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In southern African countries soil erosion and the related problem s
like water quality issues or decreasing soil p roductivity are the main top 
ics affecting the inha bitants of rural and urba n areas . Therefore the
probl ems related to soil eros ion were more and more focused in the re
cent pas t. This can be also docum ent ed by a increasing number of ero 
sion studies and the development and app lication of erosio n mod els.
Nevertheless gully eros ion phenomena have been com pletely neglected
in erosio n modelling. Thus because the development of erosio n models
was focused on regions with intense agriculture of developed count ries
on the one hand and because of the spatial and temporal heterogeneity
of gully eros ion processes on the other. Thi s study regards the identi fica-
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tion of gully erosio n forms and processes in the Mbuluzi-river catchment
(Kingdom of Swaziland ) using the Erosion Response Units concept
(ERU). Th e following mod elling of the gully erosion was done succes
sively with a physically based dynam ic gully model. Th e input data were
obtained by remote sensing techni ques (API meth od ) and GIS -analyses.
The example from Southern Africa show that the meth ods applied are
able to identify areas affecte d by gully erosio n. Fu rth ermore it is possible
to estimate the amount of soil loss du e to gully eros ion, which is not
taken into consideration with the USLE-type model s.

KEY WORDS: G ully eros ion, Erosion modelling, Erosion Response
Units, Swaziland .

INTRODUCTION

Erosion phenomena caused by population growth and
the subsequ ent overstocking of grazing land as well as the
clearance of natural bush vegetation are quit e severe
problems in the «Middleveld» of Swaziland. Especially
the eros ion of unconsolidated or weakly cohesive sub 
strates has resulted in the formation of extensive gully sys
tems. In the central «Middleveld» the density of gullies
can reach 20 gullies within an area of 5.0 krn' . Some of
them cover areas of up to 5 ha and the y are often more
than 25 m deep (WMS Associates 1988). Based on the
given circumstances only little is known about the dynam
ics of gully development in this area.

The study presented herein deals with the identifica
tion and modelling of gully erosion features and processes
in the Mbuluzi river catchment (Kingdom of Swaziland )
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and is part of the interdisciplinary EU-funded project
Integrated Water Resources Management System (IWRMS)
for semi-arid catchments of Southern Africa. This paper
follow the methodological part regarding the identifica
tion of erosion forms and processes based on the Erosion
Response Units (ERU) concept published in the last issue
of this journal (Marker & alii, 2001a).

Erosion processes and forms caused by water are
mainly influenced and interlinked by the hydrological dy
namics of a drainage basin. An innovative approach to

characterize erosion processes caused by water and their
integrated dynamics was introduced by Marker & alii
(1999, 2001a) and Flugel & alii (1999) with the concept
of Erosion Response Units (ERU).

In this study the ERUs are used on one hand to identi
fy areas subject to gully erosion and as modelling entities
for gully erosion simulations on the other. Remote sensing
techniques were applied to get information about the dis
tribution of the physiographic and anthropogenic catch 
ment characteristics (land use, settlements, digital eleva
tion models, etc.). Furthermore this information was used
for the parameterisation of the ph ysically based gully ero 
sion models which have been developed for similar envi-

ronmental conditions (see Sidorchuk, 1998, 1999). These
models are accounting for the two development stages of
a gully. During the period of gully initiation the gully
channel formation, following the drainage network, is
very intensive and consequently the morphological char
acteristics are far from stable. This stage comprises only
about 5 % of the entire gully lifetime (Zorina, 1979), but
already more than 90 % of gully length, 60 % of its area
and 35 % of the gully's volume are formed in this period.
In the remaining 90 % of the gully's lifetime the morpho
logic conditions are nearly stable. In this study the dy
namic gully erosion model was applied to simulate the
first stage of gully development. Model validation and
verification were carried out using detailed information
on gully system time series and by ground checks.

