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Abstract—Data from aerial photographs taken in 1981, 1992 and 2002 of the Kunduchi shoreline
off the Dar es Salaam coast were integrated in a geographic information system (GIS) to
determine shoreline change in that locality. It was found that considerable changes have taken
place, and that the two techniques are effective for shoreline monitoring.

INTRODUCTION

Shoreline change is an issue of concern in coastal
management. In Tanzania, coastal communities
totalling about 8 million depend on coastal
ecosystems (TCMP, 1997) for their livelihood.

However, the coastal zone is increasingly under
pressure from human activities such as fishing,
coral and sand mining, mangrove harvesting,
seaweed farming, sewage disposal, urban expansion
and tourism. Of particular note are dynamite
fishing, over-harvesting of mangroves, coral and
sand mining, all of which have profound negative
impacts on coastal stability and are thought to lead
to coastal erosion and shoreline change (Griffiths,
1988).

The focus of the present study was the
Kunduchi area, north of Dar es Salaam harbour
(Fig. 1). A number of studies conducted since the
1970s provide a detailed account of existing natural
resources in the area (Okera ,1971; Mwaiseje,
1973; Hartnoll, 1975; Bryceson, 1977; Banyikwa
& Semesi, 1986; Persons, 1988; Semesi & Shushu,
1988; Benno, 1992). The most important of these
are planktonic organisms, coral reefs, mangroves,
fisheries, intertidal zones and seagrass beds. Other

studies have documented evidence of coastal
erosion and associated shoreline changes in the
Kunduchi area (Griffiths & Lwiza, 1988; Fay,
1988). Coastal erosion is evidenced by collapsed
trees, buildings, and other structures, including
groynes (Griffiths & Lwiza, 1988; Fay, 1988).
Sand pile-ups from the area have been washed
away by monsoon tides at a depth ranging from
20 to 90 cm, resulting in a shoreline retreat of 10
m landward from the end of constructed groynes
in places like Bahari beach (Griffiths & Lwiza,
1988). A widening of Mbezi river mouth from 1967
to 1987 and erosion of the sandy beach at the base
of Ras Kiromoni cliff have also been recorded
(Griffiths & Lwiza, 1988; Fay, 1988). The
foregoing studies indicate that the coastal area of
Kunduchi is a dynamic one.

Remote sensing data can be used in
environmental monitoring programmes where the
objective is to monitor changes in surface
phenomena over time (Howarth, 1981). Digital
spatial data analysis and mapping; remote sensing
and geographic information systems (GIS) are
widely applied in environmental and natural
resources monitoring (Lillesand, 1994; Jensen
2000). Among the studies that have attempted to
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quantify the extent of shoreline change in
Kunduchi area, the one of Mushala (1978) is
especially valuable. Using aerial photographs it
was found that there had been a drastic change of
vegetation cover, and a shoreline recession of more
than 50 metres in front of both Silversands and
Kunduchi Beach hotels during the last 30 years.

The objective of the study reported here was
to determine from aerial photographs taken in
1984, 1992 and 2002, the quantitative extent of
shoreline change in the Kunduchi area.

Study area

The study area, Kunduchi beach, is situated within
6º 39–6º 41’ S and 39º 12–39º 13’ E, approximately
18 km north of Dar es Salaam harbour in
Kinondoni district. The area is flat and heavily
constructed with hotels and residential buildings.
The study area covered the shoreline stretch from
White Sands Hotel to Bahari Beach Hotel.

The geology of the area falls under five
different types of sedimentary deposits (Griffiths
& Lwiza, 1988), which are grouped into two major
sedimentary units: older consolidated rocks and
younger contemporaneous unconsolidated

sediments (Muzuka & Shaghude 2000, Kairu &
Nyandwi, 2000). The former are predominantly
non-marine sediments of Neogene age, while the
latter consist of Mio-Pliocene sediments overlain
by Pleistocene-Holocene sediments. The Mio-
Pliocene sediments consist of poorly sorted
gravels, sands, silt and clays and the Pleistocene-
Holocene sediments consist of raised reef
limestones, beach ridges, sand dunes, beach
deposits and superficial white-buff sands.

The Kunduchi area is growing fast, and the
growth rate is attributed to its potential for several
economic activities, the existing pressure of urban
expansion, and tourism. The physical infra-
structure existing near the coastline includes tourist
hotels as well as training and research institutions.
Important socioeconomic activities which sustain
the livelihood of the local communities include
fishing, farming, stone quarrying, sand mining and
mangrove harvest.

