between past shoreline. The EPR method uses only two data points
to delineate a change rate,-the earliest and most recent shoreline positions. The
main disadvantage of this method is that if one or both end points are errone-
ous, the calculated erosion rate will be inaccurate. The change rate (m) and in-
tercept (c) involved in this model are derived by a line (y = m + ¢) extracted
from this points on the earliest and latest available shorelines (y and x represent
the shoreline position and time respectively). The model results showed that ap-
proximately 17% of the shoreline has become more eroded in the study area,
while more than 80% of the shoreline was well protected by structural protec-
tion.

The Jackknife (JKF) is the method which is used as an iterative linear regres-
sion. The slope of the linear regression lines are averaged to yield the jackknife
rate. The main disadvantage of the jackknife method is a lack of increased statis-
tics value given the typically small number of shoreline data points used to de-
rive a shoreline rate of change. Another popular method is the transect based
method which is a traditional and mapping approach used among coastal engi-
neers and planners to analyze shoreline changes. This approach involves the
subdivision of available shorelines into smaller segments by creating transects at
a master shoreline. The master shoreline is a shoreline with a good quality and
transects are at the right angles to this master shorelines. Once transects are
created, the rates of shoreline change are calculated along these transects to ob-
serve the historical shoreline movements. Thus, the future shoreline position can
be derived using these change rates.

The concept applicable to this study is the dynamic segmentation concept.
The basic idea in this concept is to maintain the continuity of the shoreline. This
model acknowledges the subdivision of continuous shoreline into smaller sec-
tions. A more appropriate structure in the dynamic segmentation is where a line
feature is divided into segments by recording the location of a change in attri-
bute or an event using a distance along the line from a specified origin or topo-
logical node without breaking the actual line into pieces. In the implementation
of dynamic segmentation, the term route is given to any linear feature such as
highway, river, shoreline etc, regardless of the number of arcs that makes up its

representation within the database.

4. Materials and Methods

The study acquired data through the use of maps, aerial photographs and Global
Positioning System (GPS). The study also utilized data from satellite imagery.
The satellite imagery used for the study was Landsat TM 1986 and Landsat ETM
2008 of 30 m ground resolution and 2008 Ikono imagery of 1m ground resolu-
tion. This study will cover 1986-2008 periods only. The period was chosen based
on the fact that the raining seasons of 2007 and 2008 witnessed heavy rainfall

and massive erosion which washed away many small fishing ports located along
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the Atlantic coastline in the region. The other issue is that of limited availability
of cloud-free imageries covering the study area. These imageries were processed
and analysed to produce the land use cover change map of the area and to also
delineate the shorelines of different periods with the view to determine their rate
of change. The GPS was used to acquire ancillary and also capture the sites vi-
sited.

Two forms of spatial analysis were used to achieve the first objective ie. the
area calculation of the land use/cover from each year and post-classification
change detection. The area calculation involved comparison of the land-use
change statistics derived from the classified images while the post classification
change is an area specific change detection procedure (point-by-point). The
point-by-point method was used for the change detection. After the images were
classified and change detection carried out, the actual cartographic production
of the land use/cover maps and generation of statistics for inventory were com-
pleted using ArcGis 9.1.

The determination of a shoreline reference feature was the next step; a shore-
line reference feature was used as a basis for measurements/digitization. The
High Water Line (HWL) was used in this study because it was easily distin-
guishable on all the imageries as a wet/dry line especially on the Ikonos imagery.
The on-screen digitization method was used to perform the extraction while the
end point rate method was used to calculate the distance of the shoreline move-
ment. The rate of shoreline change was computed using the Digital Shoreline
Analysis System (DSAS).

5. Results and Discussion

The study area was classified into five land use/cover change classes: compound
farmland, bush fallow, imperfectly drained farmland, forest and open water. The
result of the land use change detection carried out is summarized in Table 1.

The table reveals that open water and compound farmland have expanded in
some area between 1986 and 2008, while mangrove swamp forest, bush fallowing
and fresh water swamp forest experienced reduction. Despite the marginal in-
crease detected in the area covered by open water it has been the most stable ex-
panding by 4 km” in 17 years with 0.24 km” of change per year. The effect of ero-
sion on shoreline due to increase in open water is shown on Figure 2.

Bush fallowing decreased by 0.76 km’ annually while compound farmland
recorded the highest expansion accounting for about 4% of the total change in
the study area. Settlement/built-up areas and farmland were classified as com-
pound farmland as there is no difference in the spectral value of the two features
during classification of the landsat imageries. The land-use change cover analysis
of the study area showed a marginal change in the open water which is increas-
ing at the rate of 13.70 km? per year and compound farmland which is increasing
at the rate of 351.20 km® per year. The actual locations of the changes were also
examined in order to confirm the pattern and trend that is inherent in the

process of land-use conversion and modification.
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Table 2 reveals that 80.5 km?® and 34.04 km” has been converted to bush fallow
and compound farmland respectively. 167.14 km® of compound farmland has
been converted to bush fallowing. This implies that bush fallowing and com-
pound farmland are the dominant land-use systems in the area.