LOCATION AND PHYSIOGRAPHY OF THE
STUDY CATCHMENTS

The study catchments are drained by the upper Mbu
luzane River (contributing area : 221 km ') and the Mhlam
banyoni River (contributing area: 42 km') (fig. 1). Both
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FIG. 1 - Location of the Mbuluzane river study catchment.
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rivers are tributaries of the Mbuluzi River and they fall in
to the physiographic region of the upper Middleveld with
altitude ranges from 610 to 760 meters a.s.l. and median
slopes of 12 percent (Mushala & alii, 1997). The geology
of the Middleveld consists in granite and granitic gneisses
with outcrops of dolerite and gabbro. The region is char
acteris ed by deep, acid and well drained red and yellow
ferrisolic and ferrallitic soils, often with stone lines (Mur
doch, 1970). The mean annual rainfall ranges from 700 to
1200mm , with the main rainfall in summer (October to
March) primarily as thunderstorms. Kiggundu (1986) cal
culated a rainfall erosivity (EI30 in kJ rnm/m hr) of 450
(after Wischmeier & Smith 1978).

Within the Mhlambanyoni test catchment the Mboth
oma area, ca.15 km north of Manzini (26°20'S; 31°23'E)
was chosen as a characteristic test site for gully erosion
studies. It is a densely populated area and overgrazing is
widespread. The dominant land use on this subsistence
small-scale farming land is pasture (fig. 2). The lithology
is composed of a thick granodioritic saprolite layer and a
system of amphibolite and serpentite dykes (Hunter &
alii, 1984; Mushala & alii, 1994; Scholten & alii, 1995) .

MATERIALS AND METHODS

To identify areas affected by gully erosion the concept
of Erosion Response Units was used (see Marker & alii,
1999, 2001a; Fliigel & alii , 1999). The ERU delineation in

the Mbuluzi river catchment was carried out with the
analyses of stereo-aerial-photographs, orthophotos and
GIS. For the classification of the erosion features and the
subsequent delineation of erosion response units, the ero
sion type, the degree and extent of erosion, as well as the
density of the erosion features were mapped based on
1996 aerial photographs at 1:30.000 scale. Therefore the
adapted method of Van Zuidam (1985) was applied (see
Marker & alii, 2001a , b).

The ERUs deliver information about the spatial distri
bution and intensities of erosion features and processes
active within the study area.

Based on this data a high density of gullies have been
identified in the Mhlambanyoni and upper Mbuluzane
River basin. Within the Mhlambanyoni catchment the
Mbothoma gullies were chosen for a more detailed re
search. The evolution of the gully system subsequently
has been modelled using a physically based gully erosion
model developed for similar environmental conditions
(Sidorchuk, 1998, 1999).

Dyn amic gully model

The model used in this study calculates the first dy
namic development stage of the gully flowline network.

The rate of gully erosion is controlled by water flow
parameters (velocity, depth and turbulence) and soil pa
rameters such as texture, soil cohesion, shear stress, Man
ning roughness and vegetation cover. These characteris-

FIG. 2 - Dynamic ally developing
gully in th e Mb oth orna study area

(Mbo tho ma new gully),
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tics are combined in equations of mass conservation and
deformation , which can be written in the form

The first term in the left part of equation of mass con
servation (1) defines the sediment budget in the channel
reach, the second term is the sediment storage in the flow.
The right part of (1) defines the sediment flux: the first
term describes the lateral flux, the second one is upward
flux, the third one the sediment flux from the banks , and
the fourth one the downward flux. The equation of defor
mation (2) defines the change of gully bottom elevation
according to the sediment budget. The sediment storage
in the flow is usually very small and can be neglected. In
this case the equation (1) is a first order ordinary differen-

H ere Qs= Q C sediment discharge (m'z's),
Q =water disch arge (rn'zs);
X =lon gitudinal coordinate (m);
t =time (s);
C = mean volumetric sediment concentration;
Co=volumetric sediment concentration in the ne ar bed layer;
A = - flow cross-section area (m');
C\\. =sediment conc entration of the lateral input;
g\\, =spec ific later al disch arge;
Mo = upw ard sediment flux (rn/ s):
M, = sediment flux from the channel bank s (rn/s) :
Z = gully bott om elevations (m);
W = flow width (rn);
D = flow depth (m):
Vr = sediment particl es fallvelocity in the turbulent flow (rn/ s).

