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CHAPTER 1 

Introduction 

GENERAL INTRODUCTION 

Bird (1969) defined coastal geomorphology as the study of the coastal landforms, their 
evolution, the processes at work on them, and changes now taking place. Shorelines of many 
coastal areas are fringed landward by sand dune systems, though their occurrence and physical 
appearance depend on a combination of suitable factors. These are sand supply, wind regime, 
beach geometry, tidal range, precipitation, backshore physiography, vegetation and human 
activities. 

Coastal dunes worldwide, including those at Malindi, have been forming for thousands of years 
and have been connected with global sea level changes. Examples of studies carried out on fossil 
coastal dunes include those by Oosterom (1988) along the Kenyan coast and Jelgersma et al. 
(1970) in the Netherlands. These authors respectively concluded that dunes have been forming 
along these coasts since Early Pleistocene and 1000 AD. 

Aeolian sediments are piled up by onshore winds transporting sand, which has been supplied to 
the beaches by waves. Sand accumulations in low dunes begin usually around some plants and 
other obstacles. However, Cooper (1958) contended that development of coastal sand dunes does 
not require any plants. Note that desert sand dunes have neither vegetation nor moisture as 
important factors. David (1977) suggested that vegetation plays only a secondary role in 
comparison to moisture which enhances cohesion in dune sands, an important factor in coastal 
dune development. Vegetation and wind patterns consequently exert influence on the dune 
morphology. 

Based on elementary physics already described by Bagnold (1954), it can be seen that the greater 
the onshore wind speeds, acting for longer duration, the greater the potential sand transport 
(assuming a sediment source is available). However, the modelling of sand transport from wind 
data and duration alone is encumbered with a lot of uncertainties, which include wind gustiness, 
surface conditions and environmental factors. 

Bagnold (1954) and coastal geomorphologists have provided general explanations for dune 
formation. The clastic materials that reach the coastal region via the mainland drainage system 
are worked over by waves and currents (sorting action). The resulting sand size material spread 
on the beach is picked up by wind and transported inland (aeolian transport). The abundance of 
sand size material on the beach together with the effect of moisture and vegetation are ideal 
conditions for coastal dune building. 

According to Bagnold (1954) and van Dijk (1990), there should be a corresponding increase in 
the wind shear velocity to maintain sand transport. This is achieved by the adjustment of the bare 
sand surface into a dune form, especially if the sand-laden wind encounters an obstacle. This 
suggests that the formation of dunes begins from initial ephemeral structures such as sand 
ripples, which trap sediments, and grow in size, subsequently developing into dune features 

INTRODUCTION 1 



whose forms are closely related to the moisture content and vegetation cover (Bagnold, 1954; 
David, 1977). Barchan and transverse dunes may develop under quasi-dry conditions when the 
wind is nearly uni-directional. 

This simple explanation is likely to be complicated by the simultaneous rise of groundwater 
table, which also reduces the sand transport significantly as observed in the Camargue, France by 
Augustinus et al (1989). The linkage between incipient barchanoid dunes and the deflation 
surface on which they form, and the accumulation of transgressive sand sheets and transverse 
dune development must be examined in this context. 

Jennings (1964) and Pye (1991) have suggested that coastal dunes are less likely to develop in 
the humid tropics (according to the classification of Oliver & Fairbridge, 1987), citing a plethora 
of climatic factors inhibiting their formation. The existence of such a large dunefield near 
Malindi is a contradiction of these conclusions. 

Criteria for dune classification 

The following classification methods were considered in order to distinguish the morphological 
characteristics of the present dunefield. 

McKee (1979) and Thomas & Tsoar (1990) have proposed a dune classification scheme which is 
based on wind regime and sediment supply. Their model characterizes transverse and barchan 
dunes as products of unidirectional wind regimes in areas of limited sediment availability. In 
contrast, the Malindi Bay system has a bimodal wind regime and abundant sediment supply. 

