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ABSTRACT 

 

The Baviaanskloof is a 75 km long valley between two mountain ranges in the Eastern Cape Province (South 

Africa). The area is a unique World Heritage Site because of its beauty and biodiversity, which has global 

importance.  Baviaanskloof is part of the Baviaanskloof Mega Reserve (BMR) of about 500,000 ha, which 

comprises of clusters of state-owned protected land within a network of private and communal land. The area 

has been degraded due to intensive overgrazing and this is the primary reason for the implementation of four 

restoration interventions: Fenced/Revegetation of Spekboom/Livestock exclusion, Revegetation of Spekboom 

and Livestock exclusion, Livestock exclusion and Revegetation of Spekboom. This study sets out with the aim 

to map and analyse land cover in the Baviaanskloof based on cover classes that are relevant for evaluating 

restoration success. This was done through using a satellite image. The results reveal that freely accessible and 

relatively high-resolution Sentinel-2 imagery has adequate capability for mapping land cover with 85% accuracy, 

for evaluating restoration success. The result of FRAGSTAT for determining fragmentation in Spekboom 

vegetation and the ANOVA result indicates that among the five restoration types implemented, the 

‘Fenced/Revegetation/Livestock exclusion’ measures is less fragmented compared to other restoration types. 

It also reveals that the restoration type influenced the growth of Spekboom which is the keystone for the 

restoration interventions in the area.  However, the season for which the Sentinel image was used affects the 

accuracy of the land cover classification. During the dry season the obtained overall accuracy was higher 

compared to the wet season. One of the findings which emerged from this study is that the combination of 

bands from wet and dry season and the number of classes influenced the overall accuracy for image 

classification. The image classification with focus on Spekboom vegetation class using a combination of 10 

bands from wet and dry season performed better with an accuracy of 85% compared to other band 

combinations. Monitoring the success of restoration interventions is crucial for stakeholders, the result of this 

study will guide them on which restoration type has been effective.   

 

 

Keywords:  Sentinel 2, Supervised Maximum Likelihood, Baviaanskloof, Restoration, Land degradation  
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1. INTRODUCTION 

1.1. Background and  justification  

 

Land degradation is one of the most severe environmental challenges in the world today (Kertész, 2009; UNEP, 

2015).  It is caused and propagated by a complex mix of factors, ranging from environmental processes to human 

activities. Kishk (1990) argues that although land degradation can be a natural process, the misuse and 

mismanagement of natural resources by humans play a very important role. Land degradation has accelerated 

considerably in the past 10 years due to the intensification of agricultural production, urbanization, deforestation, 

drought, flooding and other extreme weather events (UNEP, 2015). UNEP (2015) asserted that within the last 

40 years, up to 35% of the world’s arable land has been lost to land degradation. Similarly, according to World 

Meteorological Organization (WMO, 2015), over 250 million people are affected by desertification alone, and 

another one billion people are at risk. 

 

The United Nations Sustainable Development Goals specifically address the threats of land degradation in Goal 

15. It emphasizes the need to “protect, restore and promote sustainable use of terrestrial ecosystems, sustainably 

manage forests, combat desertification, halt and reverse land degradation and biodiversity loss”   (United Nations, 

2015). Goal 15 also reaffirms the need to address the interdependence between sustainable management of 

Earth’s resources and economic development through the promotion of resilient systems and disaster risk 

reduction (United Nations, 2015). Furthermore, Target 15.3 aims at restoring land already impacted by 

desertification, drought, floods and other forms of land degradation (United Nations, 2015). These, among other 

reasons, informed the decision to restore the Baviaanskloof catchment, which is a degraded biodiversity hotspot 

in a semi-arid region. 

 
Land cover patterns are generated by human activity and natural factors, but the effects of human activities on 

the dynamics of land cover changes has become increasingly evident  (Zhou et al., 2014). The alteration of natural 

land cover into a modified Land cover has become unpreventable due to growing human demands. Also, the 

subsequent implementation of restoration interventions to reduce the negative impacts of human activities on 

the environment has tremendous effect on land cover pattern (Zhao et al., 2017). The importance of the spatial 

and temporal dynamics of land cover transformation cannot be overemphasized. It affects the micro- and macro-

climate (Cunha et al., 2015; Mahmood et al., 2010), the hydrology of surface and underground water ( Lang et al., 

2018; Setegn et al., 2009), land degradation and the survival and sustenance of terrestrial and aquatic ecosystems 

(Setegn et al., 2009). Chhabra et al., (2006), concluded that land cover change affects the proper function of the 

earth, the ecosystem, and human livelihood.  

 

Restoration interventions include rehabilitation of degraded land to ensure increased food production, restore 

biodiversity and enhance ecological functions (TerrAfrica, 2013). According to Society for Ecological Restoration 

International Science & Policy Working Group (2004),  restoration  aims to enhance the  recovery process of an 

ecosystem that has been  damaged. As such, the purpose of restoring degraded ecosystem is to reestablish a 

resilient and  self-sustaining ecosystem (Ruiz-Jaen & Aide, 2005; Society for Ecological Restoration International 

Science & Policy Working Group, 2004; Urbanska, Webb, & Edwards, 1997).  
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It is however necessary to periodically assess the state of a restoration intervention to provide insight into its success 

rate, to determine whether the set targets are being achieved. One important step in evaluating restoration success 

is the clear and explicit definition of criteria for this purpose. Several authors have made significant contributions 

by recommending some criteria that can be considered in monitoring restoration projects (Walters, 2000; Wilkins, 

Keith, & Adam, 2003). Nevertheless, the interpretation of the effectiveness of a restoration intervention may cover 

various aspects of  the intervention, ranging from biophysical to ecological and socio-economic aspects (Meroni et 

al., 2017; Shackelford et al., 2013).  Moreover, the Society for Ecological Restoration International Science & Policy 

Working Group(2004) specified guidelines on the comparison between restoration and controlled site based  on 

the number of attributes measured on fieldwork species composition to ecosystem function and stability and to 

landscape context.  

 

Three parameters can be used in monitoring effectiveness of restoration interventions.; (1) diversity; (2) vegetation 

structure and (3) ecological processes (Ruiz-Jaen & Aide, 2005). All these parameters are linked directly or indirectly 

to land cover. It is noteworthy that land cover (vegetation) plays a crucial role in ecological processes like carbon 

and hydrologic cycles, nutrients cycles, food webs, plant succession, etc. Restoration interventions are consequently 

implemented to rehabilitate degraded vegetation cover and recuperate land productivity(Meroni et al., 2017).  

 

These restoration monitoring processes can be conducted using fieldwork exclusively. It is, however, time 

consuming and capital intensive. On the other hand, remote sensing is a relatively inexpensive, faster and efficient 

alternative. Remote sensing has enhanced  our ability to observe ecosystem dynamics and human impact on the 

environment (De La Rocque, Michel, Plazanet, & Pin, 2004; Heumann, 2011; McCarthy et al., 2017).  Remote 

sensing and GIS are important tools for studying land cover change (Singh et al., 2015).  Land cover change is one 

aspect of change detection using remote sensing  technology (Lu, Mausel, Brondízio, & Moran, 2004), which has 

been used to evaluate landscapes that have undergone radical change (Haque & Basak, 2017).  Vegetation indices 

using the normalized difference vegetation index (NDVI), Iterative Self-Organizing Data Analysis (ISODATA) 

and  Maximum likelihood supervised classification are other image classification techniques used in remote sensing  

to  detect land cover change (Markogianni, Dimitriou, & Kalivas, 2013). 

