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ABSTRACT 

 
The aim of this paper is to consider physical coastal 
zone impacts due to expected climate change in the 
Namibia, South Africa and Mozambique coastal 
region, and to provide some mitigating response 
options. 
 
The primary effects of climate change in the coastal 
zone are discussed, e.g. potential modification in 
storminess and sea level rise. The latest sea level rise 
projections, accelerated sea level rise, and 
applicability to southern Africa are reviewed. Estimates 
are presented of extreme inshore sea water levels. 
Potential changes in local wave conditions and 
sediment transports are explored. Some issues 
associated with thresholds and complexities of coastal 
processes and effects are identified. How impacts will 
vary depending on diversity of the coastline is 
discussed. This is also linked to the resilience afforded 
by certain natural features and processes. Some of the 
most vulnerable areas and local issues are identified in 
Namibia, South Africa and Mozambique. Possible 
responses and guidelines to mitigate climate change 
impacts are presented, including some coastal 
management and development guidelines. 
 
Key words:  coastal zone, climate change, Southern 
Africa, response options, mitigation guidelines  
 
1. BACKGROUND 
 
Predicted climate change (CC) and sea level rise 
(SLR) have far-reaching consequences for southern 
Africa’s coastal provinces where the great majority of 
the population live and work in, or near, the coastal 
zone (Midgley et al 2005). More than 30% of South 
Africa’s population and about 60% of Mozambique’s 
population currently live near the coast. In excess of 
80% of the southern African coastline comprises of 
sandy shores susceptible to large variability and 
erosion. Due to the expected impacts, but also the 
uncertainty of CC predictions, more comprehensive 
studies into the potential effects/impacts are required 
(IPCC 2001). In the UK, for example, CC scenarios 
looked 30-80 years ahead; even in that timescale, 
damage due to coastal erosion is set to increase by 3 
to 9 times (Allsop 2005).  
 
 
 
 

The focus area of this paper is the southern African 
coastline of Namibia, South Africa and Mozambique 
(Figure 1 below). 
 

 
Figure 1: Study area - coastline of Namibia, South 
Africa and Mozambique 

 
 
 

2. SEA LEVEL RISE (SLR) AND POTENTIAL 
MODIFICATION IN STORMINESS 

 
SLR projections 

 
One of the observed impacts of global warming is sea 
level rise. The main causes of eustatic sea level rise 
are (IPCC 2007): thermal expansion of the oceans; 
melting of glaciers and ice caps; increased ice 
discharge from Greenland and Antarctic ice sheets. 
 
Recent observations from satellites, very carefully 
calibrated, are that sea level rise 1993-2003 is 3.1 +/- 
0.7 mm y-1 (Cazenave & Neren 2004), while the latest 
data give sea level rise of 3.3 +/- 0.4 mm y-1 in 1993-
2006 (Rahmstorf et al 2007). The IPCC Fourth 
Assessment Report (“AR4 Report”) (IPCC 2007) 
predicts that the rise of global average sea level by 
2100 will be in the range from 0.18 to 0.59 m 
depending on the emissions scenario (Figure 2). This 
report also concludes that anthropogenic warming and 
sea level rise would continue for centuries due to the 
timescales associated with climate processes and 
feedbacks, even if greenhouse gas concentrations 
were to be stabilized. 
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Figure 2: Measured and predicted SLR for 1800 - 
2100 (IPCC 2007) 
 
Comparisons between about 30 years of South African 
tide gauge records and the longer-term records 
elsewhere, show substantial agreement. A recent 
analysis of sea water levels recorded at Durban 
confirms that the local rate of sea level rise falls within 
the range of global trends (Mather 2008). 
 
The IPCC WGI Fourth Assessment Report (2007), 
states that it is unclear whether the faster rate for 1993 
to 2003 (compared to 1961 to 2003) reflects decadal 
variability or an increase in the longer-term trend. The 
probability of sudden large rises in sea level (several 
metres) due to catastrophic failure of large ice-shelves 
(e.g. Church & White 2006) is still considered unlikely 
this century, but events in Greenland (e.g. Gregory 
2004) and Antarctica (e.g., Bentley 1997; Thomas et al 
2004) may soon force a re-evaluation of that 
assessment. The projections into the 21st century 
must be at least 3.3 mm y-1, and probably more, given 
the acceleration observed. In the longer term the 
large-scale melting of large ice masses is considered 
inevitable. 
 
Components of extreme inshore sea water levels 

 
A summary of the most relevant physical parameters 
and estimated typical extreme effects on inshore sea 
water levels for the SA coast is given in Table 1 below. 
 