o Q, 0 AC C M W M D- - + - - = ll'qll' + 0 + h - COVjWo X 0 t

o Z
( 1- E ) W - - =CVjW - MoW (2)

o t

(1)

tial equation, and equation (2) is a first order partial diffe
rential equation with variable coefficients. The solution of
these equations depends on the form of the terms, which
describe sediment fluxes. In this study the terms and solu
tions described by Sidorchuk (1999) were used.

Model adaptation to the Mbotho ma situation

Generally the settings of the dynamic gully model
were taken from Sidorchuk (1999). This is the case for the
description of the lateral and upward sediment fluxes ,
sedimentation and bank erosion. The processes of gully
sidewall transformation were much more complex due to
the combinations of weathering, mass movement and rill
erosion. Therefore the inclinations of the stable gully side
walls (angle of repose) were estimated empirically from
measurements of slopes of the old stable Mbothoma gully
(see fig. 3). The processes of gully incision can be de
scribed with equation (3) that calculate the bed elevations
Z. It takes the form of a transport equation taking into ac
count erosion and deposition processes

o Z o Z
- - a - - \/rC = O. (3)ot ox

H ere a = kgpq, (k = erosion coefficient, g = accelera
tion due to gravity, p = water density and q = specific dis
charge). Using this equation the on-site topography of the
gully (elevation Z) can be recalculate during the model
ling process because it takes into account the feedback
phenomenon between slope transformation and change of
channel flow characteristics. Equation (3) can be solved
numerically, for example with the explicit predictor-cor
rector scheme of Lax-Wendroff (Sidorchuk, 1999).
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Input data for dynamic gully model

The input information to run the dynamic gully model
consist of geomorphological and geological parameters,
vegetation cover information and hydrological informa
tion subsequently described in detail.

Topography is characterized by elevations and dis
tances from the gully mouth in n points of the longitudi
nal profile of each flowline on initial slope (including ex
isting gullies). The water discharge change in time (hy
drograph) was calculated for all these points with a hy
drological model (see below). In the model multilayer
soil properties are used comprising input information for
each layer about the elevations of the base in the same n
points; soil density; cohesion; angle of internal friction;
diameter of stable aggregates; water content and content
of thin roots.

direction was provided to allow the estimation of the in
fluence of out-of-scale features such as small roads or
ploughing up. The catchment area of each point was cal
culated as the sum of pixel areas following the gradient
or flowline linked to this point upwards. For the Mboth
oma test gully basins the following stratigraphic and mor
phometric features were delineated for each flowline
from the DEMs:
- subcatchment area;
- sub catchment length;
- profile of the initial surface of the basin (distance and

altitude) along the flowline;
- contributing drainage areas for all points along the

flowline (distance and area);
- initial profile of the surface (distance and altitude) of

each lithological layer along the flowline.

DEM analysis

To obtain the morphological input data for the gully
model a photogrammetric stereoanalyser (Planicomp
P33, Carl Zeiss lena) was utilised to get digital elevation
data from the 1960s, 1970s and 1990s aerial photograph
series with a resolution of 1 m by 1 m. The georeferenc
ing was done with 1:5.000 scale orthophoto maps. The
DEMs were used for flowline network evaluation. A pro
cedure was drawn up for the filling of closed depressions
using a maximum gradient method with eight possible
flow directions. The possibility of setting the preferable

Fig. 4 shows the DEM of the Mbothoma gully system
(initial surface) and the calculated drainage lines. The de
lineation of the lithological layers was done by the trian 
gulation of field-measured sample spots, taking into ac
count ground truth information. The lithologic informa
tion for each layer (tab. 1) comprise soil texture, bulk
density and saturated hydraulic conductivity values ob 
tained by ring infiltrometer analyses as well as literature
data concerning cohesion (Hunting Technical Services,
1983; Murdoch, 1970; Mushala & alii, 1994; Scholten &
alii, 1995; WMS Associates, 1988).
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FIG. 4 - The DEM of the Mbotho
rna gully system (initial surface of
the year 1960) and the calculated

drainage lines.
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TABLE 1 - Soil parameters of the lithological layers of the Mbothoma
gull y catchment