 
The launch of the Sentinel 2 satellite by the European Space Agency has been a major boost for effective natural 

resource evaluation and management. The global coverage, high spatial (10 to 60m), temporal (5-day interval) and 

spectral (13 bands) resolution and three red edge spectral bands, coupled with its free download and use (ESA, 

2015), makes it a very important addition to the long list of currently available remotely sensed data. Moreover,  

Forkuor et al., (2018) pointed out that the availability of the Sentinel 2 data will greatly improve scientific 

investigations, effective decision making, land use planning and policy formulation.  Indeed, due to the high spatial 

resolution and repeat time of five days Sentinel imagery may prove to be a very important and innovative tool for 

monitoring the inherent temporal and spatial dynamics engendered by an ecosystem restoration intervention. It 

may enable the detailed exploration of how the spatial extent and composition of the ecosystem has changed over 

time, providing insight on the success or failure of the intervention. To the best of my knowledge, this possibility 

has not been fully explored. 
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1.2. Research problem 

 

 

The Baviaanskloof catchment is populated by less than 2,000 inhabitants (Boshoff, 2008). The region is located 

75 km north-west of Port Elizabeth, and is the source of up to 30% of its drinking water (Jansen, 2008). 

Furthermore, Baviaanskloof is an area of outstanding natural beauty with remarkable landscape and diverse 

varieties of plants and animals (Boshoff, 2008; World Bank, 2011).  Three of the world’s  most  significant  

biomes can be found  in the area (Conservation South Africa, 2012; Grounded, 2016). The region is also home 

to a wide variety of endemic plant species (Boshof, Cowling, Kerley, 2000; Boshoff, 2008; Van Wyk, 2011). 

Nevertheless, decades of unsustainable goat and sheep farming has led to extensive land degradation in the 

region (Boshoff, 2008; Waters et al., 2016).  

 

Indeed, in semi-arid regions of the world, overgrazing of livestock is the main driver of desertification  (Stringer 

et al., 2009; Van Luijk, Cowling, Riksen, & Glenday, 2013). If unsustainable goat farming remains the primary 

form of land use and income in the Baviaanskloof catchment, the land will further desertify (Living Land, 2016; 

Talbot & van den Broeck, 2015). In addition to desertification, soil erosion, silting of river and stream beds, 

and biodiversity loss are major environmental challenges in Baviaanskloof (Boshoff, 2008).  

 

To address these issues, while safeguarding the means of livelihood of the local inhabitants, restoration 

interventions have been carried out in the Baviaanskloof. The interventions include planting of thicket, 

Lavender, Rosemary and removing of livestock. There is, however, the need to assess the impacts of restoration 

interventions to determine whether the landscape is being rehabilitated. This monitoring will also reassure the 

investor’s confidence as it will show, in quantitative terms, to what extent the restoration goals are being achieved  

(Sewell, Bouma, & Van Der Esch, 2016).  In-situ monitoring of large areas is a time-consuming and capital-

intensive venture. Land use and land cover change monitoring with remotely sensed satellite imagery is a 

relatively cheap and sustainable alternative because it takes less time, human and financial capital to periodically 

assess the state and rate of change of the landscape. Indeed, several researchers have used satellite imagery to 

monitor the impacts of land restoration measures in semi-arid areas and other landscapes (Andres, Boateng, 

Borja-Vega, & Thomas, 2018; Klemas & Klemas, 2014; Meroni et al., 2017; Vanderhoof & Burt, 2018; 

Vanderpost, Ringrose, Matheson, & Arntzen, 2011). The role of remote sensing in the monitoring of restoration 

success has increased  due to the possibility of mapping the full extent of vegetation at high spatial resolutions 

(Xie, Sha, & Yu, 2008).   

 

The assessment of vegetation structure – i.e. trees, shrubs, herbs,  woody plant density, biomass or vegetation 

profiles – using vegetation cover is one of the principal criteria for measuring  restoration success (Kruse & 

Groninger, 2003, Ruiz-Jaen & Aide, 2005, Salinas & Guirado, 2002, Wilkins, Keith, & Adam, 2003). Monitoring 

vegetation cover has been used to study changes in spatial pattern, providing  immediate  and systematic 

evaluation  on the biophysical impact in terms of vegetation cover of restored areas (Reif & Theel, 2017). 

Monitoring of vegetation cover and its abundance needs spatially explicit vegetation maps with sufficient spatial 

and thematic resolution to determine restoration success. The quality of the output should be explicit enough to 

allow stakeholders to evaluate ecosystem services affected during implementation of restoration interventions, 

identify species that need to be restored and direct their efforts to highly suitable areas where plant may thrive 

with relatively higher survival rate (Cordell et al., 2017).  
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So far, studies on  the Eastern Cape of South Africa previously conducted by Nyamugama & Kakembo  (2015)  

used satellite imagery to estimate and monitor aboveground carbon stocks using Landsat Thematic Mapper, 

Landsat Enhanced Thematic Mapper and Satellite Pour l’Observation de la Terre 5 (SPOT 5). Furthermore,  

Bailey, McCleery, Binford  & Zweig  (2016)  assessed land cover change in Maputaland-Pondoland-Albany 

Biodiversity Hotspot Zone using Landsat images. It is noteworthy that since the start of Baviaanskloof restoration 

project in 2005, no research has attempted to monitor land cover change in the area as a proxy to assessing the 

success or failure of the ecosystem intervention measures implemented. Furthermore, the availability of high 

(spatial and temporal) resolution Sentinel 2A and 2B imageries with potential applications in agriculture, land-cover 

change and biophysical vegetation variable mapping (ESA, 2015), would improve our capacity for monitoring 

ecosystem restorations. It is, however, noteworthy that Sentinel 2A satellite was launched in June 23, 2015, while 

Sentinel 2B was launched in May 7, 2017. Its potential value is consequently limited by the fact that it can only be 

used to monitor restoration interventions, staring from 2015. Sentinel 2 is a high spatial resolution satellite, but the 

capability, with particular reference to its use to detect vegetation variation in this landscape is not yet known. It is 

for this reason that this study proposes the use of Sentinel 2 products and field validation in the detection and 

evaluation of land cover change for the assessment of the impact of land restoration intervention in the 

Baviaanskloof catchment.  

 

1.3. Research objectives and questions 

 

The main objective of the study was to map and analyse land cover in the Baviaanskloof based on cover classes that 

are relevant for evaluating restoration success. This objective will be addressed by the following specific objectives 

and research questions: 

 

 

SPECIFIC OBJECTIVES RESEARCH QUESTION 

To determine which land cover classes are 

relevant for evaluating restoration success 

1.1 How do restoration activities link to land 

cover?  

 

1.2 What is the current spatial distribution of 

the land cover classes in the catchment area? 

To determine if the wet and dry season affect 

how well the selected land cover classes can 

be distinguished 

 2.1. What period is the wet and dry season in  

     Baviaanskloof? 

 

2.2 Is accuracy of the image classification       

     affected by dry and wet season? 

  

2.3 Which land cover classes can best be   

    distinguished in the wet and dry season? 

