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Abstract 

For centuries migration has been known to be a trend where people move from an area with 

poor resources to that which promises better life. In modern day the pattern is that of people 

moving from rural to urban areas. There is an unusual trend unfolding in Adams Rural, a rural 

area south of Durban in South Africa, where the migration norms appear to have been reversed. 

People have been moving from urban areas to this rural area. This trend is observable as an 

increase in human settlements over the past decade and is confirmed by annual aerial imagery of 

the area captured by the eThekwini Municipality. The increasing demand for settlements has placed 

pressure on customary stakeholders to provide more land for residential purpose’s resulting in loss 

of land previously reserved for agriculture predominantly in the form of sugarcane plantation. This 

research employs Geographic Information System (GIS) technology and change detection 

performed on selected orthophoto imagery to assess spatial change patterns, and to quantify the 

amount and rate of change in human settlements of Adams Rural during the period 2001 to 2012. 

The results show that spatial coverage of human settlements has more than doubled with 

commensurate loss in agricultural land. Demographic data for 2001 and 2011 obtained from 

statistics South Africa (Statistics SA) also confirms that the population of the area has more than 

doubled over the same period.  The rate of increase in settlements varied between periods 

considered with the population increasing proportionately. 

1. Introduction  

Spatial features are widely used in land development, and can be used to monitor change on 

land. The spatial change, due to developments on land, poses a vital need for an efficient land 

management system, based on modern Geographic Information System. Nowadays GIS is widely 

used for analysing and interpreting spatial information on land, for example, comparing what is 

currently in existence and what existed previously. This study therefore utilises GIS in carrying out 
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a classification-based change detection analysis to quantify spatial changes in Adams Rural due to 

an increase in human settlements. Various GIS studies conducted in urban areas have shown that 

GIS is an effective tool in quantifying the amount of spatial change in land due to development 

(Mithofer, 2006; Feleke, 2003; Openyemi, 2006.).  Moreover, the GIS software has been utilised to 

formulate a computer based land interpretation (Mithofer, 2006).  The result is the integration of 

GIS with cadastral information whereby geo-referenced orthophoto images are overlain with parcel 

cadastral boundaries (e.g. General Plans) which enabled the birth of GIS Cadastre. The GIS 

Cadastre System has up to date land information on every land parcel. The system enables the user 

to view parcel information such as boundaries, restrictions, rights and parcel extents using GIS, for 

instance eThekwini Municipality adopted this tool and uses it on their website for parcel viewing. 

South Africa has different types of land tenure rights, freehold, permission to occupy and customary 

tenure (Ntuli, 2003; Johnson, 2009). The KwaZulu-Natal customary regions fall under the 

Ingonyama Trust Board (ITB), which is against alienating land resulting in no formal layout for 

these areas.  The customary land management may have been a success in the past when using 

natural features as reference boundary marks made it relatively easy for the stakeholders to manage 

land affairs. However, with the increasing population in these regions the customary methods could 

be unsatisfactory. The exploitation of GIS techniques, therefore, will be helpful in the land 

management of such areas. The study intends to explore the spatial growth of rural settlements on 

the periphery of major cities using rural settlement expansion in Adams Rural as a case study.  

According to the demographic data obtainable from Statistics South Africa (2011), the population in 

Adams Rural has increased from 15763 to 31164 between 2001 and 2011, and there appears to have 

been an increase in settlement activity in the area over the same period. This paper therefore, 

examines in detail the pattern and extent of settlement expansion observed over the same period.  

The hypothesis of the study is that settlement expansion in Adams Rural is a result of reverse 

migration of people from urban areas to rural areas. 

