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 I was introduced to the field of applied geomorphology
largely by accident, in the late 1970s as a post-graduate
student while working part-time at the Johannesburg
Geotechnical Data Bank; a position I acquired due to a
background in geology.

 I soon realized that the problems I was tasked with solving
had considerably more to do with process geomorphology
than with geology; despite my formal job description.

 The challenge was (and in many senses still is), that Joe Public
has difficulty with putting ‘Geomorphology’ in a neat box, so
it is easier to ascribe the problem to engineering or geology
or some other familiar field.

 Most of the public, if they remember the term
‘geomorphology,’ recall it as a part of the Physical
Geography school curriculum dealing with landscape
descriptions of one form or another. No applications, solutions
to problems and very little consideration of landforming
processes.



 This presentation will consider a few problems from different
geomorphic environments in southern Africa, and then focus on
one of the major problems facing the region (and, indeed many
African countries), namely that of rehabilitating degraded
land.

 The intent of this presentation is to illustrate something of the
potential scope for the application of geomorphic knowledge in
southern Africa, and especially to show that application must be
founded in a thorough understanding of process if we are to
meet the present and future challenges facing our discipline,
and the southern African region, in the future.

 Lastly, it is important that applied science does not only focus on
the questions of: What went wrong and why?, but as
importantly: What could go wrong & how can we prevent it?
This latter issue is one that is still often not adequately
considered at the project planning stage, especially in
developing regions.

 Regrettably also, all too frequently the issue of greed above
need is still considered a gable worth taking against the
expiration of liability clauses for developers.



 The key to understanding geomorphic processes is to understand the

fundamental components controlling any given environment.

 Fundamentally, these revolve around energy:

 i) the inputs, sinks and conversions occurring,

 ii) what interventions or changes have taken place, and

 Iii) what changes are likely to occur in the future?

 Although this might appear as a simplistic approach, the answers are

often complex and involved due to interactions among the variables

further complicated by feedback mechanisms.

 Essentially, the components are solar energy (manifest as atmospheric

systems driving wind and or rain and other forms of precipitation);

gravitational influences; the transporting systems of water wind and

ice, and the complexities of human behaviour.

 This then, is equally applicable when considering the potential results

of climate change scenarios.



 The eThekwini (greater

Durban area) coastline

lost an estimated 3,5

million cubic meters of

sand due to erosion,

destabilizing the local

equilibrium of this

coastline (Smith et al.,

2007).

The after-effects of the March 2007 storm in KwaZulu-Natal:



Shoreline shifting landward under storm surge conditions 

similar to what happened at uMdloti and Balito on the 

east coast of South Africa.



Structural damage

to buildings due to

the 2007 storm

surge along the

coast of KwaZulu-

Natal and resulting

shoreline retreat:



Slope instability – natural?
(wetland on a mass movement complex, Mpako River 
Eastern Cape coast, South Africa.)



Wetland conservation & rehabilitation:

Fill material illegally dumped into a wetland at Bruntville, 

Mooi River, KwaZulu-Natal midlands, South Africa



Major water pipeline being installed through a wetland.



The same area immediately after 

rehabilitation, during the planting 

phase.

Rewetting occurring

Gleyed soil backfilled



A rehabilitated wetland near the town of Elliot, 

Easteern Cape province, South Africa



THE USE OF STONE PACKING AS A CHEAP

ALTERNATIVE TO OTHER FORMS OF BANK

STABILIZATION OF CHANNEL FORMS:



A stabilized stream channel

(with severely altered hydraulic characteristics)



Erosion in Southern Africa:
Best current estimate – water erosion is responsible for

some 650 million tones of soil loss per annum from the

region as a whole.

This is equivalent to some 4.5 t ha-1yr-1 across the whole

region, BUT varies from some 2 t ha-1yr-1 to more than

150 t ha-1yr-1 .

Erosion tends to increase with mean annual rainfall, and

is greatest in summer rainfall areas; certainly with

increasing rainfall intensity. Erosion also increases with

drought due to trampling and high intensity rainfall.

These factors suggest that under current climate change

scenarios, erosion will increase despite roughly the same

precipitation – higher magnitude, lower frequency events

are forecast.