To compare the  land cover and land cover 

composition  in the intervened and non-

intervened area   

  

3.1 How much do intervened and non 

      intervened areas differ in land cover and    

      land cover composition 
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2. METHODOLOGY  

2.1. Study area 

 

The Baviaanskloof “valley of Baboons” is part of the Baviaanskloof Mega Reserve (BMR)of about 500,000 ha. The 

area is located between -33.545869° Latitude South and 23.577686° Longitude West to -33.672957° Latitude South 

and 24.394790° Longitude East. The Baviaanskloof is composed of a state-owned protected area amidst 23 privately 

owned and communal lands (Boshoff, 2008). The study area is located between the parallel East and West running 

Baviaanskloof and Kouga mountain ranges in the western region of South Africa’s Eastern Cape Province (Figure 1).  

 
Figure 1. Location of the study area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The study area is located in the Mediterranean climate, has an average temperature of 17.8° C during coldest months, 

mild and moist during winter season, while during summer season the region are very hot and dry (George, 2018). The 

Eastern part of the valley is 95 km away from Port Elizabeth  (Living Land, 2016). The abundance of innate biodiversity 

in Baviaanskloof resulted in its recognition as World Heritage Site in 2004 (Boshoff, 2008). As a result of degradation, 

the area has been under restoration since 2005. The restoration interventions includes Fenced/Revegetation/Livestock 

exclusion, Revegetation and Livestock exclusion, Revegetation and Livestock exclusion. 
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     2.2.  Restoration activities link to land cover 

. 

Baviaanskloof mountainous areas are severely degraded as a result of overgrazing. The highlands were once a dense 

closed-canopy shrubland where Spekboom (Portulacaria afra) was substantial, before its degradation and 

transformation into an open savanna-like landscape (Waters et al., 2016).  Locations where restoration activities have 

occurred with expected land cover changes were obtained through consultation with stakeholders, in line with the 

prescriptions of European Commission report on public consultation (European Commission, 2018). The 

consultation enabled us to locate restoration sites, and to plan field visits. Specific group of stakeholders; Living Land, 

Farmers and researchers were interviewed to collect data on restoration sites, boundaries of plots and testimonies of 

seasons. The restoration activities include planting of Spekboom, Lavender, Rosemary and excluding the livestock. It 

is expected that the spatial coverage of Spekboom, Lavender and Rosemary will increase, at the expense of livestock 

rangeland. Spekboom was selected as a reference land cover because it is related to the identified restoration activities. 

The preliminary identified land cover classes required consultation and validation from the stakeholder (Living Land), 

as they will eventually benefit from the output land cover map. Consultation with them also provided insight into the 

land cover classes required, kind of activities that are going on, and how it affects the transformation of land cover 

due to the restoration interventions. Land cover stratification was done using the percentage of vegetation or cover 

type estimated from field work.  Estimate of cover percentages was done in circular plot with a radius of 30 x 30 m. 

The percentages of vegetation cover were estimated at different strata using ocular estimates or visual interpretation. 

Ocular estimates or visual interpretation are common approaches in collecting cover data in plots since they are more 

rapid than other cover methods.  Vegetation covers are visually estimated as a percent in a covered area inside a plot 

(Godínez et al., 2009). Thresholds were adjusted from an existing land cover classification for South Africa 

(Department of Rural Development and Land Reform, 2017). 

 

2.3.   Land cover mapping 

 

A Sentinel 2A image of 2018 (Level 1C), with a spatial resolution of 10m was used for the land cover identification. 

The satellite image was downloaded from Copernicus website, and processed in Sen2Cor plugin available on SNAP 

software for atmospheric correction. Sentinel 2 has 13 bands, but only bands 8, 11 and 4 were used for this study 

because they capture information that is relevant for discrimination of land cover types as described in the Sentinel-

2 mission requirement document (ESA, 2007).  Some image bands of the sentinel 2A had a resolution of 10m while 

others were 20m as shown in Table 1.  

 

To harmonise the resolution of bands of interest, all bands were resampled to 10m, resolution using nearest 

neighbourhood algorithm. This algorithm was used because it preserves pixel information. The resampled bands were 

layer stacked into a raster image, and subsetted with study area shapefile to get the area of interest. Unsupervised 

classification was done on the subsetted raster  image to aid the preliminary identification of homogenous cover types, 

for field investigation and validation. (Oto, 2017). A combination of stratified and purposive sampling was used during 

this study. According to Fan et al., (2012) stratified sampling involves the division of the population into several units 

and selecting a specified number of samples from each unit, which is the case in this study. Also, purposive sampling 

is useful when you need to reach a targeted sample quickly (Schreuder, Ernst, & Ramirez-Maldonado, 2004). Ten 

homogenous cover types (strata) were identified from the unsupervised classification. From each homogenous cover 

type, 20 sampling points were selected in ArcMap, making a total of 200 sample points envisaged for this study. The 

image, study area shapefile and 200 sampling points were uploaded into a tablet using Locus Software to guide field 

navigation and ground truthing. A total of 412 ground truth points were collected from the field, more than what was 

planned, because of further detailed vegetation stratification was suspected.  
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Table 1. The Sentinel-2 spectral bands  (ESA, 2007) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

60 % of ground truth points collected from the field were used to train the Maximum likelihood classifier for 

classification, while 40% was used for accuracy assessment. This procedure is supported by Xing, (2015). Maximum 

Likelihood algorithm is one of the most popular supervised classification used in remote sensing image data (Haque 

& Basak, 2017). The method is based on the probability that a pixel belongs to a particular class and assumes that this 

probability are is equal for all classes and input bands have normal distribution (Rujoiu-Mare & Mihai, 2016). Six 

designs were used for classification based on different band combinations for wet, dry and a combination of wet and 

dry seasons as presented in Table 3 below. The classification accuracies were compared between Designs A.1 and 

A.2. Designs B, C.1, C.3, D. E.1 and E.3 were selected to determine the best band combinations with high 

classification accuracy in the dry season. On the other hand, Designs C.2 and E.2 were used to determine the influence 

of seasonality on classification accuracy. However, other band combinations were configured in an attempt to employ 

their characteristics for a better segregation of land cover types, the different band combinations for wet and dry 

seasons are summarized in Table 2 below. 

 

 

 

 

 

Band Name Center λ 

Center (nm) 

Spatial Resolution 

(m) 

Purpose 

1 443 60 Atmospheric correction  

2 490 10 Sensitive to vegetation senescing, carotenoid, 

browning and soil background; atmospheric 

correction (aerosol scattering). 

3 560 10 Green peak, sensitive to total chlorophyll in 

vegetation 

4 665 10 Max. chlorophyll absorption  

5 705 20 Position of red edge; consolidation of atmospheric 

corrections/fluorescence baseline  

6 740 20 Position of red edge, atmospheric correction, retrieval 

of aerosol load 

7 783 20 Leaf Area Index (LAI), edge of NIR plateau 

8 842 10 LAI 

8a 865 20 NIR plateau, sensitive to total chlorophyll, biomass, 

LAI and protein, water vapor absorption reference, 

retrieval of aerosol load and type  

9 945 60 Water vapor absorption, atmospheric correction  

10 1375 60 Detection of cirrus for atmospheric correction  

11 1610 20 Sensitive to lignin, starch and forest above ground 

biomass/Snow/ice/cloud separation 

12 2190 20 Assessment of Mediterranean vegetation conditions. 

Distinction of clay soils for the monitoring of soil 

erosion. Distinction between live biomass, dead 

biomass and soil, e.g. for burn scars mapping  
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Table 2. Classified image for six design types 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4.  Determining the seasons  

 

According to Kottek, Grieser, Beck, Bruno, & Rubel (2006) Mediterranean climate types are classified  under  the 

Köppen climate classification system as "C" which stands for warm temperature climate.  The region is located in the 

Mediterranean climate and has an average temperature of 17.8° C during coldest months. The winter season is, mild 

and moist  while the summer season  is very hot and dry (George, 2018). Precipitation data from a weather website of 

Baviaanskloof Farming community available at  MeteoBlue (MeteoBlue, 2019a) was used in combination with 

stakeholder consultation to  determine the wet and dry seasons.  

