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Abstract 
The major objective of the present study is to demonstrate how remote sensing 

approach can be used for studying nearshore bottom morphology and shoreline 

changes in coastal Tanzania. Two study sites were used. In the first site, remote 

sensing satellite Landsat Thematic Mapper data was evaluated against known water 

depths from conventional echo sounding measurement taken on the eastern side of the 

channel. The correlation between the remote sensing data and the echo sounding 

mesurement was rather satisfactory, suggesting that the approach can roughly be used 

to investigate sea bottom morphology in the nearshore areas. In the second study site, 

remote sensing satellite data from Landsat Thematic Mapper and Enhanced Thematic 

Mapper were used to investigate shoreline changes along the western side of the 

channel. The results of the study show that the delta and the shoreline north of the delta 

is currently accreting, where significant accretion has occurred between 1986 and 2000 

than before 1986. 
  
 

1.0 Introduction 
Acquisition of baseline information on coastal sedimentological processes and 

geomorphological study of the sea bottom is one of the biggest challenges facing states 

with long coastlines. Gathering of such fundamental data using conventional means is 

generally time consuming and also expensive. The challenge is particularly acute for 

poor developing countries where both skilled personnel and capital resources are 

limited. Remote sensing approach is considered to be a good option for such kind of 

studies. The method has the potential capability to provide quantitative information 
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quickly and relatively inexpensively compared to the cost of employing researchers to 

observe an equivalent area with conventional methods. 

Tanzania is a state with a coastline length of 800 along the mainland. The 

coastline length of its three major islands (Pemba, Unguja and Mafia) exceeds 500 km.   

Tanzania has therefore one of the longest coastlines among the east African countries. 

As such, acquisition of baseline information on coastal sedimentological processes and 

geomorphological study of the sea bottom is one of the biggest challenges facing 

Tanzania. The use of satellite remote sensing for gathering this baseline information in 

coastal Tanzania is therefore suggested. The data from two case studies conducted in 

the Zanzibar channel (Shaghude, 2001) is being used to demonstrate that the method 

has the potential capability of addressing these fundamental needs for the Tanzania’s 

integrated coastal zone management projects.  
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Figure 1. Map showing the two investigated sites (shown by bold lines) in the 

Zanzibar channel 
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1.1 The study area 
The Tanzania mainland coastal areas in the vicinity of the Ruvu delta and the 

nearshore area west of Zanzibar Town have been selected for the present study (Fig.1) 

The two sites are located east and west of the Zanzibar channel which had been the 

focus of other geological studies (e.g. Shaghude and Wannäs, 1995, 1998, 2000; 

Shaghude 2001). The eastern side of the Zanzibar channel has a complex sea bottom 

morphology which is dominated by Pleistocene raised coral platforms, with a network of 

internal channels (Shaghude and Wannäs, 1998; Shaghude et al., 2002). The western 

side of the channel is characterized by a smooth topography with a gentle gradient 

(Shaghude and Wannäs, 1998). Large amount of siliciclastic sediments which enter the 

sea through the rivers Ruvu and Wami are the most important causative factors for the 

observed smooth topography on the western side of the channel.  

 

2.0 Materials and methods 
Two landsat image scenes taken from Landsat 5 TM (Thematic Mapper), acquired on 

22 October 1986 and 29 March 1998 were used for this study. Investigation of sea 

bottom morphology in the vicinity of Zanzibar used the data from the 1998 satellite 

scene. Both satellite scenes were used to investigate temporal shoreline changes on 

the Ruvu delta.  

In the study of sea bottom morphology in the vicinity of Zanzibar, the 

geometrically corrected satellite data was reflectance calibrated and atmospherically 

corrected using “dark pixel subtraction” based on the reflectance values from water 

areas deeper than the possible maximum depths of penetration.  The factual maximum 

depths of penetration for the TM bands 1, 2 and 3 (the blue, green and red bands) were 

calculated to 26, 15 and 5 metres respectively. Correlation analyses was made between 

the three basic bands (and the combinations thereof) with the GPS corrected echo 

sounding data of the area (Shaghude and Wannäs, 1998) to find the band/band 

combination which produce the best correlation. 

In the other study on shoreline changes in the vicinity of the Ruvu delta, both TM 

satellite scenes were used. The selection of the two scenes was based on the 

minimization of sea water level differences due to tidal effects. Thus, the two satellite 

scenes had similar sea water levels. The same spectral bands (band 1, 2  and 3) 

representing the visible region were used due to their capability to penetrate water. 