Sand ( % ) 30 40 50
Silt ( %) 20 30 40
Clay ( % ) 50 30 10
Bulk density (g/crri') 1.1 - 1.5 1.1 - 1.5 1.2
Cohesion (kP a) 4.5 - 9.0 4.5 - 9.0 3.14
Saturated hydraulic
conductivity (em/day) 0.5 -1.8 0.5-1.0 1.0-4.4

As the geological structure of the Mbothoma gully
catchment is relatively uniform (saprolite), soil texture
do not change along the flowlines, but with the depth of
incision (small horizontal variance) . Consequently the t;
value were changed along the flowlines during the calcu
lations, mainly at the points of texture change.

Topsoil
(-0.2 m deep )

Subs oil (up to

1.5 m deep)
Saprolite (more
than 60 m de ep)

performed by modelling the conjoint evolution of the lon 
gitudinal profiles of the Mhlambanyoni river channel and
the Mbothoma gully for the period 1960-1990. The calcu
lated and observed profiles fit best with k = 0.0002 and
Ucr = 0.72 m/s for amphibolites and with k = 0.006 for
saprolites. The value of the near bed critical velocity Ucr =
0.18 rn/s was estimated for the saprolites within the
Mbothoma-old gully with the stable gully model (Sidor 
chuk & alii, 2001 in press). This value was used for
Mbothoma-new gully (which cut the same type of soil) in
the dynamic gully modelling. The critical velocity for the
topsoil layer with vegetation roots in Mbothoma gully
new was estimated as 1.3 m/ s. The inclinations of the
stable gully side walls (angle of repose) were estimated
empirically from measurements of slopes of the old stable
Mbothoma gully (see fig. 3). At the lower 200 m of this
stable gully the mean inclination of the walls is </J = 49°,2
(with standard deviation 7,4 for 35 measurements ).

RunoffEstimation

The dynamic model uses daily values of discharges,
which form the gully cut. Therefore runoff was simulated
for a period of 45 years with the «agrohydrological model
ling system» (ACRU) (Smithers & Schulze, 1995). The
ACRU model uses an adapted SCS procedure (USDA
1985; Schulze & alii, 1993), designed to use daily rainfall
input as the driving mechanism. The modelled runoff on a
daily time step resolution have been provided by the De
partment of Agricultural Engineering, University of Peter
maritzburg (RSA) for three sub catchments of the Mbuluzi
River. For the upper Mbuluzane river catchment (GS3
runoff gauging weer) the regression between observed and
simulated runoff show an l of 0,84. Finally using this data
the daily runoff depths (rnrn) were calculated for the small
est sub catchment, the Mhlambanyoni river basin with an
area of 41.6 km2 and for Mbothoma new gully (fig. 1, 2).

Daily runoff values are used in the main equation (3)
and to calculate all hydraulic characteristics. The upper
part of the slopes (above 650-655 m) is under hortonian
type runoff, and only quick flow was used for these areas.
For the lower part of the slopes , where base flow is
formed by ground water seepage, the whole runoff was
used to calculate gully morphology.