 

 

2.5.   Accuracy of the image classification affected by dry and wet season 

 

Sentinel-2 images were downloaded and pre-processed as described in section 2.3. This time images were downloaded 

for wet (March) and dry (August) seasons and a supervised classified separately using the five-band combination with 

eleven classes. Bands 2,3,4,8, and 11 were used. The accuracy assessment reports were compared to determine the 

influence of season on classification accuracy. 

 

 

 

Designs Description 

Design A .1 Layer stack image of Bands 8,11 and 4 classified with 17 classes for 

dry season original polygon 

Design A.2  Layer stack image of Bands 8, 11 and 4 with 17 classes for dry 

season with improved polygons 

Design B Layer stack image of Bands   8, 11 and 4 with 11 classes for dry 

season with improved polygons  

Design C.1 Layer stack image of Bands 2, 3, 4, 8, 11 with 11 classes for dry 

season   with improved polygons 

Design C.2 Layer stack image of Bands 2, 3, 4, 8, 11 with 11 classes for wet 

season with improved polygons 

Design C.3 Layer stack image of Bands 2, 3, 4, 8, 11 with 11 classes for wet and 

dry season combined with improved polygons 

Design D  Layer stack image of Bands 8, 11 and 4 with 15 classes for dry 

season with improved polygons 

Design E.1 Layer stack image of Bands 2, 3, 4, 8, 11 with 15 classes for dry 

season with improved polygons 

Design E.2 Layer stack image of Bands 2, 3, 4, 8, 11 with 15 classes for wet 

season with improved polygons 

Design E.3 Layer stack image of Bands 2, 3, 4, 8, 11 with 15 classes for classes 

for wet and dry season combined with improved polygons  

Design F Layer stack image of Bands 2, 3, 4, 8, 11 with 5 classes for wet and 

dry season combined with improved polygons  
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2.6.    Land cover classes that can best be distinguished in the wet and dry season 

 

Following from the accuracy reports for wet and dry seasons explained in section 2.5, similar band combinations in 

2.5 above, the class accuracies for the 11 classes were compared. Land cover classes with a class accuracy of greater 

than or equal to 50% were considered distinguishable in any of the seasons. This was done because 50% classification 

gives a 50:50 chance of correctness.  

 

2.7.   Difference of land cover and land cover composition in the intervened and non-intervened areas 

 

To distinguish the difference between Land cover and Land cover composition in the intervened and non-intervened 

areas, the five-band classification for dry season with 11 classes was used. The classified raster image was converted 

to shapefile in ERDAS Imagine. The areas (ha) of each cover class was generated and compared. In addition, a second 

classification was done combining bands from wet and dry seasons and zooming in on Spekboom since it was the 

major focus of the intervention activity. The classification in this case made use of five classes; Dense shrub, high 

Spekboom, Dense shrub, low Spekboom, Open shrub, high Spekboom, Open shrub, low Spekboom and Others. To 

determine whether there is a difference in the percentage cover of Dense shrub, high Spekboom in farms across 

restoration types, the mean area (ha) of each class was extracted from the classified image and used to perform an 

Analysis of Variance (Snyman, 2003) at the 0.05 Alpha level. 

 

 

Also, to determine if there is a significant difference in the extent of land cover fragmentation in farms across 

restoration types, FRAGSTAT was used. FRAGSTAT is a program which analyzes the spatial pattern and quantifies 

any particular space and spatial configuration of land cover types within the landscape (McGarigal, Cushman, & Ene, 

2012). The FRAGSTAT software uses three matrices; which analyses several simple statistics representing area, extent 

and perimeter (or edge) at the patch, class, and landscape levels. However, for this study, the fragmentation was 

analyzed using the patch level matrices.  Patch level matrices were computed for every land cover class in the study 

area using the classified map with five classes. The ratio of total area and perimeter for each cover type were used to 

determine the extent of fragmentation within each intervention. Furthermore, to specifically determine which among 

the restoration types may have influenced the percentages of land cover types and fragmentation across restoration 

interventions, a Tukey Post Hoc test was performed in SPSS. The Post Hoc test is conducted  to further explore the 

data and determine which of the means are significantly different (Verma, 2013). 
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2.8.   Flowchart showing the steps in the study  

          The study was done in six parts, corresponding to the six research questions as shown in figure 2 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Methodological flowchart 
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3. RESULT  

3.1     Restoration activities link to land cover 

 

The identified vegetation structure related to restoration activities is presented in Table 3.  The main vegetation types 

were Forests (7%), Thicket (52%), Fynbos (13%), Low mixed vegetation (10%), Irrigated grass (2%), Rosemary (0.29%) 

and Lavandin (0.23%). Forests were classified into 2 vegetation classes (Dense and Open forest). Forests with greater 

than or equal to 75% cover were classified as dense, while those covering 20-75% were classified as Open forest. Thicket 

were classified into dense and open. Dense thicket includes other shrubs with greater than or equal to 75% cover, having 

less than 10% of Spekboom and less than 50% of Fynbos. On the other hand, Open thicket was divided into 3 groups, 

namely, Open other shrub with 10-75% cover of shrubs, less than 10% of Spekboom and less than 50% of Fynbos. 

Nevertheless, if the Dense thicket class has between 10% and 50% Spekboom, it was classified as Dense shrub, low 

Spekboom; and if Spekboom was higher than 50%, it was classified as Dense shrub, high Spekboom. Dense Fynbos 

under the Vegetation structure of Dense shrub was identified as Shrubs with greater than or equal 75% cover of shrubs, 

less than 10% cover of Spekboom and greater than 50% of Fynbos. Lavandin were classified into Lavandin uniform 

and Lavandin mixed. If there were less than 20% of forest, less than 10% of shrub, Spekboom and fynbos having more 

than 50 % of Lavandin, it is considered as Lavandin uniform, and if it has less 50% cover of Lavandin it will classified 

as Lavandin mixed. The same classification was adopted in Rosemary however instead of using 50 % as a threshold, 

60% has been applied since rosemary occupies a relatively large area of plantation.  If Rosemary has greater than or 

equal 60% cover, it is considered as uniform and if it’s less than 60% then it is mixed.  If there were greater than or 

equal 50% of non-woody vegetation and less than 10 of low woody, it was classified as grass. In addition, if there were 

10-50% low non-woody and greater than 10% of low woody it is classified as low mixed vegetation. Furthermore, if 

there were less 20% of forest and less than 10 % for all vegetation cover class, then it is considered as bare land. 

 

 
Table 3. Vegetation structure classification 
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3.2    Land cover mapping  

 

The land cover map was based on 6 designs types, A, B, C, D, E and F.  Design A.1 and A.2 utilized 17 classes as 

presented in Table 4, with 3 bands combinations. Some land cover classes for A.1 and A.2 designs were completely 

misclassified in the three band combinations, resulting in 0% accuracy.  For Design B, a combination of 3 bands were 

used and the updated polygon with11 class where utilized merging Dense shrub, high Spekboom and Dense shrub, low 

Spekboom into Dense thicket, Open shrub, high Spekboom and Open shrub, low Spekboom into Open Thicket 

generating result higher than Design A.1 and A.2. Subsequently, adding Band 2 and Band 3 for Designs C.1 and C.3.  

and merging four classes of Spekboom into Dense and Open thicket achieved better accuracy than the original 17 classes, 

creating 11 classes in the end.   For Design D, E.1, E.2, E.3, four of the classes which focused on Spekboom were 

included, forming 15 classes from the original 11 classes and applying 5 band combinations. This still produced lower 

accuracy compared to Designs which utilized 11 classes using the same 5 band combinations. Moreover, design E.2 with 

15 classes and C.2 with 11 classes generated lower accuracy, with zero values for Dense thicket for wet season. 

