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CHAPTER 7 

FINAL CONCLUSIONS 

MORPHODYNAMICS OF DUNES AND BEACHES 

The analysis of the morphology of dunes and beaches of Malindi Bay allowed a better 
understanding of the distribution in size, varieties of dynamics behaviour of the geomorphological 
units. The study also aimed to determine rates of shoreline progradation in the period 1954-1994. 

The pattern of beach accretion and deposition in the southern and northern sectors of the study 
area were found to correspond closely with the monsoonal wind flow characteristics. The results 
imply that the supply of sand to the beaches involve the formation of offshore bars during the 
Sabaki river floods. These offshore bars are subsequently reworked by waves and sand is 
transported to the beaches by the longshore drift. 

At Malindi Bay, the sequence of dune succession, starting with isolated barchans on flat areas of 
the deflation plane and transverse dunes forming downwind of barchanoid dunes is in reverse to 
that documented in coastal dunefields elsewhere. This difference can be attributed to a gradual 
accumulation of sand around clumps of vegetation and plant debris at the backshores of the 
present study site, existing dunes modifying the style of sand transport and deposition, and 
probably the presence of moist sebkha surface exerting some control on the dune 
morphodynamics. 

This study provides a preliminary explanation to the existence of the two morphologically distinct 
groups of barchan dunes; 
1. during the southeast monsoon the dune form was mainly depositional, with a hump-back 

shape and a wedge at the base. 
2. during the northeast monsoon the dune form was mainly erosional, with a straight-back shape 

and scouring at the base. 

It is therefore suggested in conclusion that future research should involve measurements on the 
microclimatic scale over these dunes to explain in detail the wind structure and its effect on the 
two distinct dune shapes. 

The coastline of Malindi Bay has experienced average progradation rates of about 15 m a"1 since 
1954. This figure is based on interpretation of a sequential series of aerial photographs. 

The findings of this study would form an important component to the objectives of the Integrated 
Coastal Area Management (ICAM) strategy for the Kenyan coast. In order to avoid incorrect 
decisions, there is an urgent requirement to measure, with more precision, the patterns of sand 
movement in this coastal zone. 
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FIELD EXPERIMENTS ON AEOLIAN SAND TRANSPORT 

Wind speed and direction have a pronounced effect on the amount and direction of sand transport. 
In January and February 1993, the wind blew consistently from the northeast-east. In the second 
week of March, the character of the wind began to change as the direction veered more toward 
easterlies, until in early April, the wind began to blow out of the southeast-southwest quadrants. It 
remained fairly consistent from that direction until November when a gradual transition back to 
northeast-east began. Both vector analysis of effective winds and sand trap measurements indicate 
that winds from a southerly direction dominated sand transport processes during 1993, while the 
northeast winds were of moderate importance to the shifting of sand. Winds from 102-153°, 
prevailing during the transition period transported the least amount of sand. The lowest wind 
speed that was able to initiate sand movement was 6 m s"1, measured at a height of 6.5 m. 
Application of this value as the threshold wind speed was further justified by correlating rates of 
vertical change in sand transport and mean wind speed; the results indicated that at 6.16 m s'1 the 
rate (a) would be zero. 

A method of estimating saltating sand on the surface is suggested on the basis of log-linear 
regression of the exponential catch-height relationship. Both trap measurements and field 
observations suggest that creeping sand probably constituted a larger proportion of the total mass 
flux than previously espoused. This finding justifies further experiments, perhaps using 
instruments that do not obstruct moving grains, such as those based on laser technology, to 
confirm conclusively the contribution of creep to the total transported sand. It is recommended 
that future studies should involve measurements on the microclimatic scale from many data 
points within the dunefield to enable a more precise study of the relationship between the 
turbulence structure of wind over the dunes and sand transport. 

The relationship between creep and saltation would provide a basis for further inquiry into the 
aeolian sand transport mechanism under our special field conditions; the Malindi Bay dunefield 
would form an excellent field laboratory for such an inquiry. Also important to this inquiry would 
be the inclusion constrains to sand transport such as moisture cohesion of grains, salt crust, 
sediment texture, beach width (taking into consideration the effect of tides) and slope, wind 
gustiness, vegetation local accelerations and land/sea breezes and their effect on sands transport 
rates and sediment budgets on a tropical shoreline at Malindi Bay. 

An empirical transport rate formula for the Malindi Bay dunefield conditions was established 
which is based on the fifth power of wind speed; the results correlate less with the third 'power 
law invoked in most Bagnold-type transport equations. Using this formula, the rate of aeolian 
sand transport can be calculated from the mean wind speed measurements at 6.5 m. Regression 
analysis of the periodic measurements of the actual transported mass and the mean wind speed 
over a 12 month period has shown considerable scatter which could mainly be attributed to 
complex flow patterns and the spatial and temporal variations in the sand bed mixture; for 
example variations in grain size and density (including the constrains listed above) distribution 
would exert control on the modes of sand transport. 

It was found that the mean grain size of the transported sand generally decreased with height, 
except at the lower levels (less than 10 cm) where an increase in grain size with height was noted 
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during moderate and strong winds. Sorting decreased with height for weak winds but at higher 
wind speeds the variations of sorting values with height became increasingly more complex, 
probably as a result of change in the transport mechanics. 

FLORISTIC COMPOSITION AND VEGETATION ECOLOGY 

Mambrui, a settlement at the northern extremity of Malindi Bay is affected by sand encroachment 
as a result of clearance of vegetation for fuelwood and grazing. This poses several problems to the 
area residents. There is evidence of increasing sand engulfment of shrubs and recovery of shrub 
layer seems to be difficult under these conditions. Sand has been deposited on roads and houses 
and the dust is also a health hazard. 