1.1 Settlement Expansion and Loss of Sugarcane plantation in Customary Land  

The pattern of land use and land cover for an area is the product of socio-economic and natural 

factors and their exploitation by man in time and space (Fekele, 2003). Human activities often result 

in observable patterns in land use and land cover change over time, and in some cases has a 

profound effect upon the natural environment (Openyemi, 2006). There is an observable land cover 

change in the customary region of Adams Rural in KwaZulu-Natal, which is assumed to be due to 

the area being accessed by people looking to settle there. The change of land cover is assumed to be 

because of a change in land use. This fact is confirmed by looking at orthophotos of the area, 

obtainable from eThekwini Municipality, which show an unmistakable increase in built-up areas 

over the same period. The change of land use has resulted in the loss of agricultural land and one of 

the objectives of the study is to estimate the extent of human settlement growth. In the context of 

this study agricultural land refers to sugarcane plantation and the minor grass land in Adams Rural. 

Unlike urban areas and farms, agricultural land in customary tenure under Ingonyama trust is not 
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protected by the Subdivision of Agricultural Land Act 70 of 1970 (Lang, 2012). Thus this raises the 

concern about the importance of protecting the sugarcane plantations and open spaces in the Adams 

Rural customary land. Human settlements development of customary land is seen as an 

improvement from the perspective of land development by the stakeholders, however from the 

perspective of sugarcane plantation farmers this may be viewed as land degradation. 

1.2 Change detection and Image Classification  

Change detection is the process of identifying differences in the state of an object by monitoring 

it at different time periods (Singh, 1989). The change detection method uses the image-handling 

technique to monitor change over a different period of time (Huang and Hsiao, 2000). Mapping 

changes in an area is one of the applications of GIS, as we need to understand our evolving 

geography. Imagery is amongst the best suited data sources for accomplishing this task (Huang and 

Hsiao, 2000). There are a number of available data sources; we can get data captured practically 

anywhere on demand, from optical infrared, thermal and from radar platforms (Lu et al, 2004). 

Imagery is also one of the most precise data sources with an ever increasing spatial resolution in 

geometric accuracy (Lu et al, 2004). Thus imagery is truly an inherent part of many GIS 

applications and serves as a source of data to any GIS analyst.  Lu et al (2004) listed five steps that 

must be certified before change can be detected from imagery. These are precise registrations 

between multi-temporal imagery, precise radiometric and atmospheric normalization between 

multi-temporal imagery and the selection of the same spatial and spectral resolution imagery.  

Image calibration and normalization are very helpful in reducing effects such as shadowing, 

illumination and view angle (Lu et al, 2004). Change detection can provide possible measurement 

for specific types of changes in an area, such as vegetation or specific differences in a single band 

of reflectivity and land cover types (Lu et al, 2004; Lu and Weng, 2007). Lu et al (2004) further 

defines four steps of change detection: assessing the spatial pattern of change, image pre-

processing, identifying the nature of the change and measuring the extent of the change. The 

accuracy of change detected depends on 8 factors,  a precise geometric registration of multi-

temporal imagery (Singh, 1989; Coppin et al, 2004), classification technique applied, knowledge of 

the study area, quality ground truth data availability, complexity of the landscape, method used for 

change detection, time and cost restrictions (Lu et al, 2004; Lu and Weng, 2007).  

Organizing knowledge into order is an act of classification. In spatial information, classification 

is an abstract representation of features of the real world, by using classes or terms derived through 

a mental process (Giri, 2012). Classification requires defining the class boundaries, which should be 

clear, precise, and possibly quantitative and based on objective criteria (Giri, 2012). The purpose of 

image classification is to organize themes of land use and automatically assign pixels into one land 

use type in imagery. There are two classification approaches, namely the supervised image 

classification and the unsupervised classification. These classification techniques work differently 

and the supervised classification have different classifiers. The study adopted the supervised 

classification approach and as a result training sample was required.  
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2. The Study Area 

The study area for this research is Adams rural. Adams Rural is a region in eThekwini in the 

KwaZulu-Natal province of South Africa. The settlement is situated west of Amanzimtoti and south 

of Durban (figure 1).  In the early 90s Adams Rural was less populated with very few houses and 

the majority of hectares were used for agricultural purposes, but after the turn of the millennium the 

area has experienced a tremendous land cover change.  