MATERIALS AND METHODS

Quantification of the extent of shoreline changes
in the Kunduchi area was accomplished using
aerial photographs from 1981, 1990 and 2002.

Fig. 1. Location of study area off the Dar es Salaam coast
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Aerial photographs scanning and
geo-referencing

Aerial photographs from 1981 and 1990 were
scanned at 500 dpi using a HP ScanJet 3300C
scanner. The resulting scanned photographs were
saved in Tagged Image File Format (TIFF) before
geo-referencing. The aerial photographs from
2002, which were obtained from the National
Bureau of Statistics, captured by the GeoSpace
International (PTY) Limited were already in digital
format. According to Lugoe (2003) the images
were taken with a (calibrated) digital camera where
the image was controlled by PC software that labels
the images with GPS coordinates. Scanned aerial
photographs were then geo-referenced using the
digital aerial photo mosaic of 2002. The mosaic
image processing software then semi-
automatically, rectifies hundreds of images at a
time, applying bundle block adjustment, and joins
them into a large geo-referenced and orthorectified
mosaic. The digital data facilitates flexible printing
of mosaic maps at any scale (up to 1: 2000) or
importing the data into a geographic information
system (GIS) for further processing.

The software ERDAS Imagine® 8.5 was used
to geo-reference the two sets of scanned photos
(1981 and 1992). To accomplish the transformation
from latitude and longitude coordinates on the
scanned photographs to X and Y coordinates on a
map, a suitable map projection has to be
established. In the present study, the Universal
Transverse Mercator (UTM) projection (UTM
zone 37) was used, along with the World Geodetic
System 1984 (WGS 1984) datum. The processes
involved selecting points from the 2000 image and
then identifying corresponding locations of the same
points in the 1990 aerial photographs. The points
were selected from permanent marks such as road
intersections and buildings, which could be
identified from both images/photographs. This
process was repeated to about 10 to 12 different
identifiable points from both 2002 and 1990 aerial
photographs. The same process was used to geo-
reference scanned aerial photographs of 1981. Since
the ground resolution (pixel size) for the digital
mosaic is 0.25–5 m and the geometrical accuracy
is 2–5 m without control points (Lugoe, 2003), the
error during georeferencing was smaller than 5 m.

Visual interpretation and on-screen
Digitisation

In order to obtain detailed information of the study
area, the area was divided into two parts: north of
the Kunduchi–Manyema creek and south of the
Kunduchi–Manyema creek. The digital aerial
photograph files, starting with the 1981 one, were
displayed as background in ArcView 3.1 software.
The shoreline was therefore identified and digitised
on the screen along the high water mark.

In the case of Kunduchi–Manyema creek,
digitisation did not follow the high water mark
level since the interest was to determine areas of
change based on the intersection of the two vector
line themes of different years. Digitisation of the
shoreline was carried out on all aerial photograph
digital datasets used in the study. As a result of
digitisation, all linear vector themes of the
shoreline within the study area were captured.

Change detection at Kunduchi–
Manyema creek

When the two linear vector themes of different
years were overlaid in ArcView® 3.1 software, the
lines intersected in some areas and formed
polygons. The two overlaid line themes were
merged in ArcView using GeoProcessing Wizard®.
Since ArcView 3.1 does not have a cleaning
command, the shapefiles were converted into
coverages using ArcTool in ArcGIS® software.
Thereafter all coverages were cleaned using
ArcTool®. After cleaning the coverages, the
merged coverages formed polygons and their areas
were computed automatically.

Shoreline change detection in other
parts of Kunduchi shores

Apart from the Kunduchi–Manyema creek,
shoreline change in other Kunduchi shore areas
were determined on a linear basis. The lines
representing shoreline marks of two different years
were digitised and overlaid in ArcView 3.1. A new
line theme was created and four lines were digitised
perpendicular to the shoreline in selected areas
between the two overlaid lines of the shoreline for
the two years (see Fig. 4). The lengths of these
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lines, which determine shoreline changes/recession,
were calculated in ArcView. Shoreline change
results are provided in the form of photomaps.