A classification of the floristic data revealed that vegetation communities are closely associated 
with the main morphological units of the dunefield and sand dynamics. This association reflects 
the physico-chemical properties of each unit. Pioneer vegetation, Halopyrum mucronata and 
Ipomoea pes-caprae, adapted to the foredune environment are able to withstand both highly 
saline conditions and persistent sediment engulfment in addition to long drought periods. These 
vegetation types are important for initial foredune stabilization. Dead woody shrub, Cordia 
somalensis, replaced by Halopyrum mucronata and Ipomoea pes-caprae, suggests an ecological 
succession where the former is less tolerant to the washover effect which frequently occur during 
seawater incursion into the deflation plane and/or burial by wind blown sand whereas the latter 
vegetation types are well adapted to these stresses. 

Further inland from the pioneer grass and herbs (with sparse ground cover and low canopy 
heights) there is an increase in floristic complexity towards shrub communities although the 
dominant species still reflect geomorphological association. Established primary dunes, 
hummocky dunes and dune ridges are the units which show stabilization under diverse plant 
assemblages. The perpetually moist sebkha surface supports a variety of hydrophilous grasses, 
sedges and herbs. The major part of the dunefield consisting of mobile sand sheets and crescentic 
dunes is bare as a result of greater sand movement. 

For a dynamic coastal management and dune conservation purposes, it is suggested that the 
artificial stabilization of mobile coastal dune and rehabilitation of degraded dune ridges at 
Malindi Bay should be initiated during the northeast monsoon, at the onset of the short rains. 
However, before actual stabilization of dunes can be undertaken, a pilot project in the dunefield 
would be necessary and to provide an opportunity for environmental impact assessment of such a 
stabilization project; by means of experiments to investigate the aerodynamic interactions 
between plant communities and wind and the modifying role that this has on the aeolian sand 
movement. A first step would be to increase the length of the presently sporadic foredunes by 
using sand fences, then increase the density of indigenous pioneer species, Halopyrum 
mucronatum, Ipomoea pes-caprae and Scaevola plumieri. Cordia somalensis and Vernonia 
homilantha thriving well in the more stable hummocky dunes would be ideal for the stabilization 
of the more landward dunes; the stabilization technique would involve transplant of these plant 
communities together with the top soil. 
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Findings of this project could be incorporated into the indigenous technical knowledge of 
environmentally friendly landuse practices that enhance management and conservation of the 
fragile sand dune ecosystems. 

COMPOSITION OF MODERN DUNE AND BEACH SEDIMENTS 

Spot samples collected from closely related sedimentological units did not yield coherent grain 
size distribution properties to enable a distinction of the geomorphological units or longshore or 
seasonal variations. Since dune sands were chiefly derived from the beach, it would be surprising 
if all traces of their origin were obliterated by wind action. When the spot samples of each unit are 
mixed to produce composite samples, they show that, 

1. Longshore variations in beach sand size were only discernible along the beach stretch close to 

the river mouth, 

2. Although not always well marked, there is a tendency for the mean grain size (and percentage 
of coarse material) to decrease from the beach to the foredune and for sorting to improve in 
the same transport direction, 

3. The fraction 0.625o which is present on the beach is apparently absent on the immediate berm 
zone and the foredune. This would either imply that wind is unable to entrain this sand grade 
from the beach or that this fraction forms a very small part of the mass transport across these 
units which could not be detected by the sieving method, 

4. The concentration of the fraction 0.625(p on the steep slopes and interdune valleys is much 
higher. This would imply subsequent accumulation of this fraction where wind acceleration is 
greatest, resulting in lag deposits, 

5. The beach and dune sediments consisted of size ranges about a modal size of 1.625q> which 
was represented by grains more than any other; more than 95% of the grains ranged between 
0.1-0.4 mm, 

6. Wind-blown dune sands and beach sands were chiefly unimodal in particle size distribution in 
13 out of 16 cases during the southeast monsoon, and bimodal in 7 out of 8 cases during the 
northeast monsoon. Although the sand particles were generally of narrow particle distribution 
and hence well sorted, it was noted that during the northeast monsoon, the particle size spread 
was comparatively broad, 

7. Apparently, sorting of beach sands and dune sands worsens with the maximum observed size. 
In fact, a t-test for this correlation is significant at the 10% level (r = 0.66; n = 24). The sands 
show near symmetrical to very positive skewness (size frequency curves slope most gently on 
the fine grained side of the plot and suggesting a process that decimates finer grades during 
sand transport leaving coarse grains behind as lag deposits) and are about equally well sorted. 
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8. Seasonal changes in grain size characteristics were more important than either longshore 
variations or differences across the geomorphological units. Compared to the southeast 
monsoon, materials during the northeast monsoon were coarser, worse sorted and more 
positively skewed. Aeolian sands were more platykurtic and more bimodal during the 
northeast monsoon. 

9. Coarser materials are presented to the beach during the northeast monsoon. This sediment 
was rapidly transported over the entire system (beach, berm zone, foredune, dunefield) during 
one season. Therefore this is a very active aeolian system. 

10. The enrichment of heavy minerals especially in the berm zone and dunes is a manifestation of 
lag concentrates resulting from differential sorting by density. Work is currently being 
undertaken by a Canadian company (TIOMIN) to exploit the heavy mineral deposits along 
the Malindi Bay coast. 
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