 

 

Figure 1: Locality map of Adams Rural 

3. Materials and Methods  

The images and literature constitute secondary data required to carry-out this research. An 

overview of the research methodology is outlined in the form of a flowchart in Figure 2. 

3.1 Data Collection 

A preliminary visit of the  study area was conducted to collect data for the development of a 

classification scheme and to serve as ground truthing data for classification and evaluation of the 

classiffied imagery. 

True colour orthophoto imagery for the time period 2001 to 2012 were collected from the 

eThekwini Municipality and the National Geospatial Information Directorate. The orthophoto 
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images had a spatial resolution of 0.3m and had been created from raw images which were captured 

over varying illumination conditions. Some of the orthophotos therefore were very clear while 

others exhibited haze and were thus not very clear. A limitation encountered is that no two sets of 

orthophotos used in change detection analysis were compiled from images captured on the same 

date of the year and this undoubtedly affected the accuracy of the quantified spatial change.  

Unfortunaterly, the specific dates of imagery captured were not available from the imagery supplier.  

 

 

Figure 2: Flowchart presentation of research methodology. 

 

Demographic data based on the 2001 and 2011 census were obtained from Statistics South 

Africa (Statistics SA, 2001 and 2011) for use in validating the quantified spatial change in human 

settlements obtainable from change detection analysis of orthophoto imagery over the years 

considered. 
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3.2 Pre-Processing 

The source of imagery used in the research, eThekwini Municipality, provides images which 

have already been orthorectified. Therefore these images have been corrected for distortions caused 

by the sensor and the earth’s terrain. However the images are provided in the form of tiles (separate 

dataset) for the same coverage of the same year, thus requiring joining to create one full image of 

the study area.  Separate orthophoto images were therefore mosaicked to create a seamless dataset 

of the study area for each year considered for change detection. Spatial referencing of each resultant 

mosaic was then performed in order to register them to the South African Coordinate System 

(Hartebeeshoek, 1994) based on the World Geodetic System (WGS) 84 reference. Each mosaic was 

then clipped to the spatial extent of the study area. 

 

3.3 Image Classification 

Following pre-processing, each of the mosaicked orthophotos was classified into four (4) land 

cover/land use categories, namely; built-up, agriculture, bare soil and forest (Table 1). The 

classification process entailed extraction of well identified samples from the imagery representing 

each of the categories as training data. The resultant training data was then used to create spectral 

signatures representative of each of the categories which were subsequently used for classification. 

Supervised and unsupervised classifications were both explored with supervised classifications 

giving better results. Common supervised classification algorithms; mean-to-means, parallelepiped, 

mahalanobis distance and maximum likelihood were evaluated so as to identify one that gives the 

highest accuracy under the circumstances.  Maximum likelihood was identified as the best in 

agreement with other researchers (Dean and Smith, 2003). Therefore it was used to classify all other 

imagery for years 2001, 2004, 2006, 2008, 2010 and 2012 which were later used for change 

detection analysis. Each classified image was then assessed for accuracy to establish the limit of 

confidence with which the quantification of spatial change can be said to have been correct. 

 

Table 1. Land cover/land use classes. 

Class No. Class Name 
 

Class Description 

1 Bare Land Undeveloped / Gravel Road/ Grazed Land 

2 Forest  Forest of mixed trees types / Bushes / Shrub 

3 Built-Up Areas Settlements / manmade structures/ Tar Roads 

4 Agriculture Sugarcane plantation / Grass Land 
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4. Preliminary results 

The work presented in this paper is ongoing. Therefore only preliminary results are presented.  