Dynamic model calibration

The rate of deposition on the dykes in the Mhlamban
yoni river channel and in the Mbothoma gully itself is ne
glectable small , consequently equation (3) was used in
the form:

0 2 0 2
- -kpgq - =o. (4)ot ox

The erosion coefficient k is positive when flow velocity
is greater than the critical value Ucn and is zero when flow
velocity is lower than critical velocity. So values of k and
Ucr must be calibrated for erosion in saprolites (within the
gully) and in amphibolatis (in the river). Calibration was
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RESULTS

Applying the ERU -concept the erosion features and
processes recognized in the Mbuluzi catchment are main
ly rill-interrill erosion and deep linear erosion (gully ero
sion). Severe gully erosion was identified mainly in the
upper part of the Mbuluzane River catchment and in the
Mhlambanyoni catchment. The Mbothoma gullies app ear
in the highest erosion class. About 8 % of the Mhlamban
yoni basin is directly affected by severe deep gully erosion
(classes 4, 5 and 6) (see Marker & alii, 2001b). It should
be noted that the zone of intensive erosion is situated
along a north - south running system of amphibolite/ ser
pentinite and dolerite/ granophyre dykes. The main li
thology consists of highly erodible saprolites (Mushala &
alii, 1994; Scholten & alii, 1995). It is a densely populated
area with a high livestock concentration. Consequently
overgrazing occurs, especially on communal land like the
Mbothoma area. Cattle tracks and pathways are visible in
the aerial photographs and analyses of different time se
ries show that gullies often develop along these pathways
and tracks (see also WMS Associates, 1988). The high
density of gullies identified with the ERU method in the
Mhlambanyoni and upper Mbuluzane River basin was the
reason for the more detailed research on gully erosion
processes and dynamics in this area. Therefore the
Mbothoma gullies (figs. 2, 3) were chosen as test gullies
for model application.

In the gully catchment the soil cover varies from less
than 15 em on the top of the contribution area to more
than 1,50 m in the colluvial parts of the slopes. The gully
system on communal land under pasture has developed
in the drainage line of a former wetland area , caused by
a crossing amphibolite dyke. Side valley gullies are grow
ing along cattle paths which cross this creek. Part of the
gully contribution area was fenced in the late 1980s.
However the entire upper part of the slopes are still un
der pasture and they are heavily overgrazed. Th e conflu
ence of the Nlbothoma new gully, with a catchment area



of 41.8 ha , with the Mhlambanyoni River is located at
3800 m dist ance from the river mouth. The gully was
forme d on the con vex - concave initial slope (fig. 3) .
First ana lysis of an aerial photographs series (1960,
1971 , 1996) show that the recent (1996) gully bottom
has a uni form main trunk which is abo ut 490 m long,
with short side tributaries. Th e ent ire gully length is
abo ut 44 % of the gully catchment length , and now the
gully occupies onl y 1.5 % of the catchment area. Th e
main gully is 7-16 m deep , has a U-shaped cross-secti on
with bottom widths of 13-20 m and steep sidewalls. Th e
gully is at the first stage of th e rapid backward growing
of its length (fig. 5).

In 1960 the gully was abo ut 180 m long and 5 m deep
and long narrow troughs continued on the slope above
the gully head. In 1971 the gully length was about 200 m.
The depth of the gully bott om increased to 12'm and also
the upper trough become 4 m deeper. In 1990 the gully
was already 400 m long and 14 m deep , and in 1998 it was
490 m long. Consequently in the first 11 years (1960
1971) the average gully length growth rate was about 2 m
per annum, but the depth rapidly incre ased for 0.64 ml a
in the gully and for 0.36 mla in the trough. During the pe
riod 1971-1998 the gully length incr eased for 10-11 mi a,
and its depth increased with a rate of 0.14 ml a in the gul
ly and 0.4 ml a in the trough.

Th e gully erosion in the Mbothoma area seems to be
induced by an abrupt lowering of the erosion base. In
deed the aerial photo series show that the recent gullies in
the Mbothoma area have been developing since the