Table 1: Parameters and estimated maximum 
effects on still-water levels for SA coast. 
Parameters and effects Elevations (m to mean 

sea level - MSL) and 
set-ups (+ m) 

Mean high water spring tide 1 

Highest Astronomical Tide (HAT ~19 
yr return period)  

1.4 

Severe wind set-up +0.5 

Maximum hydrostatic set-up +0.35 

Wave set-up +1 

100 year sea-level rise (IPCC 2007) +0.2 to +0.6 (say 0.4) 

Note that the potential other additional impacts of 
climate change (e.g. more extreme weather events) on 
wind-, hydrostatic- and wave set-up are not included in 
the above.  
 
The above elevations all relate to the still-water level at 
the shoreline. This should not be confused with the 
additional effect of wave run-up, which can reach even 
higher elevations. Wave run-up is the rush of water in 
the swash zone up the beach slope above the still-
water level. 
 
Maximum run-up levels on the open KwaZulu-Natal 
(KZN) coast near Durban on the SA east coast during 
the March 2007 storm, which coincided with HAT, 
reached up to about + 10 m MSL (according to 
surveyed elevations – Smith et al 2007), or 9 m above 
mean spring tide. (Note that wave set-up and run-up 
are both accounted for in these levels.) The wave 
height recurrence period was found to be about 1-in-
35 years, while the joint probability of recurrence of the 
wave height and tidal level (HAT) is estimated at more 
than 1-in-500 years (M Rossouw, pers. com.). Direct 
infrastructure damages alone resulting from this storm 
is estimated to be over R 400 million (see example in 
Figures 3a & 3b below). This storm is particularly 
significant, not just in terms of its severity, but also in 
that the joint probability of the events is extremely low 
at present. However, due to SLR, the tidal levels 
reached during this storm (19 yr HAT level) will 
effectively be reached during ordinary spring tides 
every 2 weeks by about 2100. This factor alone means 
that the potential return period of a similar event will be 
much reduced (i.e. occur more frequently). In addition, 
due to potentially increased sea storminess (through 
CC), similar storm wave heights could occur more 
often in future. In other words, the same conditions 
could potentially occur much more frequently in future 
due to SLR and increased sea storminess. The recent 
storm should perhaps serve as a timely warning of the 
potential impacts that could be incurred much more 
frequently in future due to CC effects. 

   

 

Figure 3a: Example of impact of March 2007 
KwaZulu-Natal sea storm (Photo: D Phelp) 
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Figure 3b: Example of impact of March 2007 
Kwazulu-Natal sea storm (Photo: D Phelp) 

Extreme wave heights and maximum tidal levels along 
the Namibian coast are both in the same order, but 
slightly less than along the KZN coast of SA. Thus, as 
a general and very rough guideline for Namibian 
beach areas, it is suggested that an extreme run-up 
level of 6 m to 8.5 m above MSL be considered in 
future planning. 
 
Although cyclones rarely approach close to the 
Mozambican coast, they could potentially result in 
extreme wind conditions with relatively large wind 
waves and significant elevation of the local water level. 
Tidal variations in Mozambique are much greater than 
in SA. Thus, it is suggested that as a general and very 
rough guideline for Mozambican beach areas, an 
extreme run-up level in the order of 6 to 9 m above 
mean spring tide be considered in future planning, 
especially for more permanent developments with long 
design lifetimes (> 50 years). 
 

Potential changes in local wave regime 
 
The problem with sea level rise is not just the mean, 
which is now a relatively modest 3.1 +/- 0.7 mm y-1 
(e.g. Cazenave & Neren 2004), but its interaction with 
changing storm intensities and wind fields to produce 
sea conditions which overwhelm existing infrastructure 
(e.g. Battjes 2003; Houghton 2005). This is a 
particularly important risk in the case of the highly 
exposed South African coastline, and a subject that up 
to now has been virtually unexplored, even 
internationally. 
 
The available information indicates that despite some 
possible trends in certain parts of the world, potential 
changes in oceanic wave regimes resulting from global 
warming are still very uncertain in all parts of the 
globe. According to Hewitson (2006), average wind 
velocity is expected to increase in all seasons in SA. 
While seemingly modest, these are changes in the 
average, and reflect a significant change for coastal 
areas. However, despite the likelihood of stronger 
winds, predicted values for potential changes in wind 
regimes in the southern African region are lacking. In 
view of this shortcoming and to enable an assessment 

of the potential impacts of stronger winds, a relatively 
modest increase of 10% will be assumed. 
 