Ground truthing

Ground truthing on the entire study area was
conducted for two days. The aim was to collect
more data and information from the field and
interview the people from the study area. The
people interviewed were asked about the status of
the shoreline in relation to previous years. Their
responses agreed well with our GIS analytical
findings. A number of photographs were also taken
of the study site using a digital camera in order to
capture the area’s current appearance. The
photographs show some vivid examples of
shoreline erosion from the ruins of buildings that
had collapsed due to shoreline erosion, including
Africana Hotel.

RESULTS

Northern Kunduchi–Manyema creek

1981–1992
The analysis on the shoreline change between 1981
and 1992 is shown in Fig. 2. About 2.02 ha of land
were eroded from the shore in the northern part
of the creek. The green line in the photomap
represents the shoreline in 1981 whereas the blue
line represents the position of the shoreline in
1992. Between the two lines, labelled “B” in Fig.
2, is the eroded area, which measures 2.04 ha.
However, there had been an accretion of about
0.11 ha at the same time in the area denoted by a
blue letter “A”.

1992–2002
Figure 2 also shows the shoreline change between
1992 and 2002. About 0.68 ha of land was eroded
from the shore in the northern part of the creek. A
blue line in the photomap represents the shoreline
in the 1992 whereas the red line represents the
position of the shoreline in the 2002. An area in
between the two lines, labelled “C”, represents the
eroded area. The area labelled “B” shows an area
of gain (accretion). However, this is not an
accretion from natural processes, but is a man-made

stone structure constructed in order to control
shoreline erosion at the Kunduchi Beach Hotel.
This stone structure was built after groynes failed
to control shoreline erosion. The groynes can be
clearly seen in the photomap that shows changes
between 1981 and 1992.

1981–2002
About 2.62 ha of land were eroded from the
northern part of the creek between 1981 and 2002
(Fig. 2). The green line on the photomap represents
the shoreline in 1981 whereas the red line
represents the position of the shoreline in 2002.
The area between the two lines, labelled “A” on
the photomap, represents the eroded area. From
this photomap the current shoreline (2002) is very
close to the Kunduchi Beach Hotel.

Southern  Kunduchi–Manyema creek

1981–1992
Between 1981 and 1992 about 1.13 ha of land,
labelled “C” in red, were eroded from the shore in
the southern part of the creek. The green line in the
photomap (Fig. 3) represents the shoreline in the
1981 whereas the blue line represents the position
of the shoreline in 1992. There was an accretion of
about 0.04 ha, labelled with a blue “B”, in the
southern part of the creek over the same period.

1992–2002
There were considerable shoreline changes in this
area from 1992 to 2002. There was less shoreline
erosion (only 0.12 ha) in areas denoted “D” in red
on the photomap shown in Fig. 3. However, there
was more accretion during this period, which
formed a continuous piece of land with an area of
2.81 ha protruding northwards, which is labelled
with a blue “C”. During ground truthing we
observed vegetation such as bushes and some
exotic trees species of more that 10 metres in
height within this area.

1981–2002
During 1981–2002 about 0.61 ha of land was
eroded from the area labelled with a red “A” in
the photomap in Fig. 3. There was more accretion
of about 2.21 ha in the area labelled with a blue
“A”. Also, about 0.40 ha of mangrove was eroded
in areas denoted with a red “B”.



MONITORING SHORELINE CHANGE WITH REMOTE SENSING AND GIS 5

F
ig

. 2
. S

ho
re

lin
e 

ch
an

ge
 f

ro
m

 1
98

1 
to

 2
00

2 
in

 t
he

 n
or

th
er

n 
pa

rt
 o

f 
K

un
du

ch
i–

M
an

ye
m

a 
cr

ee
k



6 V. MAKOTA ET AL.

F
ig

. 3
. S

ho
re

lin
e 

ch
an

ge
 f

ro
m

 1
98

1 
to

  2
00

2 
in

 t
he

 s
ou

th
er

n 
pa

rt
 o

f 
K

un
du

ch
i–

M
an

ye
m

a 
cr

ee
k



MONITORING SHORELINE CHANGE WITH REMOTE SENSING AND GIS 7

Other parts of Kunduchi

Figure 4 shows the shoreline changes between
1981 and 2002 at the former site of the Africana
Hotel to the south of Whitesands Hotel. The blue

and red lines represent the shoreline (highest water
mark) in 1981 and 2002 respectively. The shoreline
in 2002 is shown in red in the upper part of the
photomap but it has not been extended to the
southern part, from point “A” southwards, where

Fig. 4. Shoreline changes in other parts of Kunduchi shores between 1981 and 2002
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land reclamation efforts can be seen in front of most
beach hotels, as curved shapes on the shoreline.