Controlling African Erosion Rates:

 Vegetation cover (or the lack thereof) is 

usually the principle determinant of specific

erosion rates

 Poor cover (<30%) : > 100 t ha-1yr-1

 Intermediate (30-60%) : high & influence of other 

factors

 Good cover (60-100%) : < 5 t ha-1yr-1



The complexities of rehabilitation on degraded land:



Soils
Key difference between European/North American soil 
and southern African soil formation processes:

 The bulk of northern  hemisphere country’s 
soil was stripped of its original soils by the 
Pleistocene ice-sheets 

 Soil formation started on fresh rock surfaces 
or on the deposits of fluvio-glacial transport 
about 10,000 years ago

 Soils in southern Africa have been formed 
on land surfaces that have been continually 
exposed to weathering, probably since the 
late Tertiary age (65 million to 1.806 
million years ago)

 Ancient and deeply weathered profiles are 
consequently a widely distributed feature of 
the southern African landscape.

 Southern African soils are derived from 
primarily Karoo-Group parent material and to 
a lesser extent basement rock. (No meaningful 
rock formation in Quaternary).

Source:davidmhart.com



Soils

 Southern African soils did not experience
formalized/intensive grazing or cultivation
until European settlement <400 years ago

 Inappropriate land management practices
and cloven hoof animals have had a
significant impact on the soils since that time

 Most of our soils are heavily leached, skeletal
soils.

 If the soils are derived from the Red/Purple
mudstones of the Karoo epoch, they are
frequently sodic & dispersive (cf. Australia,
India & to a lesser extent South America).

 Valley soils are often on deep colluvial
material, or on deeply weathered soils,
whereas valley-side soils are much thinner.



Soils
To generalise then, 
southern African soils 
are often :

 Low in nutrients

 Poorly structured

 Have low organic 
carbon levels

 Have high to 
extreme erosion   
risk, depending on 
the vegetation 
cover



Desiccation enhances the 

vulnerability of many of the soils 

to erosion through shrinkage 

cracks, while also increasing the 

likelihood of loss of structure 

through trampling.





A gully system associated with road runoff in the 

Singceneni district, Eswatini



Problems: ...

(not least of which are poorly maintained and/or 

abandoned contour berms)



Successful rehabilitation through stone packs reinforced with Vetiver rows



Dispersive soils

 Excess of Na ions in 

relation to the other 

cations in the soil

 Express as 

Exchangeable Sodium 

Percentage (ESP)

 > 6% ESP classified as 

a sodic soil

 and/or SAR 14





Erosion in dispersive soils:

Photos kindly made available by Michael Francombe



Dispersive soils

Turbid runoff despite 100% grass 

cover

Self draining earth dam

Booked your flight yet?



A low gabion wall, keyed in to protect the side 

walls & base, BUT not designed for major trapping 

of silt is more cost effective & less problematic than 

a full gabion wall.

The potential alternative:







Much has been done, yet the problem 

persists, partly because:

 Efforts are not always as co-ordinated as 

they could be (knowledge is not always 

centralized, nor available)

 Dispersivity is generally not recognised, 

nor addressed

 The socio-political history is not given due 

regard, leading to a lack of  buy-in by 

communities

 Cost, in all its various facets



The problem posed by 

dispersion:

 As dispersion is dependent on water
moving through the soil profile along
percolines, most conventional soil
conservation techniques are contra-
indicated as they rely on reducing runoff
by increasing infiltration.

 These include inter alia the use of gabions,
diversion drains and contour
embankments.





infiltration

Percolation to nearest base level,
taking colloidal mix of clay and fine
silt out & leaving a macro-pore
which develops into a pipe







The same type of problem develops with 

a gabion in a gully:

Correctly keyed-in 
gabion

Schematic view of gully in dispersive soil

Water percolating past gabion under 
hydraulic pressure, taking colloidal 
suspension with it, causing piping





Potential solutions ……



For Gullies specifically:

 Check for Dispersivity

 Plan on the basis of  cost effectiveness

 “Green” solutions – green engineering

 Get community involvement…

 MUST be based on integrated 

catchment management ….





The use of vetiver grass (Chrysopogon Zizanoides sp.):



A gully system at Ngcanyini, Eswatini 

(previously Swaziland).



The same system, after rehabilitation, 

principally with vetiver, during early 2020, 

(photo taken in October 2020).





A low gabion wall, keyed in to protect the side 
walls & base, BUT not designed for major 
trapping of silt ..



 In addition to the principles of 
conservation agriculture,

 NOT allowing ponding or 
preferential infiltration on 
dispersive soil

 Keeping as high a ground cover as 
possible, and

 Keep the soil moisture content as 
uniform (and relatively low) as 
possible (e.g. by using vegetation as 
‘pumps’)
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