Wave height (in the fully developed state) is 
proportional to the square of the wind stress factor 
(UA). UA is related to the wind speed (U) according to 
the following expression (US Army, Corps of 
Engineers 1984): 
 

UA = 0.71 U1.23  
 
Thus, a modest 10% increase in wind speed, means a 
12% increase in wind stress and a 26% increase in 
wave height. 
 

Potential changes in sediment transport 
 
Based on the above, the effect of an increase in wind 
speed can also be calculated in terms of sediment 
transport rates. The effects on surf zone wave 
conditions of an increase in oceanic winds is much 
more complex than considered above, but these 
potential changes can nevertheless be used to obtain 
preliminary estimates of potential effects on sediment 
transport. 
 
If one of the best known and most widely used 
alongshore sediment transport rate formulas is 
applied, namely the CERC formula (US Army, Corps 
of Engineers 1984), the total potential increase in the 
alongshore sediment transport rate is calculated to be 
80%, resulting from a 10% increase in wind speed. 
 
Various well known cross-shore sediment transport 
formulas are based on wave energy or wave power 
concepts (for examples, see Schoonees & Theron 
1995). Wave energy is proportional to the square of 
the wave height (which in itself, in the fully developed 
state, is proportional to the square of the wind stress 
factor). The wave power is proportional to the wave 
energy and the wave period. Therefore, with the wave 
period directly proportional to the wind stress factor, an 
increase of only 10% in wind speed means as much 
as an 80% increase in wave power. This means that a 
modest 10% increase in wind speed could also result 
in a potential increase in the order of 40% to 100% in 
the cross-shore transport rate. 
 
The actual changes in both the alongshore and cross-
shore sediment transport rates will also depend on 
other local factors, such as the effects of CC on each 
wave generating wind field, the availability of sediment 
to be transported and the 3-dimensional changes in 
the surf zone currents and beyond. The impacts on the 
overall wind, wave, current and transport regimes are 
much more complex. In addition, for example, climate 
change will affect rainfall and thus river runoff, in turn 
affecting catchment sediment yields and supply to the 
coast, which in the long-term will impact coastal 
sediment budgets and therefore also affect shoreline 
evolution. 
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3. EFFECTS AND IMPACTS OF CLIMATE 
CHANGE IN THE COASTAL ZONE 
General coastal impacts 

 
The National Committee on Coastal and Ocean 
Engineering of Australia (NCCOE 2004) identified a 
number of potential major impacts for the coastal zone 
resulting from climate change, such as: 

• inundation and displacement of wetlands and 
lowlands 

• eroded shorelines 
• increased coastal flooding by storms 
• salinity intrusion of estuaries and aquifers 
• altered tidal ranges, prisms and circulation in 

estuarine systems 
• changed sedimentation patterns 
• decreased light penetration 
• changed storm patterns, windiness, wave 

energy or direction impacting coastal stability 
and alignments 

 
Although we are not able to reliably estimate at this 
time changes in storm patterns, windiness, wave 
energy or direction, the increase in storm activity and 
severity will probably be the most visible impact and 
the first to be noticed. For example, higher sea levels 
will require smaller storm events to overtop existing 
storm protection measures (see Figure 4 below - 
example of an existing problem area). 
 

 
Figure 4: An existing overtopping & flooding problem (Table 
Bay, SA), likely to worsen due to climate change (Photo: L van 
der Merwe) 
 
Other adverse implications of coastal impacts due to 
climate change include: 

• Inundation and flooding of low-lying areas 
adjacent to some estuaries, tidal inlets, coastal 
wetlands and marinas. 

• Degradation/narrowing of beaches due to 
coastal erosion, makeing tourism areas less 
attractive. 

• Altered freshwater inflows and sea conditions 
(waves, water-levels, sediment) will (further) 
reduce environmental function of some 
estuaries – also impacts fisheries (e.g. nursing 

grounds). Also, many southern African 
estuaries could be exposed to changes in 
salinity regime, and changed mouth dynamics 
resulting in regime changes regarding mouth 
status (open/closed). 

• A rise in the sea level is likely to also have a 
significant impact on the coastal ecology. In 
many areas anthropogenic development has 
encroached too close to the high-water line. In 
some instances there is now not sufficient 
space available for biota/ echosystems to 
migrate upwards with sea-level rise. Thus, in 
such areas the ability of biota to adapt have 
been diminished and they have indirectly 
become more sensitive to the effects of 
climate change.  