Shoreline extraction was carried out via on-screen digitizing method. The
shorelines from the land-sat imageries of 1986, 2006 and 2008 Ikonos imagery
were mapped using the on-screen digitizing method in ArcGis environment.
Figure 3 depicts the result of the extracted shorelines by on-screen digitization

while Table 3 show values.

Table 1. Land use inventory and change Detection state.

h: h: Total (%
S/N  Land use Type 1986 (km?) 2008 (km?) Change Change/yr otal (%)

(km?) (km?) change
1 Open water 66549.2 66823.27 +13.70 +13.70 1.85
Mangrove
2 7011.99 3654.55 —3357.44 -167.87 22.64
forest
Fresh water
3 24779.5 21609.80 -3169.70 —158.485 21.37
forest
Bush
4 . 18132.1 17125.20 -10006.90 -50.345 6.79
Fallowing
Compound
5 19442.05 26466.16 +7024.11 +351.20 47.35
Farmland
Total 135,914.84 135,914.84 14832.22 741.60 100
Source: extracted from Landsat imageries.
S o -

Figure 2. The remains of a three star hotel on the sand beach.

Table 2. Land use change Matrix.

Mangrove Bush Compound
Land use type Open water Forest .
Swamp water Fallowing Farmland
Open water No change 0.18 1.40 0 0.79
Mangrove 1.00 No change 3.49 5.01
No
Forest 1.15 14.66 80.5 34.04
change
Bush Fallowing 0.77 2.10 6.02 No change 199.23
Compound
2.98 5.21 29.98 167.14 No change
Farmland

Source: extracted from imageries.
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Figure 3. Extracted shoreline showing accretion.
Table 3. Shoreline Erosion, Accretion and Net change in meter.

Period Accretion (m) Erosion (m) Net change (m)
1986-2006 1472.42 —32905. 2 —31432.78
2006-2008 4074.28 -3714.1 360.18
1986-2008 2618.38 -33691.2 -31072.82

Source: extracted from Landsat 1986 and Ikonos 2006 and 2008.

The total length of the extracted shoreline from 1986 land-sat image was
46.162 km that of 2006 was 45.811 km while that of 2008 Ikonos imagery was
45.942 km. The different lengths in the extracted shorelines indicate that there
has been a change in the shoreline under study.

On the whole, it was observed using the end point rate that during 1986 to
2006, the shoreline net erosion change was in the magnitude of —31432.78 m
while from 2006 to 2008 the shoreline net accretion change was 360.18 m. The
rate of change of the shoreline was assessed using 449 transects of equal distance
of 100 metres built across the entire shoreline under study. From the result of
the 449 transect lines measured, 45 showed accretion (range: 0.002 m/yr to 6.44
m/yr). The average erosion rate of change for the entire study was —3.9 m/yr
while the average accretion rate change for the entire study was 2 m/yr. It was
noted that most of the places affected by minimal erosion was as a result of en-
gineering activities going on in the area while some were caused by human ac-
tivities at the river estuary along the shoreline. The accretion near Exxon Mobil

was as a result of sand filling done in the past for settlement development.

6. Conclusion and Recommendation

The findings of this study have revealed that there are more eroding than ac-
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creting portions for all the periods across the entire shoreline. This is as a result
of human activities e.g. laying of pipelines carried out at the river estuary along
the shoreline. This implies that infrastructures will be threatened when sited
near eroding portions along the shoreline. Also, the accreting regions can pose a
threat when jetties are sited close to them. Nevertheless, the following physical
planning measures could be put in place to minimize the impact of human ac-

tivities.
6.1. Monitoring of the Shoreline Change

There is the need to monitor the pace/rate of change along the shoreline in order
to detect eroding areas. To monitor the shoreline change effectively, satellite
imageries should be acquired from time-to-time along the Nigerian coast; this
will give a clear picture of the change over time. However, Ikonos satellite im-
agery or imageries with high resolution (e.g. 1 m and below) always have the
potential for shoreline mapping and erosion monitoring; this is because the
High Water Line (HWL) is always easy to extract from these imageries. More so,
the state government should build embankments to salvage erosion in the erod-

ing portions of the area.

6.2. Establishment and Enforcement of Standards

There should be standards e.g. building line/setbacks to ensure that infrastruc-
tures, structures whether temporary or permanent are not sited too close to the
shoreline so that they are not affected. Hence, development control measures
should be strictly implemented to ensure that buildings and other structures are
built in the appropriate zones and development plans should be approved by the
planning authorities. Due to the dynamic nature of coastal shorelines, develop-
ment in the area should be carried out within the context of Integrated Coastal
Planning and Management (ICPM) policy involving land-use zoning for com-
munity infrastructures, structures, agriculture, industry, etc. Hence, acceptable
and permitted uses must be consistent with the standards. Uses should be li-
mited to those types of development activities that are not detrimental and capa-

ble of impacting adversely or negatively on the coastal environment.

6.3. Planting and Replanting of Mangrove Seedlings

The re-vegetation of areas destroyed by nipa palm invasion is urgently needed
by using women groups who depend on the exploitation of natural resources like
fish, periwinkle, prawn, oyster, etc. and Community Based Organisations (CBOs)
to start pilot mangrove seedling planting programme. The fast growing red

mangrove species (Rhizophora racemosa) is recommended for this pilot project.
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