Consequently, Design F with 10 band combinations of wet and dry season using 5 classes which focused on Spekboom 

class generated the highest overall accuracy with 85%. Figure 5 shows the classified image of Baviaanskloof and its 

corresponding accuracy in Table 4.  Table 5 shows the vegetation types under the different land cover mapping schemes. 

The Spekboom were best classified in design F with class accuracies of 28.6%, 50.0%, 100% and 33.3% for Dense shrub, 

high Spekboom, Dense shrub, low Spekboom, Open shrub, high Spekboom and Open shrub, low Spekboom 

respectively. The overall classification accuracy of is 85%. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Land cover   map of Baviaanskloof 2018 based on design F  

with 11 Land cover using 5 band combinations 
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 Table 4. Accuracy of classified image for the six design types  

 

 

 

 

 

 

 

 

 

 

    (Note: ‘na’ refers to not applicable) 

 
Table 5. Vegetation types under the different land cover mapping schemes 

Variation type of 

vegetation class  

List of vegetation class  

17 (1) Dense Forest (2) Open Forest (3) Dense shrub (4) Dense shrub, high Spekboom (5) 
Dense shrub, low Spekboom (6) Dense Fynbos (7) Open other shrub (8) Open shrub, high 
Spekboom (9) Open shrub, low Spekboom (10) Open Fynbos (11) Lavandin uniform (12) 
Lavandin mixed (13) Rosemary uniform (14) Rosemary mixed (15) Grass 
(16) Mixed low vegetation (17) Bare 

12 (1) Dense shrub no Spekboom (2) Open shrub no Spekboom (3) Dense shrub, high 

Spekboom (4) Dense shrub, low Spekboom (5) Open shrub, high Spekboom  

(6) Open shrub, low Spekboom (7) Dense Fynbos (8) Open Fynbos (9) Bare (10) Lavandin  

(11) Rosemary (12) Forest 

5 (1) Dense shrub, high Spekboom (2) Dense shrub, low Spekboom (3) Open shrub, high 
Spekboom (4) Open shrub, low Spekboom (5) Others  
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3.3    Determining the seasons 

 

Figure 4 shows that September 2018 received the highest precipitation while May 2018 received the least. In 2018, the 

dry season ended in August with precipitation of less than 20mm., while the wet season commenced in September 2018 

and is meant to last till April 2019.   The trend of precipitation between February and March 2018 was consistently 

increasing, while the month of May registered the lowest precipitation. It could be deduced that May was the driest 

month in 2018. 

 

 

 

 

 

 

 

 

 
Figure 4. Precipitation trend in Baviaanskloof (MeteoBlue, 2019b) 

 

3.4   Accuracy of the image classification affected by dry and wet season 

  

Table 6 shows the classification accuracy report for the dry and wet seasons for the C3 and C2 designs respectively.  

The comparison of the dry and wet season reveals the number of correctly classified points and indicated that the 

image taken during dry season (August 2018) has higher overall accuracy and user’s accuracy than the wet season image 

(March 2018) using 11 classes. 

 
Table 6. Accuracy report for dry and wet seasons 

  Dry season Wet season 

Class Name Reference 
Totals 

Producers 
Accuracy 

(%) 

Users 
Accuracy 

(%) 

Producers 
Accuracy 

(%) 

Users 
Accuracy 

(%) 

Bare 10 30 27 50 29 
Open Fynbos  10 20 29 29 67 
Dense Fynbos 7 14 50 76  30 
Dense Thicket 17 59 37 23 50 
Forest 23 43 91 47 35 
Irrigated grass 17 59 59 33 40  
Lavandin 6 33 68 35 26 
Low Mixed vegetation   17 68 42 20 40 
Open Thicket  25 64 42 40 2 
Rosemary  15 20 100 13 100 
Shadow 20 100 91 60 100 

Total 167    
Overall Classification Accuracy 52 % 32% 
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3.5   Land cover classes that can be distinguished in the wet and dry season 

   

Table 7 shows the land cover classes that can best be distinguished in the wet and dry seasons. The minimum 

acceptable class accuracy considered in this study is 50% because below this accuracy, some important land cover 

classes like Lavandin and Rosemary would not be considered for further analysis, since the result will mean they are 

not detected. Based on the 50% minimum class accuracy, Forest, Lavandin, Rosemary, Irrigated Grass and Dense 

Fynbos were assumed classified in the dry season. In the wet season, only two land cover classes were distinguished 

with an accuracy greater than or equal to 50%. The classes are Dense Fynbos and Forest.   

 

 
Table 7. Land cover class that can be distinguished during wet and dry season 

 
 

 

 

 

 

 

Figure 5 shows the land cover maps generated from images captured in the dry and wet seasons. The area (ha) covered 

by the different land cover types were different for the wet and dry seasons. For example, the land covers with class 

accuracy greater than or equal to 50% delineated in the dry season map were Forest (91% class accuracy), Dense 

fynbos (50% class accuracy) with a total area of 8913 and 8503 ha respectively. In the wet season, Forest (50% class 

accuracy), Dense fynbos (67% class accuracy) with a total area of 21296 and 3909 ha respectively. The land cover 

delineated in the dry season has a visible pattern whereas the land cover classes in the wet season has a ‘salt and 

pepper’ effect (Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

 

Dry   Season  Wet Season  

Class Name Accuracy      Class Name Accuracy  

Dense Fynbos  50 Dense Fynbos  67 

Forest  91 Forest  50 

Irrigated grass  59   

Lavandin                                         68   

Rosemary                                       100   
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Figure 5. Classified map of dry and wet season based on C3 and C2 designs with 52 % and 32 %   

overall accuracy respectively 

 

.  
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3.6. Difference of land cover and land cover composition in the intervened and non-intervend area 

 

The quantitative difference between land cover composition in intervened and non-intervened areas was based on the land 

cover map from design C3 and F. The land cover composition in the intervened and non-intervened areas estimated from 

the classified map from design C3 (52% overall accuracy) with 11 classes is shown in Table 8 below. 

 
Table 8. Land cover composition in intervened and non-intervened area with 12 class 

Class Intervened Area Non-Intervened Area 

 Area (ha) Area (%) Area (ha) Area (%) 

Dense shrub no Spekboom 775 5 5486 15 

Open shrub no Spekboom 2406 14 4011 12 

Dense shrub, high Spekboom  1134 7 952 3 

Dense shrub, low Spekboom  249 1 3749 11 

Open shrub, high Spekboom  329 2 1182 5 

Open shrub, low Spekboom  873 5 8571 23 

Dense Fynbos 325 2 1996 5 

Open Fynbos  323 2 120 0 

Bare 9517 57 4105 9 

Lavandin  28 0 3195 9 

Rosemary 20 0 56 0 

Forest  657 4 2855 8 

 

The total non-intervened area was larger than the intervened area, and the area of land cover types were different in the 

intervened and non-intervened area. The areas of Dense shrub with no Spekboom, Open shrub with no Spekboom, 

Dense shrub, low Spekboom, Open shrub, low Spekboom are lower in intervened area compared to the non-intervened 

area. On the other hand, only Dense shrub, high Spekboom covered much more area in the intervened area compared to 

the non-intervened area. 