� Breakwaters at harbours or ports, revetments 
and sea walls, which protect infrastructure 
such as housing, promenades, pavements, 
parking areas, etc from direct wave action and 
under-scouring.  The longevity of such 
structures and facilities will be reduced, and 
more maintenance will be required due to the 
growing intensity of extreme events and the 
progressive onslaught of the sea. Some 
infrastructure has already become 
endangered and all such adverse situations 
will worsen considerably, in some instances 
beyond critical limits due to the combined 
impacts of sea level rise and increased sea 
storms. 

� Road and rail embankments. In some 
instances, roads and railway lines have been 
located too close to the sea. The foundations 
of such structure could be under-scoured due 
to the combined impacts of sea level rise and 
increased sea storms, resulting in structural 
damage and potentially fatal accidents if not 
rectified. 

� Managed dunes. In some instances, it is only 
the maintenance /management of the primary 
dune which provides ongoing protection to 
coastal infrastructure against wave attack and 
erosion. Coastal erosion and changed 
sediment budgets resulting from climate 
change, will reduce the dune volume and 
associated natural coastal protection. 

 
Examples of potential impacts on coastal 
livelihoods due to climate change include: 
• Industrial: hindered shipping access to ports, 

reduced navigability and increased cost of 
maintenance to infrastructure due to increased 
storminess, leading to loss of jobs in the long 
term. 

• Commercial: reduced fair weather fishing time 
and increased safety risks due to increased 
occurrence, duration and magnitude of sea-
storms, leading to less appealing and adverse 
working conditions. Also increased cost of 
maintenance to equipment (e.g. boats). 
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• Increased saltwater intrusion and raised 
groundwater tables in farming areas directly 
adjacent to estuaries or the shoreline may 
result in lower earning potential. 

• Residential: coastal suburbs may lose 
properties including houses, hotels, 
guesthouses, etc, and their associated 
employment opportunities. 

• Recreational areas: loss of area/space and/or 
appeal (both through erosion) and therefore 
fewer visitors leading to reduced economic 
activity. 

 
Effects on diverse types of coastlines 

 

Hard shores will generally respond to sea level rise as 
follows: the high-water line will move landward 
according to the slope above the present high-water 
line. (This approach is based upon a rudimentary 
upward transferal of the existing profile.) For example, 
if the present slope is 1 in 10, then a rise of 0.2 m or 
0.4 m (average values for 2050 and 2100 from IPCC 
2007) means a landward movement of only 2 m or 4 m 
respectively. In most instances, the landward 
movement of the high-water line will only be in the 
order of a few metres. However, in some unusual 
situations, where the slope above the high-water line is 
very flat, the landward movement could be much 
greater, for example, if the slope is 1 in 100, then a 
rise of 0.2 m or 0.4 m means a landward movement of 
20 m or 40 m respectively. 

The southern African coastline includes many sandy 
areas, which have no or very little hard protection and 
where the wave regime is regarded as high energy. 
This leads to a high potential for erosion of these 
sandy coastlines. The most widely known (and 
applied) formula for estimating recession as a result of 
sea-level rise was proposed by Bruun (1988). The 
main parameters that are taken into account in Bruun’s 
unsophisticated rule are the amount of sea level rise 
and the slope of the nearshore. The implications for 
sandy coastlines of two scenarios of sea level rise of 
20 and 40 cm are investigated using Bruun’s erosion 
rule. Thus, sandy areas along the coastline with a 
steep nearshore slope are predicted to erode between 
about 5 m to 20 m for the given scenarios, while areas 
with relatively mild or flat nearshore slopes are 
predicted to erode between about 20 m to 80 m. 
(Davidson-Arnott 2003, and Stive 2004) present some 
of the few alternative and potentially better (although 
more involved) ways of assessing shoreline response 
to SLR.)  

In some cases, broad dunes and wide beaches could 
mitigate such predicted erosion. In other situations, 
narrower beaches backed by hardened dunes will 
resist erosion, resulting in less erosion than predicted 
by the Bruun rule. In fact, there are many types of 
coastal conditions where application of the Bruun rule 
is inappropriate (Theron 1994; Cooper & Pilkey 2004). 
Hands (1977) found that in areas having broad active 
profiles or low back shore, offshore or longshore 

sediments sinks, as well as in areas where the eroding 
backshore contains a large percentage of material that 
would be unstable as a nearshore deposit, the ratio of 
retreat to submergence would be even larger. Narrow 
active profiles, higher back shore sediment deposits, 
coarse grain sediments and increased supplies of 
sediment from outside the area considered will all tend 
to diminish the ratio of shore retreat to submergence.  