Tiled orthophotos were able to be joined rather well after being mosaicked, registered in a 

reference coordinate system and clipped creating a seamless layer of the study area for each of the 

year imagery considered. Figure 3 shows the resultant clipped, geo-reference mosaics of the study 

area for years 2001 and 2012. The same was done for 2004, 2006, 2008 and 2010 images.  

 

  

Figure 3: Orthorectified images of Adams Rural for the years 2001 and 2012 

 

Classification of each of the images yielded visually observable changes in land cover/land use 

over the period under study (Figure 4). The built-up areas can be seen to have increased steadily 

from 2001 to 2012. On the 2004, 2006 and 2008 images there is an observable increase in bare soil 

coverage in areas previously occupied by sugarcane plantations. The average classification accuracy 

assessment of the maps in Figure 4 yielded the result between 80% and 95 % average accuracy.  

 

Quantification of spatial coverage of each of the land cover/land use categories on the classified 

image showed a steady increase in built-up areas between 2001 and 2012 (Table 2). The increase 

was largest though between 2001 and 2004 (Table 3). Agriculture (sugar cane) show commensurate 

change (Table 2) with the largest loss being between 2001 and 2004, the same period when increase 

in built-up areas was the largest (Table 3). 

 

Table 2: Classified Land cover/ land use for 2001, 2004, 2006, 2008, 2010 and 2012 (Area in Ha). 

Class Name 200 2004 2006 2008 2010 2012 

Bare land  572 1365 1199 1412 593 766 

Forest  830 865 602 702 849 965 

Built-Up Areas 120 182 193 231 243 253 

Agriculture 1634 744 1172 811 1490 1173 
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Figure 4: Land use classification maps of Adams Rural of 2001, 2004, 2006, 2008, 2010 and 2012. 

 

 

 

 



9 

 

Table 3: Change in land Cover/Land Use between years: 2001-2004, 2004-2006, 2006-2008, 2008-

2010, 2010-2012 (Area in Ha). 

Class Name 2001 -2004 2004-2006 2006-2008 2008-2010 2010-2012 

Bare land  793 -166 213 -819 173 

Forest -35 -263 100 147 116 

Built-Up Land  62 11 38 12 10 

Agriculture -890 428      -361 679 -317 

 

Other land use exhibited inconsistent and consistent fluctuations between various land use over 

the same period of study as shown in Figure 5. 
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Figure 5: Graphical presentation of land use change from classified images 

5. Discussion and Conclusion 

The post-classification change detection employed confirmed that human settlements have been 

increasing as the spatial coverage for the built-up areas obtained from the analysis have 

demonstrated a steady expansion over the study period. This increase is estimated as 52.8% from 

2001 to 2012 with built-up areas having increased from 119.488ha in 2001 to 253.265ha in 2012. 

(Figure 6; Tables 2 and 3).  The increase is further confirmed by the demographic data obtained 

from Statistics SA which shows a 49.4 % increase in Adams Rural population from 15763 in 2001 

to 31164 in 2011 (Figure 7). 

The results also show that wherever there is an increase in bare land there is a decrease in 

agricultural land and vice versa (Table 3; Figure 5). The general land use in Adam Rural is 

sugarcane plantations. However the increasing population requires residential land. These are two 

competing ends which have seen a gain in one at the expense of the other. Therefore the reverse 

migration phenomenon observed has resulted in the increase in population and growth of 

settlements in customary land.  Adams Rural region is indeed experiencing this reverse migration 

trend. 
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Figure 6: Growth of built-up areas in Adams Rural. 

 

 

 

Figure 7: Population statistics of Adams Rural 

 

The study has demonstrated the utilization of orthorectified images, GIS and image processing 

techniques in mapping spatially the land use changes from 2001 to 2012.  The results of present 

land use and the changing patterns over time are important in Adams Rural especially for the 

management of land distribution and resources. It can therefore be concluded that orthophoto 

imagery, GIS and image processing techniques can be effective tools in establishing patterns in land 

use change and can be used to facilitate spatial planning and land management in customary areas. 