1960s1 1970s. The longitudinal profile of the Mhlamban
yoni river has step-pool pattern, with pools developed in
granodioritic sap rolite, and steps form ed at amphibolite
dykes (fig. 6). In 1960s the well defined step s occur only
at the headwater of the river. Up to 1990 the significant
erosion of the river bed highlighted the dykes at the lower
reaches of the river. At a distance of 2600-4800 m from
the mouth of the Mhlambanyoni River the mean rat e of
river bed lowerin g was 0.68 mla for the period from 1960
to 1990, but the development was non-uniform in time.
In average for the whole section the rate of river incision
was 0.25 mla from 1960 to 1971 and 0.93 mla from 1971
to 1990. Locally (for example, near the mouth of Mbotho
ma new gully) the rate of river bed erosion was the same
for both periods , or even more intensive during the first
period (fig. 6). In the years 1960-1990 the erosion of gran
odioritic saprolite was generally more intensive (0.77
m/a), than the erosion of amphibolite dykes (059 rn/ a).
Consequently new steps in the longitudinal profile were
formed. Furthermore a structure indicating a recent col
lapse of an amphibolite dyke which was crossing the river
further down stream from the erosion sites was observed
in the field (year 1999). This collap se might have been
caused by a big flood event such like the Demoina flood
in February 1984. For the study river with a basin area of
42 km2 the averaged 30 years rate of incision equals 0.68
ml a with local maxima of up to 1 mla which is close to
catastrophic. So recent gully erosion processes are influ 
enced by very high river dynamics and controlled by an
cient tectonic structures.
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The longitudinal profiles, and gully depth, bottom and
top width were calculated for the basin of the Mbothoma
new gully for all the flowlines over 100 m long. For the pe
riod 1960-1995 the water discharges calculated from rele
vant meteorological data were used. For the successive
135 years a sequence of daily water discharges was simu
lated on the base of 1945-1995 data. The elevation of the
erosion basis (mouth of the gully respectively the bed of
the Mhlambanyoni river channel) decrease exponentially
during this 150 year period from 633.7 to 615.8 m (fig. 7),
with a rapid incision at the beginning of the calculation
period and nearly stabilisation of the rived bed at its end.

The calculated elevations of the basin surface were
added to the basin DEM (fig. 8). The simulated Mbotho
rna_new gully system in the year 2110 will have a dendritic
pattern, with a main trunk about 1200 m long, and three
main dendritic tributaries of 270-560 m in length. The
maximum gully length (about 1200 m) is calculated to be
more than 95 % of the gully catchment length along this
flowline. 35 % of the entire contribution area will be af
fected by gully incision in the final situation. The tributar
ies and the main gully will be up to 15 m deep in their cen
tral sections and will have a trapezoidal cross-sections with
flat bottoms of 25-30 m widths and steep (more than 45°)
side walls. The main trunk of the gully will overlap the ex
isting Mbothoma new gully (1998). The most extensive
erosion will occur at the upper part of the basin above the
existing gully head. The volume of the gully system was
calculated to 1,040,000 m' for the gully catchment and the
surrounding area (total ar.ea 705543 m'), the layer of ero-

sion will be 4.15 m. The dynamic of gully growth is char 
acterized by a rapid growth rate of gully's maximum
length (table 2), followed by gully area, gully mean depth
and at last the growth rate of gully volume. This dynamic
of gully's morphology evolution is qualitatively the same,
as in the experiment of Kosov & alii (1978).

T ABLE 2 - Evolution of the main morphological characteristics of
Mb oth oma new gully, calculated with the dynamic gully model

year
Gully volume, Gully area, Gully mean Gully maximum

m l
m2 depth, m length, m

1990 239,403 145,543 1,64 950
2000 307 ,316 161,094 1,91 1026
2010 343 ,046 167,225 2,05 1026
2020 391,956 175,317 2,24 1026
2030 524,336 195,343 2,68 1032
2040 575,471 202,146 2,85 1032
2050 653,656 212 ,007 3,08 1038
2060 686,167 215 ,617 3,18 1038
2070 737,561 221,388 3,33 1038
2080 860,991 234 ,042 3,68 1038
2090 912,811 238,892 3,82 1042
2100 1,000,000 247,272 4,05 1042
2110 1,040,000 250 ,025 4,15 1042

The erosion rates of the gully model have been further
compared with rough USLE calculations for the same ar
ea which does not take into account gully erosion. Thus,
to get an idea of the range of erosion rates and of differ-
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FIG. 7 - Calculated lowering of
the erosion base level at the
mouth of the gully (the bed of
the Mhlambanyoni river channel)

du ring 150 year period.