In fact, a rise in eustatic sea level cannot be so simply 
related to local coastal erosion. The retreat of the 
shore owing to a long-term increase in sea level 
depends on sediment movement produced by storm 
waves and on associated processes. Thus, the 
shoreline response is sensitive to sediment supply and 
budgets. The sediment supply and budget of areas 
presently in equilibrium is expected to be relatively 
sensitive to Global Change (climate, anthropogenic, 
etc) without substantial “reserves” and could easily be 
upset by progressive change. 
 
Climate change impacts on the coast are also linked to 
the resilience afforded by certain natural features and 
processes, e.g. dunes, abundant/depleted sediment 
sources, etc. Encroachment by historical development 
has threatened and destroyed many dunes along our 
coastline. This is problematic as the dunes form an 
important coastal defence system.  
 
Complexities, thresholds, discontinuities and non-

linearities 
 
One spatial threshold is determined by the 
width/elevation between present development and the 
high-water line; i.e. space for sea-level transgression 
up the coastal slope is fixed and has already run out in 
specific instances. Similarly, at present the surplus (or 
balance) in the sediment budget in certain coastal cells 
will probably be upset by a rise in sea-level 
exacerbated by an increase in wave energy, resulting 
in coastal erosion. However, there is also a spatial 
tele-connection between the marine/coastal system 
and the river catchments, where in some catchments 
more extreme weather events could lead to increased 
soil erosion (Schulze 2005) and sediment yield to the 
coast. 
 
An example of the repercussions of cascading effects 
is that, while there may be a very slow increase in 
global sea levels, coastal areas presently protected by 
low-lying reefs may become more exposed much 
sooner due to the combined effects of increased water 
depth (SLR) and more extreme wave-climate. 
 
While shoreline response to wave conditions usually 
occurs on time scales of hours to days, shoreline 
evolution due to SLR is expected to be significant on 
decadal time scales. Such multi-scale issues thus add 
to the complexities of coastal processes and effects. 
 
Sediment transport and thus erosion is exponentially 
related to wave height, which in itself is not linearly 
related to wind conditions (as affected by CC, Section 
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2). Some impacts of slightly increased winds (10 % 
stronger) resulting in significant sediment transport 
increases (Section 2), can be readily foreseen, 
especially for extreme events. This will also be 
particularly noticeable where there are disruptions in 
alongshore transport or discontinuities. For example, 
harbour entrance channels which trap alongshore 
transport are likely to trap much more sediment in 
future, requiring increased dredging (potentially in the 
order of 50% to 100% more – Section 2). On the 
downdrift side of such harbours, the potential transport 
is also likely to be increased significantly, requiring 
increased sand bypassing and/or beach nourishment 
to maintain the downdrift beaches. 
 
Another example relates to short-term shoreline 
erosion resulting from sea storms. It has been shown 
(Section 2) that a possible 10% increase in storm wind 
velocity could result in a significant increase in wave 
height (and to a lesser extent in wave period), leading 
to a potential increase in cross-shore transport 
perhaps in the order of 50%. Assuming then also a 
50% increase in erosional volume, this can be very 
roughly translated to a potential 50% increase in 
horizontal shoreline erosion distance (assuming a 
simplified profile response and, for example, that the 
effect of the increase in active profile depth will be 
approximately cancelled out by the effect of the 
increase in storm duration). Thus, the shoreline 
variability and maximum excursion distance are likely 
to increase significantly (or, in other words, the profile 
envelope will expand). An implication of this scenario 
is that, besides potential long-term erosional trends 
from a Bruun-like response to sea level rise, new 
coastal development setback lines will in addition also 
have to allow for significantly greater short-term 
shoreline erosion (perhaps in the order of 50% more). 
This factor alone (i.e. expanded profile envelope) 
suggests that an additional setback distance typically 
in the order of 15 m to 30 m would potentially be 
required for exposed beach areas along the southern 
African coastline (where typical erosion setbacks 
range from about 30 m to 60 m), to account for the 
effects of an increase in wave attack due to slightly 
stronger storm winds. 
 
4. IDENTIFICATION OF SOME OF SOUTHERN 

AFRICA’S MOST VULNERABLE AREAS AND 
LOCAL ISSUES 

 
The most vulnerable areas along the coast will almost 
invariably be located where problems are already 
being experienced at present. In most cases these are 
the areas where development has encroached too 
close to the high-water line, or at a too low elevation 
above mean sea level. 
 