Short & Hesp (1982) have developed a morphodynamic classification scheme explaining the 
existence of dunes in relation to shore topography, wave regime and sediment characteristics. In 
this classification, large-scale foredunes, barchans, transverse dunes and transgressive sand 
sheets are associated with wide, low-gradient dissipative beaches; with exception of foredunes 
the rest of the above geomorphological features are similar to those found in Malindi. 

Thomas & Tsoar (1990) have suggested that vegetation should be considered as a third 
component influencing morphodynamics by modifying the aerodynamic roughness of the sand 
surface. In the case of transverse dunes (including barchans) and sand sheets, which are 
extremely dynamic in terms of movement of sand, the growth of vegetation cover will be 
adversely hampered. Thus the morphologically mobile and stabilized dunes can be distinguished 
based on plant colonization. The stabilized dune category at Malindi Bay would therefore 
include hummocky dunes, established primary dunes and fossil dune ridges. Pye (1983) has used 
similar criteria to characterize impeded and transgressive dunes. The interaction between sand-
moving winds and vegetation (which creates surface roughness) is mainly exemplified by 
clumps of pioneer plants which trap mobile sand and form embryonic dunes. Hesp & Short 
(1980) have used this procedure to distinguish between incipient and established foredunes. 

Goudie (1977) and David (1977) have invoked climatic factors as being important in the 
development of dune morphology. If the beach is situated in a high temperature and arid zone, 
then it may be possible to encounter typical dune characteristics of a desert environment. For 
example, according to David (1977), the dry sand dune types include mainly barchans and 
transverse dunes. 
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The afore-mentioned classification procedures are incomplete, as they do not account for other 
morphological elements observed in the Malindi Bay dunefield, namely sebkhas and hummocky 
dunes. Schroeder (1974) defined sebkha as a "flat surface of equilibrium between deflation and 
sedimentation, the level of which is determined by the water table; often it is covered by 
evaporite". He further distinguished sebkhas as either coastal or continental. The former are 
adjacent to the beaches whereas the latter are morphologically separated from the sea by at least 
a dune ridge. In the field the sebkha are recognized as isolated sub-horizontal surfaces within the 
zone of transverse dunes with a moist appearance, and a distinctive vegetation. In the humid 
temperate regions they are termed dune slacks by Ran well (1972); in his dune slack 
differentiation, he concluded that the level of this is associated with that of the groundwater. The 
characteristics of the Malindi Bay sebkhas, even though different from those studied elsewhere, 
provide a subject for further enquiry. The seasonal climatic rhythm of this area with respect to 
wind and precipitation offers the opportunity to study the dynamics of a sebkha environment 
under very special conditions. 

Blum & Jones (1985) and Arens & Wiersma (1994) proposed a dune classification procedure 
that also takes cognizance of their management in addition to rating aeolian processes and 
morphological elements. Although to-date there has been no important management action at 
Malindi Bay, it is appropriate to apply the fundamental idea leading to coastal zone management, 
namely the anthropogenic influence on dune development. 

STATEMENT OF THE PROBLEM 

Since the 1960's the coast of Malindi Bay has experienced unprecedented high rates of shoreline 
progradation and a large transgressive dunefield has developed (Bird, 1985; Abuodha, 1989; 
Arthurton, 1992). The fundamental cause of such an occurrence is considered to be an increase 
in sediment transport volume by the Sabaki River (Figure 1.1). The presence of large volumes of 
mobile sand, apart from creating new land from the sea also threaten the older agricultural lands, 
recreational facilities, and settlements adjacent to the mobile sand dunes with sand cover. This 
predicament is augmented further by anthropogenic influences such as de-vegetation of 
stabilized dunes through overgrazing and clearing for crop cultivation, fuelwood and house 
construction. Thus the management of this area would require knowledge of the morphodynamic 
processes operating, so that effective mitigating procedures could be implemented. 