Z m

634

632

628

626

624

622

620

618

614
1960 1980 2000 2020

I ,

2040
, , I

2060 2080 2100 2120

years

ences of the specific erosion processes. Therefore the in
terrill-rill erosion was estimated with the revised USLE
(Renard & alii, 1991) on a 25x25m pixel base and the sin
gle pixel values have then be completely routed down the
river network. This implies that sedimentation was ne
glected. The approximated results of the USLE calcula
tion was 1434 t per year (32 t/ha y) (see Marker & alii,
2001b). The averaged soil loss of the estimated entire gul
ly lifespan (150 years) was calculated with a soil density of
1,2g/cm3 to 8320 tons per year (185 t/ha y).

DISCUSSION AND CONCLUSIONS

The distribution of gully erosion in the study area
clearly shows that gully erosion must be included in the
calculation of sediment yield, especially where the litholo
gy is highly vulnerable to erosion (saprolites). Neverthe
less in traditional models such as the USLE gully erosion
is almost completely neglected.

The 1D dynamic gully model describes the evolution
of gully's morphology through time based on the system
of flowlines initially using a 2D DEM. The complex pro
cesses of the interaction between flow and soil cohesive
ness in the gully is performed in the model with a rather
simple transport equation for bed elevations Z for the
condition of pure erosion process:

o: 0 Z
- -kgpq - =0.
ot ox

This equation takes into account the feedback phe
nomenon of the relief transformation on the erosion rate
and it works with a rather limited number of input char
acteristics: initial longitudinal profile for each flowline;
specific water discharge distribution along this line; ero
sion coefficient k and associated critical velocity of ero
sion initiation Ucr for each soil texture. Initial longitudinal
profile along the flowline affects the rate of gully incision
and the shape of the gully profile at the beginning stage of
gully evolution. After a certain period of gully incision the
shape of its longitudinal profile becomes independent
from the shape of the initial slope and gully evolution is
only controlled by discharge and soil texture: the gully be 
comes a self-organising feature.

Erosion coefficient and the magnitude of the water
discharge effects mainly the rate of gully incision. The
critical velocity of erosion initiation and water discharge
distribution along the flowlines determine the shape of
the gully bed. The critical velocity of erosion initiation of
the topsoil layer also controls the gully length. These char
acteristics must be carefully calibrated with a set of exper
iments, or with backward calculations using existing in
formation about gully longitudinal profile evolution in
similar conditions.

The validation of the dynamic model is difficult due to
the small number of studies carried out regarding gully
erosion process dynamics. WMS Associates (1988) estab
lished from aerial stereo photographs gully erosion rates
for the period 1947-1987. The maximum growth rates of
10 m/ yare corresponding to the simulated growth rates .
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FIG. 8 - Digital elevation models of the calculated surfaces of the Mbothorna new gully system in 30 years steps from 1960 to 2110 (contour lines
with 2 m distances).
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To get a better validation of the model the results were
compared with the observed gully morphometr y delineat
ed from the stereo aerial photograph series (fig. 5 ). Gen
erally a good fittin g of the simulated (1971, 1990) and the
obs erved longitudinal profiles for these years can be stat
ed. Esp ecially the lower parts of the gully longitudinal
profile up to 100 m from the gully mouth show a parallel
lowering corresponding to the field observations. Conse
quentl y the model is able to describe the dynamic gully
development till the present situation and therefore a reli
able foreca st of gully evolution can be assumed .

The reason for the gully incision since the beginning
of the 1970s is the lowering of the erosion base level
(Mhlambanyoni River) due to collapses of the crossing
amphibolite dykes. These collapses were caused by in
tense storm events with high energetic inputs into the
system like the Demoina cyclone in February 1984. The
disposition to gully initiation given by the ph ysiographic
characteristic (saprolites) is finally ampli fied by the an
thropogenic activity like overgrazing phenomena.
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