Namibia 
 
In terms of coastal real estate, the Namibian coast is 
largely undeveloped, and there are only four significant 
towns on the coast: Lüderitz, Walvis Bay, 

Swakopmund and Henties Bay. However, the 
coastline is an important tourism and recreation asset, 
and coastal diamond mining areas stretch along 
significant portions of the coast. The main harbour and 
only deepwater port, located at Walvis Bay, is an 
important national economic hub and regional 
import/export freight access point for landlocked 
countries such as Botswana. 
 
During seasonal storms, waves wash over the major 
peninsular sand spit protecting the Port of Walvis Bay. 
In neighboring Angola, the Mussulo Peninsula 
apparently breached before 1768, while Ilha de 
Luanda has been breached twice in recorded history. 
At Baia dos Tigres in southern Angola, natural 
breaching of a 41 km-long sand spit occurred, leaving 
an 11 km-wide gap in the spit, thereby forming an 
island, destroying safe anchorage and preventing easy 
access to the spit (Schoonees et al 1998). Breaching 
of the Walvis Peninsula by the sea poses a real threat 
because the peninsula is so low-lying. Both SLR and 
increased sea storminess could greatly increase this 
risk. A large breach of the Walvis peninsula would 
have similar disastrous consequences as occurred at 
Baia dos Tigres. Thus, both the port and the low 
lying parts of the town of Walvis Bay are 
vulnerable, particularly to the joint effects of SLR and 
increased sea storminess. 
 
Increased storminess due to CC may well impact costs 
and increase the difficulty of coastal diamond mining in 
certain areas (e.g. requiring increased beach-wall 
maintenance and protection, etc.). However, it appears 
that apart from some important potential impacts in the 
Walvis Bay area, the Namibian coastline is relatively 
invulnerable to CC impacts (compared to many other 
countries). 
 

South Africa 
 
Fortunately, due to the relief of much of the SA coast 
and the location of existing developments, relatively 
few developed areas are sensitive to flooding and 
inundation resulting from projected SLR (to 2100).  
 
The most vulnerable SA coastal areas (resulting from 
predicted climate change impacts) that have been 
identified are: 

• Northern False Bay  
• Table Bay  
• Saldanha Bay Area 
• The south Cape coast, Mossel Bay to Nature's 

Valley  
• Port Elizabeth 
• Developed areas of the KwaZulu-Natal Coast 

 
According to Tol (2004), by 2100 South Africa would 
lose some 11% of its wetlands due to full coastal 
protection measures and structures erected to mitigate 
SLR impacts, making SA potentially the 5th most 
vulnerable country worldwide in terms of wetland 
losses only, resulting from SLR (in 2100). 
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Mozambique 

 
Mozambique is a maritime country: most of its citizens 
live in small, traditional fishing villages, tucked away in 
dune forests along its vast 2 500 km long coastline; 
while fishing is a major sector of the workforce and fish 
an important source of protein (Slater 1997). Tourists 
are flocking to the tropical beaches and coral reefs of 
especially the Inhambane province, while many lodges 
dot the southern coastline. Many low-lying hotels and 
houses are found on the Bazaruto Archipelago, and 
islands north of Pemba and Qurimbas Archipelago. 
Main harbours are located at Maputo (a major source 
of income for the government) and Beira. In the 
Mozambique Channel an additional factor that can be 
very significant is the occurrence of cyclones. 
Cyclones rarely approach close to the coast, but 
strong cyclones, even while far away, generate large 
waves that could potentially impact the local coastline.  
 
Given the nature of the Mozambique coast and 
economic dependency thereon, it is not surprising that 
the IPCC (2001) found it likely that SLR will affect 
coastal settlements, flooding and coastal erosion, 
especially along the southeastern coast of Africa. The 
IPCC (2001) also noted that adaptive capacity in the 
region is low, that the largest cities are along the 
coast, and that the region is vulnerable to extreme 
events, coastal erosion and SLR. A developing country 
such as Mozambique can certainly not afford 
traditional engineering solutions to wide-scale coastal 
erosion or flooding. 
 
Tol (2004) predicts that by 2100 Mozambique will have 
lost 1.3 % of its “dryland” area due to SLR, making it 
potentially the generally 5th most vulnerable country 
worldwide to SLR (in 2100). 
 