 

Open shrub with no Spekboom covers only 2406 ha, while the rest of land cover classes cover less than 10 % of all 

intervened area. The most common class in the non-intervened area was Open shrub, low Spekboom which covers 8571 

ha of the Non-Intervened areas, Dense shrub, no Spekboom with 5486 ha cover, Open shrub with no Spekboom 4011 

ha and Dense shrub, low Spekboom with 3749 ha.  It is apparent that based on the 11 classes, there were more occurrence 

of land cover classes in the Non- intervened, compared to intervened area.  

 

In the case of design F (Spekboom class with 85 % overall accuracy), the land cover composition in intervened and non-

intervened areas is presented in Table 8. The result shows that in the intervened area, the dominant land cover class is 

Open shrub, high Spekboom which covered 841 ha, while Dense shrub, low Spekboom covered only 224 ha.  Moreover, 

in the Non-intervened area Dense shrub, low Spekboom and Open shrub, high Spekboom covered less than the area of 

Spekboom in the intervened areas. The result shows that there was more occurrence of Spekboom in the intervened areas 

compared to Non-intervened areas.  

 

 

 

 

 



 

18 

 
Table 9. Land cover composition in intervened and non-intervened with focus on Spekboom class 

 

 

 

 

 

 

 

 

 

Figure 6 and Figure 7 shows the spatial distribution of the thicket cover classes in non-intervened area and 

intervened area.  Open shrub, high Spekboom occupied 10 % with 841 ha of intervened areas whereas 923 ha of 

Non-intervened area where it covers only 0.9% 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6.  Land cover map showing the composition in non-intervened areas 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
Figure 7.  Land cover map showing the composition in intervened areas 

Class  Intervened Area Non-Intervened Area 

 Area (ha) Area (%) Area (ha) Area (%) 

Dense shrub, high Spekboom 10 0.12 5367 5 

Dense shrub, low Spekboom 228 3 823 0.8 

Open shrub, high Spekboom        841 10 923 0.9 

Open shrub, low Spekboom  313 4 3698 4 

Others  7058 84 86989 89 
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Table 10 shows the percentage of Spekboom classes under five restoration type. It was apparent that under 

Fenced/Revegetation/Livestock exclusion Dense shrub, high Spekboom covers higher percentages with 29% while 

in other restoration types it does not perform well. Moreover, Open shrub, low Spekboom with 22% occupies higher 

percentage in Revegetation intervention type while 24% cover of Open shrub, low Spekboom dominated 

Revegetation/Livestock Exclusion restoration type.  

 
    Table 10. Land cover percentage under different restoration type 

 

 

The percentage of Spekboom classes under the four restoration types plus non-restoration types are presented in 

Table 10. It is apparent from Table 10 that under Fenced/Revegetation/Livestock exclusion the Dense shrub, high 

Spekboom class occupy higher percentages with 29% while in other restoration types such as Livestock exclusion, 

Revegetation, Revegetation and Livestock exclusion and Non-restored it does not perform well. Moreover, Open 

shrub, low Spekboom occupies higher percentage (22%) in Revegetation intervention type while Open shrub, low 

Spekboom dominated Revegetation/Livestock Exclusion restoration type (24%). The ANOVA test results show with 

95% confidence that there is a significant difference in the percentage cover of Dense shrub, high Spekboom across 

the restoration types (p=0.001).  

 

A comparison of land cover class fragmentation accross restoration interventions (Figure 8) shows that  Open shrub, 

low Spekboom is highly fragmented under Fenced/Revegetation/Livestock Exclusion restoration intervention.  

Dense shrub,  high Spekboom, Dense shrub, low Spekbom, Open shrub, high Spekboom are more clustered in the 

Fenced/Revegetation/Livestock Exclusion  restoration intervention compared to other restortion interventions. 

Among the 5 restoration types, it is apparent that Livestock Exclusion and non-restored intervention  showed high 

fragmentation for all land cover class  across restoration type.  
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Figure 8.  The level of  land cover  class fragmentation under different restoration type 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ANOVA test was conducted to determine whether there was a significant difference in the fragmentation of 

Spekboom across different intervention types was positive. It showed that there was a significant difference in the level 

of fragmentation across interventions at the 95% confidence level (p=0.02). The null hypothesis which stated that there 

is no significant difference between the level of fragmentation across intervention type, was therefore rejected. In 

addition, the same method was used to investigate a difference in the percentage cover of Open shrub, low Spekboom 

in farms across restoration types. The results show that there is no significant difference in the percentage cover of Open 

shrub, low Spekboom in farms across restoration types (p=0.06).  

 

The results of Post hoc comparison (Table 10) using the Turkey HSD test at 95 % confidence level, specifically 

investigated the intervention types to determine which intervention had a significantly different degree of Spekboom 

fragmentation and percent land cover.  
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Table 11. Post hoc tests showing the variation in the level of land cover fragmentation across different restoration types, 
and the difference in percentage cover of dense shrub, high Spekboom 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The post hoc test reveal that the % cover of Dense shrub, high Spekboom in the Fenced intervention is significantly 

higher compared with the % cover of Dense shrub, high Spekboom in the other interventions at the 95% confidence 

level. Also, the fragmentation in the fenced intervention is lower compared to other interventions, and significantly 

lower (p < 0.05) compared to the fragmentation in the Livestock exclusion and Non-restored interventions at the 

95% confidence level.  In the case of the Livestock exclusion, the % cover of Dense shrub, high Spekboom is lower 

compared to the Non-restored intervention, and higher than in the Revegetation and Revegetation/ livestock 

exclusion interventions. However, these differences are not significant.  The level of fragmentation under Livestock 

exclusion is lower compared to the Non-restored, and higher compared to the Revegetation and Revegetation/ 

livestock exclusion interventions. Nevertheless, the fragmentation in Livestock exclusion is only significantly higher  

 

Restoration Types  Restoration Types (N=5)  

% cover of Dense 

shrub, high Spekboom    

(P value) 

Fragmentation 

level 

 (P value) 

Fenced Livestock exclusion .01 .02 

Non-restored .00 .01 

Revegetation .00 .44 

Revegetation/ livestock exclusion .00 .82 

Livestock exclusion Fenced .01 .02 

Non-restored .82 .65 

Revegetation .36 .09 

Revegetation/ livestock exclusion .50 .03 

Non-restored Fenced .00 .01 

Livestock exclusion .82 .65 

Revegetation .12 .04 

Revegetation/ livestock exclusion .25 .01 

Revegetation Fenced .00 .44 

Livestock exclusion .36 .09 

Non-restored .12 .04 

Revegetation/ livestock exclusion .89 .59 

Revegetation/ 

livestock exclusion 

Fenced .00 .82 

Livestock exclusion .50 .03 

Non-restored .25 .01 

Revegetation .82 .59 
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than the fragmentation in the Revegetation/ livestock exclusion at the 95% confidence level. For the Non-restored 

area, the % cover of Dense shrub, high Spekboom is higher compared to the Revegetation and Revegetation/ 

livestock exclusion interventions. Still, the difference is not significant. The fragmentation in the Non-restored area 

is higher than the fragmentation in the intervened areas but this higher fragmentation in the Non-restored areas is 

only significant in the case of Fenced, Revegetation and Revegetation/ livestock exclusion interventions. The % 

cover of Dense shrub, high Spekboom in the Revegetation intervention is lower compared to all other interventions, 

and significantly lower compared to the cover in the Fenced intervention at the 95% confidence level. The 

