















































Rationale of the Rese :h

To understand the imp ts of land use and land cover change in the Upper
Tyume, research ont reasons of change must be supported by accurate
data on how land use ias actually changed. The study seeks to provide an
understanding of the 2nds of environmental degradation with the view of

improving pattems of resource use.

To understand how | d usefland cover has changed over time and how

degradation has devi jped requires the development and use of efficient

tools and reliable m odologi and-use changes. Remote
sensing technologies e suitat idies. Information on actual
land-uses at a partic iIr mom uires surveys at a farm or

village level. The integration of Rsvras been very vital and suitable

for modem scientific cesgarely Jnteprelind Ry @4 3 technologies and
combining them with | owiedge of the gcomomié-dituation, social settings and

institutional settings, the complex interaction of causes and reasons for the

rates of land degrad: >n can be understood.
Hypothesis
Changes in land use practices, resultant hydrological changes of the upper

Tyume and commu y attitude to erosion over the past years led to land

degradation.
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Soil loss and the factors that cause it have been studied using different
methods. The followi ) section gives a brief review of the methods used in

erosion mapping, qu tification and modelling studies.

Review of methods used in erosion studies.

Techniques of soil € sion survey differ according to the eventual aims of the
survey (Weaver, 1988). Gully erosion modelling has focussed more on

development of qualitative and empirical-statistical models than in formulation

of physically based odels wh ifying and or modelling gully
erosion (Bocco, 1991; Stoc .asanovas 2003). Different
approaches have been used tc y of gullies and the effects of

gullies (sediment production and vation) and to predict the risk of
gully erosion and its efviPrEENatpogd #d pEopdpip@ffects (Casanovas,
2003). In mapping changés if guily mdrptiology; over a short space of time,
Welch, Jordan and Thomas (1984) in Weaver (1988) found repetitive low
altitude stereo-photographic techniques to be useful. Keech (1968) in Weaver
(1988) used 1: 25 )0 aerial photographs to measure the density of rills and
gullies in Zimbabwe. Another approach by Keech (1969) in Weaver (1988)
was to use aerial phbtographs to outline gullies on transparencies. Outlines
from sets of sequential photographs then provided the basis for the
determination of soil erosion trends in the Mhondoro tribal trust lands of
Zimbabwe. Makh: ya (1978) in Weaver (1988) used sequential aerial
photographs to map changes in erosion and to identify areas of high erosion
risk in Lesotho. Stocking and Elwell (1973) in Weaver (1988) in Zimbabwe

used a method that adopts a single factorial scoring technique whereby 5




37

erosion factors are allocated values between 1 and 5. The erosion factors
used were erosivity, erodibility, land cover, slope and human occupation.
Factorial values were summed for each area and an erosion risk value
between 1 and 25 was obtained for each region. Casasnovas (2003) used
muititemporal (1957 to 1993) aerial photos and a DEM to map and quantify

gully erosion in Catalonia (Spain).

Advances in remote sensing technology have opened up new prospects for

soil erosion mapping. Satellite imagery clearly shows severe and very severe

classes of erosion where high Jil or windblown sand are
easily recorded. However, aeriz vide a far higher resolution
but of a smaller area than sat¢ level of resolution of most

aerial photographs makes it possn'au erosion processes whereas
satellite imagery is linlited 1§ MWW@N %Péensive areas only.
Sheet, rill and gully erosSiom c¢arr beg fdehtified, mapped and measured

quantitatively by aerial photographs (Bode, 1986 In Weaver, 1988).

A number of studies employing different methods including remote sensing
have been carried out on erosion in South Africa. Remote sensing (aerial

photography and satellite images) and GIS have been used in many studies.

Kakembo (1997) did an air photo and field study of areas affected by erosion
in the Peddie District of the Eastern Cape. He found very little difference in
erosion trends between Betterment and Non-betterment villages, and that
land was gradually shifting into worse erosion categories. Rowntree (1988)
reviewed erosion in the Karoo and found out that erosion itself may not

represent degradation, as the cycle of erosion and deposition are part of the
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The erosion modelling process

GIS processes

The erosion model was done by taking key factors, which were slope, soil,
land use and overland flow routes. A digital elevation model (DEM) was
creéted through surface modelling. Surface modelling creates approximations
of surfaces by means of interpolation from spatially referenced attributes.

Digital contours and spot heights were used as primary inputs to the DEM for

the model.
For slope and overland flow rou ition Model was the primary
data source. The Digital Elevati «d the elevation of the study

area at a fixed grid interval. The 'l'eated for the whole Seymour
1:50 000 toposheet tb. EBlivgte ﬂWF@pﬁi@{m—land flow routes.
Input data for the creation of the 20m resoittiori DE#M were spot heights and
digital contours. Digital contours were cleaned first to correct for missing
values and cross cutting contours. To get a more accurate digital elevation
model, spot heights were digitised from the 3226DB SEYMOUR (SA) (1:50
000.) topographical sheet in the region between Eastings 26° 55' & 27° and
Northings 32° 40' & 32° 33/, which is a small region around in the village
where the erosion modelling was conducted. The DEM was created in

TNTMips. The TNTMips process for creating the DEM was as below:

Process =) surface modelling

The flow chart (Fig 4.4) shows the levels of data abstraction to get to the SEP.
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Table 4.10: Matrix algebra addition for land use, slope, soil and drainage tables

Slope, Soil and Drainage Class

-

Land use Class

3

2

i O M W
W & N
N W

1

6 becomes Very High SEP, § becomes High SEP, 4 becomes Med SEP, 3

and 2 become Low SEP.