The coral reef areas of Mozambique are very 
vulnerable to CC impacts, through coral bleaching 
(e.g. Obura 2005), in terms of direct effect on the biota 
as well as on the important linked socio-economic 
sectors (e.g. tourism). In addition, the coral reefs serve 
other important functions, such as sheltering the coast 
from wave action and by providing beach building 
materials. Thus, loss of coral due to CC will also 
negatively impact these functions with detrimental 
impacts on the coast (e.g. erosion). 
 
Fringing reefs are found along some areas in 
Mozambique. These reefs comprise tough, algal-clad 
intertidal bars composed largely of coral rubble, and 
provide protection from wave attack to the inshore 
areas and beach sands that are susceptible to erosion 
(Arthurton 2003). If the coast is subjected to the 
predicted sea-level rise, the protective role of the reef 
bars will be diminished if their upward growth fails to 
keep pace. Similarly, Mozambique has numerous 
coastal lagoons/lakes separated from the sea only by 
a frontal dune. The joint effects of SLR and increased 
sea storminess could easily breach some of these 

dune barriers. Besides the resulting loss of some of 
these ecologically (and socially) important lagoon/lake 
systems, the presently sheltered inner shores would 
then be directly exposed to much more severe 
conditions (waves, winds & currents) leading to severe 
impacts such as shoreline erosion, etc. 
 
In all, Maputo is likely to be one of the most 
problematic areas in Mozambique from a climate 
change perspective and appropriate local planning and 
adaptation measures should be instigated in the short-
term. 
 
5 POSSIBLE RESPONSES AND GUIDELINES 

TO MITIGATE CC IMPACTS 
 
New coastal developments, structures or protection 
can be designed specifically to compensate for the 
effects of climate change. This, however, requires a 
good understanding of the short-term coastal 
processes, as well as coastal evolution on the longer 
time and larger space scales. 
 
All forms of coastal land use should allow flexibility for 
adjustment to possible future sea levels. Stive et al 
(1991), argue that shore nourishment is an effective 
mechanism to prevent shore retreat owing to long-term 
sea level rise because of the uncertainties and the 
flexibility that shore nourishment provides. Provided 
that sufficient sources of suitable sand are available, 
this is a good “soft” adaptive strategy, often better than 
“hard” (e.g. structural) approaches in the long term.  
However, sand nourishment is expensive (like “hard” 
solutions) and the need for eventual re-nourishment, 
although foreseen and planned for, is sometimes 
publicly perceived as “failure”. In southern Africa, it 
would not be practical or economical just to heighten 
much of the existing man-made coastal protection; 
existing infrastructure will eventually have to be 
replaced at great expense.  
 
In general, regarding developed areas and existing 
infrastructure, southern African states have very little 
adaptive capacity, other than relatively expensive 
upgrades or replacements. Where this is deemed 
acceptable and space permits, the best policy in the 
long term is probably not to combat coastal erosion 
and allow the natural progression of coastal 
processes. In any case, our ability to halt the coastal 
impacts of climate change on a large scale is virtually 
non-existent and may well lead to other detrimental 
impacts. 
 
Structural interventions should be complemented by 
environmental management strategies, including 
managed dunes. In some instances, it is only the 
maintenance/management of the primary dune which 
provides ongoing protection to coastal infrastructure 
against wave attack and erosion. 
 
Another indirect but important response to mitigate 
potential CC impacts that should be implemented 
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urgently is not to worsen CC impacts by unsustainable 
practices such as anthropogenic impacts in river 
catchments that reduce the sediment supply to the 
coast. A crucial factor that co-determines how severe 
CC will impact the coast is the amount of available 
sediment. In water-scarce developing countries such 
as Namibia and SA this requires particularly frugal and 
wise management of the water resources. 
 
Tol (2004), predicts that adaptation would reduce 
impacts by a factor of 10 to 100 (globally), and that 
adaptation would come at a minor cost compared to 
the damage avoided. This strongly emphasizes the 
need for setting and implementing adaptation 
measures sooner rather than later. 
 
Each vulnerable stretch of coastline should be studied 
in terms of aspects such as wave energy, sand 
budgets, future sea levels and potential storm erosion 
setback lines, including accounting for at least a 
Bruun-type erosional response, as well as expanded 
profile envelopes. At the very least, coastal zone 
managers, coastal engineers and planners need to 
remain informed on the probable future impacts of 
global weather changes (Theron 1994). 
 