Letters A, B, C and D in Fig. 4 represent areas
where measurements for shoreline change were
taken. At point “A”, near Beachcomber Hotel, the
shoreline erosion that took place caused a recession
of about 52 m. At point “B”, we decided to measure
the distance from the shoreline to a point at a road
going to the former Africana hotel. It was found
that in 1981 the shoreline was about 78 m from
this point at the road. However, in 2002 the
shoreline was 36 m from the same point. Thus, in
21 years the shoreline has shifted by 42 m. At point
“C” the shoreline changed by 29 m and at point
“D” by 40 m.

River mouth changes at Kunduchi–
Manyema creek

Points “A” and “B” have been positioned in areas
which used to be the nearest (end points) in the
northern and southern parts of the river mouth
respectively. The distance between points “A” and
“B” in Photo 1, Fig. 5 was about 79 m in 1981.
The original positions of these points as they were
in 1981 are displayed in the photomaps of 1992
and 2002. The distance between points “C” and
“D” also shows the width of the nearest points
between the northern and southern points of the
river mouth in 1992, which was about 325 m.

DISCUSSION AND CONCLUSION

The present study used remote sensing data and
GIS to quantify shoreline change in Kunduchi area.
It has been observed that shoreline change in the
study area results from both erosional and
accretional processes. The study has revealed that
during 1981– 2002, more erosion took place in the
northern part of the creek while deposition took
place in the southern part.

Between 1981 and 1992, about 2.04 ha were
eroded from the northern part of Kunduchi–
Manyema creek. This area increased to more than
2.60 ha by 2002. Some of the buildings had
collapsed near Kunduchi Beach Hotel, especially
in areas close to the fish market, causing damage
and loss to property and investments.

Previous efforts at controlling coastal erosion
through the construction of groynes do not seem

to have been effective. Some of the groynes have
been washed away and others stand far from the
current shoreline, showing that erosion is still
taking place. As a mitigative measure, Kunduchi
Beach Hotel has recently constructed stone
structures.

Despite the general observation that erosion is
significant in the north and deposition in the south,
the present study found that there are some parts
south of the Kunduchi – Manyema creek that have
been significantly been affected by erosion. In
addition to collapsed properties, shoreline erosion
removed the mangroves on the southwestern side,
especially between 1981 and 1992. About 0.4 ha
of mangroves was washed away along the riverside
near the river mouth. The people interviewed also
mentioned the mangrove removal in this area.

From the aerial photographs it appears that
serious shoreline erosion at the river mouth
occurred between 1981 and 1992. From the 1992
aerial photograph, the river mouth widened to
about 325 m from its previous width of 79 m at its
narrowest point, between “A” and “B” in aerial
photograph of 1981. Although there was accretion
at that time, it has been difficult to determine the
extent of these depositional features from the
black-and-white aerial photographs used in this
study. There is almost no contrast between the tone
of beach and sand deposits. Nevertheless, it has
been possible to determine shoreline erosion based
on the pattern and texture of the land/water areas
in relation to the river passage. The fishermen
interviewed also helped to identify the features
from the aerial photographs during fieldwork.

Accretion is taking place in the southern part
of the creek. As a result, this part of the creek
protruded northwards from the former site of the
Africana Hotel forming a piece of land of about
2.81 ha between 1992 and 2002. According to
measurements using GPS, an area of about 2.24
ha from this land is covered with vegetation, such
as trees and bushes. In fact, there is more vegetation
than was present in 1981. It appears that the soil
characteristics have changed and this parcel of land
has stabilised, but further monitoring is
recommended.

Continued monitoring of shoreline changes is
important to our understanding of the changes
taking place at the Kunduchi–Manyema creek and
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the Kunduchi shores in general. Furthermore,
studies that link land use patterns, hydrological
data, human activities and other processes taking
place in the coastal and marine areas are
recommended. The results of this study should be
integrated with other datasets in a GIS in order to
monitor changes in the future. It is also important
that these results be shared with  relevant
stakeholders, including coastal managers, investors

(particularly hotel owners), the public, policy
makers, researchers and other scientists, for use
in decision-making on such issues as land use
planning, development of set-back lines and
identification of low-cost methods which could
be used in the context of integrated coastal area
management. It is concluded that remote sensing
and GIS are useful tools for monitoring the coastal
environment and resources in Tanzania.
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