Revegetation intervention is less fragmented compared to Livestock exclusion Non-restored interventions, but 

more fragmented compared to the Fenced and Revegetation/ livestock exclusion. The % of Dense shrub, high 

Spekboom cover in the Revegetation/livestock exclusion is lower compared to the Fenced, Livestock exclusion 

and Non-restored areas, and significantly less fragmented compared to Livestock exclusion and Non-restored areas 

p<0.05. 
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4. DISCUSSION 

This section discusses the results of the study with relevant scientific literature. The section is divided into three 

subsections with focus 1. Restoration impact in the Baviaanskloof, 2. Reflection on Methods, 3. Land cover mapping 

to assess restoration impact  

  

4.1.1. Restoration impact in the Baviaanskloof  

 

Land managers need sound, evidence-based information about land degradation patterns and about the effectiveness 

of their management responses towards land restoration. One of the major aims of this study was to explore the use 

of remote sensing to evaluate the performance of restoration interventions, as an objective means of guiding sound 

decision making by the Common Lands.  An interesting finding in this study is the relationship between intervention 

types and the land cover fragmentation. The significantly higher percent cover of Dense shrub, high Spekboom, and 

the significantly lower fragmentation in the Fenced compared to other interventions mean that the fenced intervention 

is performing better. This is evident from the field work survey conducted.  Some farmers who allotted a portion of 

their land for the implementation of Fenced/Revegetation/Livestock exclusion experienced less fragmentation. 

Moreover, in the case of Zandvlakte farm where an entire land was allotted for restoration under 

Fenced/Revegetation/Livestock exclusion, Spekboom grows more than 4-5 meters tall with very low fragmentation. 

In addition, to the performance of Spekboom in this intervention, other vegetation types also thrived well.  Some 

interventions may have impact but not as evident when compared to Fenced/Revegetation/Livestock exclusion. 

Although the classification accuracies obtained in this study are relatively low. The study provides stakeholders with 

an insight into the performances of intervention types. Also, the study provides foresight on the main vegetation 

classes relevant for monitoring restoration intervention in the area. However, among the overall intervention only 

Fenced/Revegetation/Livestock exclusion intervention measure is giving better results.  

 

4.1.2. Reflection on Methods  

 

Remote sensing has been widely used for monitoring due to its wide coverage. It has become one of the important 

sources of acquiring accurate and regular information on the ecosystem (Otukei & Blaschke, 2010). Land cover 

mapping methods depend mostly on the variations in spectral characteristics of the landscape to distinguish vegetation 

types (Feleke, 2003).  Obtaining such information is difficult and costly with only field work particularly if the area to 

be monitored is large.  This work corroborates the works of (Meroni et al., 2017; Norman et al., 2014), advocating 

for the capability of remote sensing to provide accurate and up to date information on the performance of 

management activities. The Supervised image classification using maximum likelihood algorithm was used in this 

study. Although, the Maximum Likelihood is good as has been supported by studies  Bakx et al., (2013), Bailey et al., 

(2016) , this classifier needs a large amount of field data for proper classification which was not the case for all cover 

types in this study. Several studies have shown the benefits of using Supervised classification utilizing Maximum 

likelihood algorithm.  

 

The accuracy of the classification is however dependent on  the number of training samples, the spectral distinctness 

of the classes and the skill of the individual processing the image.  If the training data is poor or not well representative 

of each cover class, the classification results will also be poor, and these can be observed in some of the classes that 

are not well represented during image classification using different band combinations with more than 5 classes.   
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Vegetation stratification needs to be done prior to field work and concluded after field work, with enough data to 

validate it. On the other hand, the vegetation structure classification utilized visual estimates or cover estimates. In 

line with the work of  De Oto (2017), the vegetation classification structure in this study was based on percentages 

of different land cover classes. However, the structural stratification was very detailed, but the field data to support 

the classification was limited and could be blamed for the low classification accuracies recorded. 

 

The image for the dry season was taken in August 2018 and for wet season an image was captured in March 2018 and 

used as basis for land cover mapping.  Six designs were performed systematically to classify the image using several 

band combinations in an attempt to differentiate various land cover classes accurately. The results show that seasons 

influence the accuracy of image classification.  During dry season 52% overall accuracy were obtained while in wet 

season the accuracy produced was 34% using 5 band combinations Band 11, 2,3,4 and 8 with 11 classes to obtain 

better accuracy result.  Comparing the individual performance of land cover classes during wet season, confusion 

between Low Mixed vegetation, Forest, Lavandin, Irrigated grass, Open shrub, low Spekboom, Open Fynbos and 

Open Thicket becomes apparent as the classes are mis-classified into other classes due to similarity in spectral 

reflectance. According to the study of  Jacob, Bonnell, Dowhaniuk, & Hartter, (2014) and  Schmidt & Skidmore 

(2003) if there are more than two vegetation types having the same biochemical structure this will result to overlapping 

of light absorption and reflectance features making it more difficult to discriminate during image classification.  

 

However, the classified land cover maps for wet and dry season were the basis for determining land cover types 

affected by seasonal variation.  For this reason, and due to the fact that Spekboom is the main focus of the 

intervention, this study zoomed into the Spekboom class: Dense shrub, high Spekboom, Dense shrub, low Spekboom, 

Open shrub, high Spekboom and Open shrub, low Spekboom. The classification accuracy consequently increased 

drastically to 85%. The increase may be attributed to the reduction in the number of land cover classes and the use 

of 10 band image, obtained by combining bands from the wet and dry seasons.  

 

The result from integrating the 10-band from wet and dry season of Sentinel 2 provides better result compared to 5 

band combinations (Figure 7). The combination of image bands from wet and dry seasons must have enhanced the 

differentiation in land cover classes as would have been the case when using multi-temporal images. This is in line with 

the assertion of  Gašparović & Jogun (2018) that the combination of  Sentinel 2 bands images improves the overall 

classification accuracy, particularly in pixel-based classification relative to land cover classification.   

 

To analyse the difference in land cover composition across restoration types, an ANOVA test was performed.  The 

results show a significant difference in the % cover fragmentation of Dense shrub, high Spekboom across interventions 

at the 95% confidence level.  In line with a priori expectations, this result mean that the different interventions 

performed relatively differently, in terms of cover extent, and the level of fragmentation. Also, the Tukey's honestly 

significant difference (HSD) Post Hoc test was performed to investigatetest the best performing restoration 

interventions. The significantly higher % cover of the Dense shrub, high Spekboom, and lowest fragmentation values 

in the Fenced intervention compared to the others means it performs the best.  

 

To further understand the spatial relationship of Spekboom across different restoration type implemented in 

Baviaanskloof, Landscape metrics were calculated using FRAGSTAT.   The result of this study shows that using patch 

metrics of FRAGSTAT provides information on which patch type are fragmented across the restoration interventions. 

The analyses produced information that engendered a better understanding on the complexity of changing landscapes 

due to development, which causes biodiversity loss relative to land use and land cover change.  
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This study was able to look at the performance of interventions based on extent of fragmentation. This is an important 

quality that describes ecosystem functioning. From this analysis, it was possible to deduce that the fenced intervention 

restores the area both in percent cover and also in function, since fragmentation was very low. 