It is recommended that when provincial state of coasts 
reports are initiated, strategic environmental 
assessments, strategic development planning is 
conducted, etc. that coastal development set-back 
lines are accurately determined for the particular 
stretch of coastline under study. However, it is 
important to point out that new development setback 
lines should start to take account of various factors, 
which include: 

• the probable increase in duration and 
magnitude of sea storms due to climate 
change (or any other such impacts, in addition 
to just sea-level rise); 

• the probable increase in maximum natural 
short-term shoreline variability (due to 
predicted higher storm waves resulting from 
climate change); 

• the probable increase in progressive shoreline 
retreat rates (due to climate change, e.g. 
resulting in a greater gradient in alongshore 
transport) where this phenomenon is 
occurring. 

 
The US Geological Survey (USGS) has devised a 
physically-based coastal vulnerability index (CVI) 
based on 6 physical variables to assess the 
vulnerability of the coastline to climate change (Theiler 
& Hammar-Klose 2000). Boruff et al (2005) developed 
a coastal social vulnerability index (CoSVI) to 
determine the socio-economic vulnerability of coastal 
areas to SLR. These indexes can also be combined to 
give an overall vulnerability index, which appears to be 
a good approach. 
 
In southern Africa, we need to develop decision-
support tools such as maps, a geographic information 

system (GIS) database, and reports for use by the 
coastal management community. This will lead to a 
coastal vulnerability classification scheme, whereby 
realistic scenarios of future coastal conditions can be 
used to support adaptive management and the 
development of coastal policy. Sufficient physical 
environmental data should be available for most 
locations along the southern African coast to draw up 
a point rating system whereby the vulnerability of sites 
can be evaluated objectively on a relative scale in 
terms of the main potential impacts.  
 
Our best “adaptive capacity” appears to lie in planning 
and research-related initiatives, such as: 

• Instigate and maintain a measurement 
program (high resolution aerial 
photographic/satellite mapping, hydraulic 
conditions, coastal erosion/evolution (including 
surveys if possible), sediment 
transports/budgets). The purpose of the 
measurements is also to confirm predicted 
SLR & increased storminess, and to quantify 
the many impacts. 

• Identify important thresholds of dangerous 
change and include sensitivity analyses. 

• Development of a vulnerability atlas/GIS in 
terms of potential impacts listed, and identify 
hotspots/ hazardous areas of change. 

• Determine coastal erosion and development 
setback lines (allowing for at least a Bruun-
type erosional response, as well as expanded 
profile envelopes). 

• Draw up Shoreline Management Plans: (Do 
nothing; Hold the existing line; Advance the 
existing line; Retreat). 
In terms of developments and infrastructure, 
this will provide the strategic framework in 
which all coastal structures and sea defences 
are evaluated. This plan should provide the 
layperson and the authorities with a clear 
framework to work within. Specialist studies 
and monitoring of the shoreline is an essential 
ongoing element of the SMP (Midgley et al 
2005). 

• Design coastal protection /developments 
/structures specifically to compensate for 
effects of climate change. 

  
6. FINAL CONCLUSIONS 

 
Appropriate coastal development needs to take into 
account proper planning, knowledge of coastal 
processes including CC effects and impacts, and 
environmental assessments. This is particularly 
relevant considering that about 90 % of the world’s 
coastline is already affected by erosion, which is likely 
to be exacerbated significantly by SLR and increased 
sea storminess. Coastal real estate, tourism and 
recreation along our coasts have enormous socio-
economic value, which assets should be protected and 
wisely governed. If the current fast-tracked 
development of the coast is to occur in a communally 
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beneficial and sustainable manner, it is vital that 
planning takes place based on scientific knowledge of 
present and expected future conditions.  
 
Locally applicable methods have to be developed 
urgently to quantify realistically the impacts along the 
southern African coast. To mitigate the detrimental 
impacts of climate change, we have to understand the 
adaptation options available to southern African 
society, which is considerably different from 1st world 
approaches, and still largely undefined. 
 
Quantitative information remains largely unavailable 
and the resulting somewhat speculative predictions 
presented here are uncertain (thus, also the need for 
much expanded measurements & monitoring). Some 
important potential consequences of global warming 
on the southern African coast are highlighted, and 
there is a clear and urgent need for improved 
understanding of, and especially predictive capabilities 
regarding these issues. It is recommended that more 
focus be given to the southern African region as 
present efforts appear to be almost exclusively aimed 
at other parts of the globe. 
 
This will eventually enable us to achieve wider goals 
such as: to understand, identify thresholds and risks 
and predict system state transitions; and to inform, aid 
and promote wise policy, management and 
governance of the southern African coastal zone from 
a holistic and integrative perspective. 
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