Before analysis of the images, they were optimally enhanced and histogram matched to 
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be comparable during the visual interpretation. The two scenes were then analysed 

visually to determine the major features along the coastal strip of the investigated area 

and the spatial and temporal changes between 1986 and 1998. The actual visual 

analysis of the images involved, tracing each image on transparent papers and 

superimposing the traced images for detecting temporal changes. 

 

3.0 Results    
3.1 Morphological study  
The correlation analyses between different bands/band combinations with the echo 

sounding data showed that the algebraic sum of band 1 and 2 produces the best 

correlation (Fig. 2). With the exception of few cases (n<10), the correlation analysis 

demonstrates a consistent relationship between the bottom reflectance and the 

observed depth, where the reflectance decrease systematically with increasing depth. 

The exceptional cases were attributed to vegetated sea bottoms, creating low 

reflectance values also for shallow water bottoms. 

 

 
Figure 2. The correlation between echo sounding depth measurements (D) and the reflectance (R) 
values (given as the natural logarithms of the sum of TM bands 1 and 2). Note that n = 243. 
 

3.2 The study on shoreline changes 
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After superimposing the two traced images of the two satellite scenes it was evident that 

there was a significant accretion of the delta between 1986 and 1998. The temporal 

changes on the delta between 1986 and 1998 are as shown in Fig. 3. The figure shows 

two sub-aqueous levee systems; the southern sub-aqueous levee and the northern sub-

aqueous levee.  The estimation of the physical dimension of the two sub-aqueous levee 

show that significant changes in the dimensions of both levees have occurred between 

1986 and 1998 (Table 1).  

 

Table 1: The estimated physical dimensions of the sub-aqueous levee systems north 

and south of the river mouth from the satellite scenes. 

 

Area of  the levee (km2)   Imagery 

Northern Southern 

1986    1.4    - 

1998    5.4    4.7 
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Figure 3.  Map showing the aerial change of the delta between 1986 and 1998. NL 
= Northern levee, SL = southern levee. The sattelite images (coloured ) showing the 
coastline prior 1986 and after 1986 may be obtained from the author) 
 

 5



4.0 Discussion 
The mapping of sea bottom morphology using remote sensing TM data demonstrates 

that the correlation between the depth measurements taken using conventional method 

(echo sounding) and the reflectance values of the sum of the TM bands 1 and 2 is very 

good (r = -0.89) suggesting that, the reflectance values of the two TM bands can be 

used to estimate depth in vegetation-free nearshore areas.  

An image based on the regression line of Figure 2 is shown in Figure 4-a, where 

A-letters are positioned to the left of some of the vegetation-covered bottoms. In the 

figure, the reflectance values (and hence bathymetry) are proportional to the observed 

grey level, with shallow areas appearing as light tone and deep areas appearing as dark 

tone. Fig. 4-b shows a comparison between a depth profile derived from the image data 

in Fig. 2, and the echo sounding data; displaying the behaviour of the spectral  data in 

relation to water depth and vegetation cover. Thus in coastal areas with only few 

vegetated sea bottom area  the approach discussed above may be considered to be 

adequate for estimating the bathymetry of the coastal area. However, in coastal areas 

with significant vegetated sea bottom areas, further treatment of the remote sensing 

data is necessary (Lysenga; 1981; Shaghude, 2001).  

 

Fig. 4-a: An image based on the regression in Fig. 3 over a part of (8 km x 8 km) of the 

study area. The water depths are inversely proportional to the grey level. Observe that 

the six A letters are positioned to the left of some of the vegetated sea bottoms causing 

too high depth values. The horizontal black line shows the location for the depth profile 

presented in Fig. 4-b 
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Figure 4-b. A 4 km depth profile (grey line) derived from the image data displayed in Fig. 

4, together with echo-sounding data (black line). The line with A above the diagram 

marks a vegetation covered area with false, too high depth values from the image data. 

The poor alignment within the shallow part to the right of that area illustrates the 

problem in obtaining a good correlation through regression analysis over the total depth 

range. See Figure 4a for the profile location. 

 

The other study on the use of remote sensing TM data for investigating temporal 

changes on shoreline show that the Ruvu delta have been accreting during 1986 and 

1998. The results of this study show that the accretion rate of the delta north of the river 

mouth is one of the most unique features.  On the basis of the mapping results 

presented in Table 1, the annual aerial growth rates between 1986 and 1998 is about  

0.33 km2.  