The present research investigated sediment characteristics and dispersion, morphometric 
parameters, and sediment budgets. Quantitative and qualitative analyses of spatial and. time-
dependent environmental interactions in terms of the distribution of wind energy and materials 
were attempted. Long-term observations and monitoring were carried out. The main reason for 
requiring geomorphological data in combination with wind flow regimes was to attempt to relate 
the wind flow patterns along this coast, with sediment transport parameters. 

In addition, systematic and well-controlled short-term field experiments on sand transport, dune 
migration, and sand surface changes were carried out. 
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OBJECTIVES OF THE PROJECT 

1. To make an inventory of the nearshore geomorphological features and provide a coastal 
classification model for Malindi Bay. 

2. To relate geomorphological units with the floristic composition and vegetation ecology. 

3. To determine the recent historical evolution of the present coast based on the shoreline 
progradation and the transgressive dunefield model. Determine seasonal morphological 
changes and sediment distribution patterns in response to alternating monsoon wind system. 

4. To determine the magnitude and direction of sand transport by wind. From the relationship 
between amounts of sand transport and the wind force, compute transport vectors based on 
hourly wind speeds, direction and duration relative to the shore. 

5. To interpret sediment grain size distribution curves in attempt to elucidate the contrast among 
geomorphological units. Identify statistical characteristics of surface sediments from the 
sieve frequency data. 

THE STUDY AREA 

The study area stretches from Malindi to Mambrui, a coastline distance of approximately 10 km 
(Figures 1.1 and 3.1). It is situated between the latitudes S^óS and S ^ S , and bounded 
westward by the transition zone between stabilized and active dune forms, marked by a 
precipitation ridge. The area is geographically set within a wide-open bay near the mouth of 
Sabaki River. The bay is bordered by wide beaches and high dune complexes. Reef patches and 
sheltered lagoons occur at the extremities of this bay, outside the study area. 

The area is also characterized by Pleistocene dune and beach ridge complexes together with 
former lagoon plains associated with Pleistocene barriers and raised reef platform. Therefore the 
area could geomorphologically be classified as a lagoon-barrier/dune ridge coast which seems to 
illustrate the predominantly advancing character of the coast- a shoreline of progradation or 
emergence. The nearshore area that was studied consisted of the beach, berm zone, foredune, 
sebkha (dune slacks), transverse (including barchan) dunes, transgressive sand sheets and semi-
stabilized hummocky dunes (Figure 3.8). 

STRUCTURE OF THE THESIS 

This thesis is comprised of independent but intrinsically connected chapters that are designated 
for publication. For this reason, some of the contents slightly overlap, especially in the 
introduction and description and map of the study area. In Chapter 1, the statement of the 
problem and objectives of this study are presented. The second chapter reviews previous studies 
on meteorology, oceanography, geology and geomorphology of the study site, in the context of 
the Kenyan coast. A morphodynamic classification of the Malindi Bay shore is discussed in 
Chapter 3. These results are complimented by short-term experiments based on erosion-accretion 
measurements on the slopes of individual dunes, beaches and berm surface, dune/ripple 
migration rates and profile changes of the shoreface. Photographs are presented at the end of this 

4 



chapter to illustrate the main geomorphological features. The next chapter (4) is concerned with 
the field experiments carried out using sand traps and measurement of wind flow parameters. 
From the results of sand traps, a method is suggested for the determination of the saltating sand. 
Regression analysis between the total amount of saltation and various indices of windiness is 
undertaken in order to obtain the most suitable relationship. Analysis of wind transport vectors is 
presented based on the hourly wind speed, direction and duration. The fifth chapter gives an 
inventory of the dunefield features and their relationship to the floristic composition and 
vegetation ecology. In Chapter 6, the areal grain size distribution of surface sediments of the 
coastline of Malindi Bay is analyzed in order to contrast the spatial and temporal patterns in the 
main geomorphological units. Finally, the major conclusions are summarized in Chapter 7. 
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Figure 1.1: Location of the study area (for details see figure 3.1). 
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