 

The results of this study revealed the influence of season on the classification accuracy of land cover classification, 

with dry season enhancing classification accuracy more than the wet season. Although the study of Liu et al., (2016) 

used Landsat imagery, he demonstrated that classification of dry season images results in better accuracies compared 

to wet season images. He further reported that time series data could improves the overall accuracy compared to single 

data images taken in dry season and wet season. This is in line with the present study which combined image bands 

from wet and dry season and got a better accuracy. However, this study did not use multitemporal data. Vuolo et. al., 

(2018)  used Sentinel 2 images for vegetation classification and noted that, the highest overall accuracy of 95% was 

achieved with images taken in July, when summer crops are at full growth development. There is a possibility that the 

time of image capture in this study is not appropriate for distinguishing the characteristic restoration species in 

Baviaanskloof. 

  

The results of this thesis, however, contributes to the understanding of Sentinel-2 imagery capabilities for monitoring 

land cover change to evaluate restoration interventions.  Nevertheless, higher resolution images could produce better 

results. The integration of UAV and satellite information could also be a promising alternative which can be 

considered for future use. There are still unanswered questions about this study, for instance, if the inclusion of Red 

Edge position Bands 5, 6 and 7, utilization of other algorithm method for image classification, and time series of 

Sentinel-2 data might significantly influence the accuracy of land cover classification. 

 

4.1.3. Land cover mapping to assess restoration impact  

 

Land managers need sound, evidence-based information about land degradation patterns and about the effectiveness 

of their management responses towards land restoration. Obtaining such information is particularly difficult if the 

area to be monitored is large and conducting field validation survey is time consuming. One of the major aims of this 

study is to evaluate the performance of restoration interventions, as an objective means of guiding sound decision 

making by the Common Land. The results corroborates the works of (Meroni et al., 2017; Norman et al., 2014), 

advocating that remote sensing has the capability of  providing accurate and up to date information on the 

performance of management activities. 

 

Using multispectral data, the work of Nagler, Glenn, & Huete, (2001) showed that vegetation indices are most simply 

related to the % of vegetation cover, and could be good to evaluate changes in the pattern of greenness of riparian 

area, as a measure of the effectiveness of intervention activities. However, this study explored band combinations and 

reveals their utility and effectiveness in evaluating the performance of restoration activities. In addition, this work 

exposes the dimension of restoration success in terms of vegetation cover and fragmentation extent as a proxy to 

biodiversity and ecosystem function restoration. Such a result will guide stakeholders as to which intervention 

produces more biodiversity and ecosystem functions, as well as which areas are most suitable for the different 

vegetation types used in the restoration interventions.  

 

The study can be used as a basis for the farmers and stakeholders project implementors to select the best method or 

technology that can be effectively implemented in the degraded thicket. This will also pave the way to understand the 

range of degradation of land cover in intervened and non-intervened areas which are fundamental in restoring 

fragmented ecosystem.  Spekboom is a keystone species in the area that gives habitat for many organism and is being 

used as key species for restoration intervention.  
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The result shows that the restoration type adopted affects the land cover composition, with reference to the Dense 

shrub, high Spekboom and Dense shrub, low Spekboom. Moreover, the result reveals that the extent of fragmentation 

in Fenced/Revegetation/Livestock exclusion is significantly lower compared to fragmentation in Revegetation and 

Revegetation/Livestock exclusion.  Fragmentation in Non-Restored area is significantly higher compared to other 

restoration types. This can be attributed to the characteristic of the intervention type such as constructing fences to 

protect from animal and human intrusions, planting of spekboom and removing of livestock in the area. 

 

In addition, if the magnitude of fragmentation is higher, this will result to less favourable environment making the 

habitat unfavorable for some organism.  This ascertain that there is a relationship between the restoration type 

implemented and the fragmentation of land cover class across restoration types. Among five restoration type 

implemented Fenced/Revegetation/Livestock exclusion is considered to be effective, however, the probability of 

poor soil condition, the presence of rocks and the aspect influenced the growth development of Spekboom as 

observed  during field work validation and this  manifested in an area located at Damsedrief  were the survival of 

Spekboom is low. Harris et. al, (1996) cited that there were several factors that may attribute to the failures of 

restoration interventions such as (1) low cost/benefit ratio in the short-term; (2) unfavourable climatic and physical 

factors; and (3) absence of proven techniques that land users can refer to. For that reason, implementing alternative 

methods to regenerate the ecosystem apart from planting Spekboom, Lavandin and Rosemary needs to be explored 

in the future.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

27 

5. CONCLUSION AND RECOMMENDATION  

This study sets out to map and analyse land cover in the Baviaanskloof based on cover classes that are relevant for 

evaluating restoration success. This was done through using a Sentinel-2 band satellite imagery with field data. The 

results reveal that freely accessible and relatively high-resolution Sentinel-2 imagery has adequate capability for mapping 

land cover for evaluating restoration success., with a classification accuracy of up to 85%. The key findings are 

presented below. 

 

1. There were 17 land cover classes identified in Baviaanskloof, out of which six classes were used for restoration 

intervention. The land cover types used in the interventions include: Dense shrub, high Spekboom, Dense 

shrub, low Spekboom, Open shrub, high Spekboom, Open shrub, low Spekboom, Lavandin and Rosemary. 

However, for design F, the image classification gives emphasize on Spekboom class. Spekboom is a keystone 

species in the area, as it provides habitat for many organism and is being used as key species for restoration 

intervention. On the other hand, Lavandin and Rosemary were used as alternative livelihood for farmers in 

exchange for implementing restoration interventions.      

 

2. In identifying the current spatial distribution in the area, there were six design types systematically implemented 

for image classification, to assess the possibility of accurately differentiating different land cover classes within 

the study area. However, 3 bands and 5 band combinations generated lower accuracy whereas the combination 

of 10 bands from wet and dry season produced higher overall accuracy of 85 % with focus on Spekboom class 

such as: Dense shrub, high spekboom, Dense shrub, low spekboom, Open shrub, high Spekboom and Open 

shrub, low Spekboom.  

 

3. The period of dry season spans from May to August; with May being the driest month with the lowest 

precipitation recorded. On the other hand, the wet season commenced in October and ended in April, but the 

wettest month, during which precipitation trend is most consistent is March.  

 

4. The result of this study shows that seasons influence the accuracy of the image classification. In the dry season 

the classification accuracy was 52% while in wet season it decreased to 32%.  

 

5. The land cover classes that can best be distinguished during dry season are Dense Fynbos, Forest, Irrigated 

grass, Lavandin and Rosemary while in wet season only Forest and Dense Fynbos were effectively 

distinguished.  

 

6. The result of this study shows that there were more occurrence of different land cover type in the non-

intervened area compared to intervened area.  As such, land cover diversity was greater in the non-intervened 

areas. In design F, with focus more on Spekboom, the land cover which did not focus on Spekboom were 

merge into ‘Other’ class.  Evidently, the “other” class amounted to a total of 86989 ha in the   in non-intervened 

(89%), whereas its extent amounted to only 7058 ha in the intervened area (84%). 

 

7. Further studies may still be necessary in order to improve the quality of the results of this research. It may be 

necessary to explore the potentials of the red edge bands of Sentinel-2 to improve the precision and accuracy 

of the land cover classification. Also, other land cover classification algorithms like, Random forest, Random 

Tree or Support Vector machine classifiers and time series of Sentinel-2 data may be assessed to determine 

whether they can improve accuracy with minimal investment in field data and time.  
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