Therefore this study used Adams Rural to confirm this phenomenon. It is further observed from the 

imagery that the settlements are expanding particularly in the areas closer to the main tarred roads. 

However, the drivers of this change have not yet been determined. It is envisaged that the drivers 

can be established by talking to the stakeholders and community members of Adams Rural. 

The growth of residential settlement is the apparent cause of land cover change in the area. The 

loss of agricultural land in Adams Rural implies that human settlement activities are affecting the 

environment in rural areas peripheral to Durban which is the major city in KZN. Therefore there is a 

need to understand the social forces that drive the relocation process to customary land.  A survey 

of the perceptions of local stakeholders in the study area will be conducted to help clarify what the 
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reasons for the reverse migration are. Thus the second phase of the study will investigate the 

reasons for migration to customary land. This will assist in acquiring a broader understanding of 

environmental changes and will also help to develop appropriate mitigatory responses to such 

change thus providing a response to the set hypothesis. 

 

References  

Coppin, P, Jonckheere, I, Nackaerts, K, Muys, B and Lambin, E 2004. ‘Review ArticleDigital change 

detection methods in ecosystem monitoring’, International Journal of Remote Sensing, vol. 25, no. 9, pp. 

1565-1596. 

Dean, AM and Smith, GM 2003, ‘An evaluation of per-parcel land cover mapping using maximum 

likelihood class probabilities’, International Journal of Remote Sensing, vol 24, pp. 2905–2920. 

Feleke, AK 2003, ‘Land use and Land cover in relation to Chromolaena Odorata distribution: mapping and 

change detection in St. Lucia wetland area, South Africa’, Msc Thesis, International Institute for Geo-

Information Science and Earth Observation, Enschede, Netherlands. 

Giri, CP 2012, ‘Remote sensing of land use and land cover’, Principles and applications. 

Hsiung Huang, H and Ju Hsiao, C 2000, ‘Post-classification and detection of simulated change for natural 

grass’. ACRS. Viewed 20 August 2013,<http://www.gisdevelopment.net.>  pp. 1–3. 

Johnson, E 2009, ‘Communal Land and Tenure Security. Analysis of the South African Communal Land 

Rights Act 11 of 2004’, MSc thesis of Laws at Stellenbosch University 

Lang, J 2012, ‘Land use schemes in Rural areas presentation to PDA forum’, LH-S Professional Planners.  

Lu, D, Mausel, P, Brondizio, E and Moran, E 2004, ‘Change detection techniques’, International Journal of 

Remote Sensing, vol. 25, no. 12, pp. 2365–2407. 

Lu, D and Weng, Q 2007, ‘A survey of image classification methods and techniques for improving 

classification performance’, International Journal of Remote Sensing, vol. 28, no. 5, pp. 823-870. 

Mithofer, K 2006, ‘Development of GIS-Based land registry for Tanzania’, MSc Thesis  

of Geographical Information Science & Systems, Salzburg University, Nairobi.   

Ntuli, BK 2003, ‘An appropriate application of the land use schemes in tribal rural areas: a case study of 

Ceza’, MSc thesis University of KwaZulu-Natal, the United Kingdom. 

Openyemi, ZA 2006, ‘Change detection in land use and land cover using remote sensing data and GIS. A 

case study of Ilorin and its environs in Kwara State’, The department of Geography, University of Ibadan 

in Partial.  

Singh, A 1989,’Digital change detection techniques using remote sensed data’, International Journal of 

Remote Sensing, vol. 10, no. 6, pp. 989–1003. 

Statistics South Africa 2001, viewed 01 October 2011, <http://www.statssa.gov.za/census01/html>  

Statistics South Africa 2011, viewed 01 October 2011, <http://census2011.adrianfrith.com/place/599179>    

 

http://www.gisdevelopment.net./
http://www.statssa.gov.za/census01/html
http://census2011.adrianfrith.com/place/599179