The analysis of gully developm e study area was performed
by taking five main gully sites des-nes in this study. Growth of the
gullies in each zone w3% vlemmg @ﬂ ﬂ@ﬁeﬁ%yr@easuring the area
covered by gullies in each zon&'iri éach yeararidthen monitoring the changes
over time. Fig 5.7 shows the main gully sites chosen on the basis of gully

density.

(B) LAND USE AND LAND COVER CHANGE ANALYSIS

Land use and land cover change analysis was done to give a visual
impression of how such changes occur. Three Landsat TM images were used
in this analysis. The images were for the years, 1995, 2000 and 2002.
Preprocessing of satellite images was done. This involved resampling the
images, atmospheric correction or normalization, image registration and

geometric correction. The images were georeferenced and were projected to
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gully area there was an increase in the gully width. Taking a specific location
of the gully, in 1949 the width was about 37m and increased to about 46m in
1963. In 1996, the width had reached 57-58 m. This shows the severity of
erosion in this locality. This marked increase in width should be more or less a
result of the dispersive nature of soils which promotes lateral development.
Grazing and sparse vegetation could have also led to this lateral extension.
Slope and drainage factors may not have played an important role as it is a

relatively flat area with no rivers flowing through it.

Field visit results

A visit to the study sites was done tvneck the conditions of the
gullies. Different size gqmpﬂiveffgﬁr}}s@pqsefﬁeﬁmnt were
observed. These were then catégoriséd into-the ¢fassés as shown in Table

5.4

Table 5.4: Fieldwork gully classification

Category Description

A Gullies >25 000m?, > 2m depth, still active

A1 Gullies >25 000m2, > 2m depth, stabilising (colonised by vegetation)

B Average size gullies ranging from 10 000m? — 25 000m?, mostly
active

C Gullies not in A, A1, B colonised by vegetation and stabilised (not
active)

Pictures of categories A1 and C described in Table 5.4 are displayed in Plates
5.2 and 5.4, respectively. Gully depths ranged from 1 to 3 metres. From Plate

5.2, gully depth was about 3 metres. This can be approximated by using the
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Landsat TM Band 1
for 1995, 2000 and 2002

®

LS Sordace

Projection UTM @ 3 kilometers

- Fig 5.9 Band 1 images



Landsat TM Band 3
for 1995, 2000 and 2002

Projection UTM 3 kilometers

Fig 5.10 Band 3 images
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NIR/NDVI/GREEN Image

From the computed R/NDVI/GREEN images, three main types of
vegetation were discrim ited in this false colour composite image. The main
reason for computing this mage was to determine general classes that can be
obtained based on vegetation density, areas with vegetation canopies and
those with sparse vegetation. The 2000 (Fig 5.12) image was used to
i ustrate this effect. Fror the figure, the green areas consist of dense trees

with closed canopies. T 3 area on the map coincides with the pine plantation,

wattle trees and the few remai = = forests. The bright yellow
colour found scattered  over tr red with shrubs, grass and
trees which are less dense. The Wy indigenous bushes and

trees. The dark blue/pu le/mage. .v- cover the larger part of the
image are areas with v Jﬂtll&éi‘%‘ﬁ'fzgetfhﬁn WTCHOITH part of the grazing
areas and settlements. A vistiag€dmparsoh.ofehehit@/NDVI/GREEN images
for the different years showed that the blue/purple/magenta colours have
become more pronounced which supports the occurrence of land

degradation.
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a serious problem in the area. These responses were shared equally by the
age groups. Those involved in cultivation at the time of interviewing
constituted about 24% of the total population and almost all of these cited
degradation as having affected them very seriously. About 50% of those not

involved in cultivation also cited degradation as a serious environmental

problem.
Land Degradation Perception
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Fig 5.15: Perceptions on land degradation

About 10% of the respondents also said land degradation had not at all
affected or not seriously affected their way of life. Most of the respondents
were undecided when they were asked whether land use change could have
had an influence on the occurrence of land degradation. Upon further
questioning the views changed slightly. This was especially noticed when
respondents were asked specifically about the activities on the escarpment
before the establishment of the pine plantation. Most said it was used for

livestock grazing. he introduction of the pines in the late 1960’s to early
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communities. During the same time there was also an increase in settlements
and the road network around the settlements in Guquka (Fig 5.17). See
Appendices for a map of settlement area change to explain how settlement

changed.

Changes in the organisation of land use parcels

I Landparcels 1985
[__1 Landparcels 1949

1 0 1 2 Kilometers

] f—
[—————— L |

Fig. 5.16: Changes in the organisation of land use parcels
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15. What do you think could have caused degradation? (Ask this question if the

answer for question 12 is positive)

P}

ST wWhosl (e (Lew%
T Ceane & oyl

16. A piece of land can be used fc
with time, This is referred to as /
have contributed to land degrad:

I agree strongly with this «

e today, but this can change
you think Landuse change could

1

I agree moderately with thnW

Undecided UﬁlVEI’Slty Ot F(

D

\

T disagree moderately With thIS &Pt C

Plt

2
Ha ¢
¢ 4

I disagree strongly with this statement

5

17. What else do you think could have caused land degradation in this area?
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