The present study show that the investigated delta and the shoreline north of the 

delta are currently accreting. The shoreline  has a net accretion toward the north despite 

the annual monsoon influence. The results are consistent with other studies (Alexander, 

1969; Muzuka and Shaghude, 2000; Muzuka, 2001). Alexander (1969) attributes the 

exceptional development of beach ridges immediately north of the river mouths on the 

Tanzania mainland to preferential northward transport of sediments along the shore. 

The other studies of Muzuka and Shaghude (2000) and Muzuka (2001) which were 

conducted north of Dar es Salaam harbour also noted preferential northward transport 

of sediments in the Dar es Salaam area. 

This significant accretion may be attributed to: 1- landslide events during extreme 

rainfall events on the catchment area of  river Ruvu, that is the Uluguru mountains, and 

2- changes in land use patterns on the catchment area of the river. Landslides 

assocoated with extreme rainfal events East African highlands are very common and 

have been reported by many workers (Temple and Rapp, 1972, Westerberg, 1999; 

Westerberg and Christiansson, 1999). One such extreme rainfall event on an 

approximately 20 km2 catchment on the Uluguru Mountains where between 58 and 185 

 7



mm of rainfall was concentrated in a three-hour period, giving rise to more than 1000 

landslide events (Temple and Rapp, 1972).  

The 1997/98 El Nino-Southern Oscillation (ENSO) was also associated with 

extraordinary landslides in many parts of Tanzania, especially in the highland areas. An 

investigation on the monthly rainfall data from one of the rainfall station located along 

the slopes of the Uluguru mountain (Fig. 5) show that besides the 1997/98-rainfall 

season there were other rainfall seasons between 1986 and 1998 with extreme rainfalls 

(e.g. 1985/86, 1986/87, 1991/92, 1992/93, 1993/94 and 1994/95). The historical record 

of ENSO events between 1950 to 2000 have been discussed by various workers (e.g.  

Wolter and Timlin, 1998, IRI, 2000, CDC, 2003). The studies show that between 1986 to 

2000 there were 2 other ENSO events (1986-88, 1991-95), suggesting that the above 

cited extreme rainfall events were also ENSO events. Thus, one should not only 

consider the 1997/98 ENSO rainfall season, as there were other ENSO seasons, which 

were even of longer duration than the 1997/98 ENSO event. 

It must be pointed out that the monthly precipitation data is not very informative 

as far as landslide events are concerned. The frequency and intensity of precipitation 

(Temple and Rapp, 1972; Westerberg, 1999) generally control landslide events. The 

daily precipitation records, which may give some clues on rainfall intensity, would for 

this case be more important than the monthly records, but these data are more difficult 

to find. It is therefore not possible to make direct linkage of the extreme rainfall events 

between 1986 and 1998 with the observed fast growth of the Ruvu delta between 1986 

and 1998. However, the possibility that the Ruvu delta growth was associated with the 

landslides during the extreme rainfall events between 1986 and 1998 cannot completely 

be ruled out.  

Other interesting data which could have been relevant to this study include the 

river gauge measurements. Such data would provide an insight on the frequencies of 

flash floods, and whether such floods are indeed associated with the above cited, 

ENSO events. Fluctuation in discharge can be significant in determining the calibre of 

sediment supply (Elliot, 1978). It is argued that rivers with erratic regimes characterized 

by brief episodic high discharge periods are more likely to supply coarse sediments to 

the delta than more stable regimes which tend to sort sediments prior to its reaching the 

delta. However, the author is not aware of the existence of such data for Ruvu river 

(Such kinds of data could easily be found for Rufiji river but not other Tanzania coastal 

rivers).  
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Finally, some of the ongoing studies in the area reveal significant change in land 

use patterns from 1985, which is exemplified by a relatively large conversion of more 

woodland and forest areas of the river Ruvu catchment into agricultural fields (Lennart 

Strömquist, Uppsala University; personal communication). This significant change in 

land use patterns from 1985 might also have a direct linkage with the fast growth of the 

delta between 1986 and 1998, as the previous study of Temple and Rapp (1972) show 

that soil erosion generally affects the cultivated areas more than the forested or 

woodland areas. 

 

0

100

200

300

400

500

600

0 1 2 3 4 5 6 7 8 9 10 11 12 13

R
ai

nf
al

l (
m

m
)

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

 

 

Figure 5. 13-years rainfall data from one station at Uluguru mountains. The 
numbers on the x-axis 1 – 12 represents the months from January to 
December. 
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