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Abstract  

Invasive alien plant (IAP) species pose a major threat to biodiversity in the Western Cape 

Province. A typical example of an area facing this pressure is the Klein Swartberg mountain 

where the endangered fauna is particularly threatened. As the clearing of these species is very 

costly, the mapping of IAP species can assist in understanding the extent of the problem and the 

costs of clearing. The use of the Satellite Pour l’Observation de la Terre 6 (SPOT 6) pan-

sharpened images was tested for the mapping of IAP species, in particular Pinus spp. trees, using 

supervised classification based on decision rules. The study area was burnt in early 2012 and 

therefore the classification was tested on only a small site (172.4ha) where the trees survived and 

where some recovery of the natural veld had already occurred. The accuracy assessments 

performed on the resulting thematic map had an overall accuracy of 84% with a kappa coefficient 

of 0.68. This finding suggests that mapping Pinus spp. in mountainous areas using the traditional 

supervised classification is possible using SPOT 6 images.  

 

1. Introduction 

Invasive alien plant (IAP) species are a major threat to biodiversity and are spreading to the 

extent that they cause ecological and economic harm (Chornesky & Randall, 2003). This harm or 

disturbance includes the suppression of indigenous species (Vitousek et al., 1997; Chornesky & 

Randall, 2003; Richardson & van Wilgen, 2004). In the Western Cape Province one of the most 

extensive and dense-growing IAP species is the Pinus species (in particular Pinus pinaster 

although various other Pinus spp. are present) (Figure 1) (Richardson, 1998; Richardson & 

van Wilgen, 2004). This species is a particular problem at this study area in the Klein Swartberg, 

an isolated mountain area in the Western Cape Province. 

 

The Western Cape Nature Conservation Board (trading as CapeNature) receives funding from 

the Department of Environment Affairs (DEA) National Natural Resource Management 

Programme, formally known as Working for Water (WfW) for the clearing of invasive alien 

plants, invasive fauna management, and wetland restoration projects.  
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Figure 1. A photograph of a Pinus pinaster, the dominant Pinus spp. in the study area. 

 

WfW is mandated with the eradication of IAPs (Van Wilgen et al., 1998; Enright, 2000). The 

clearing of IAP species is very costly and it is, therefore, very important to understand the extent 

of the infestation and prioritise clearing efforts (Marais et al., 2004; Marais & Wannenburgh, 

2008). In order to issue clearing contracts to eradicate the IAP species, a detailed map is required 

of the extent of the infestation. Due to the topographical complexity of mountainous areas, it is not 

efficient to map the distribution of IAP species throughout the area using direct field observation 

methods. Remote sensing provides a suitable mapping alternative for Pinus spp. in mountainous 

environments as was demonstrated by Alonso-Benito et al. (2012) who used very high resolution 

WorldView-2 imagery to map this species. 

 

Since the Klein Swartberg is not a declared nature reserve and therefore not managed by 

CapeNature, it is not routinely mapped by CapeNature. It is thus also representative of the largest 

part of the province (i.e. all land not declared as protected areas) which is also not routinely 

mapped at fine spatial scale. This is of major consequence as efficient IAP mapping is essential for 

strategic planning of clearing priorities and operations.  

 

2.  Study site 

The Klein Swartberg is an isolated mountain area of 12 272.6ha in the Overberg district 

completely surrounded by agricultural land. The study area falls near the town of Caledon and runs 

north of the N2 national road with an east to west extent of approximately 20km (Figure 2). The 

research was conducted on only a small part of the study area (172.4ha) due to a fire in the area on 

21 and 22 January 2012. This small study site represents the largest continuous natural area where 

the adult Pinus trees were not destroyed. 
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Figure 2. Location of the Klein Swartberg study area (bold black dotted line) and the smaller 

site classified (purple). 

 

This mountain is known for its biodiversity and International Union for Conservation of Nature 

(IUCN) red listed threatened species (IUCN, 2013), most notably the rough moss frog 

(Arthroleptella rugosa). The IAP species invasion, in particular Pinus spp. with densities of up to 

50% in parts (CapeNature, 2013), poses a major threat to the habitats for the rough moss frog. Due 

to the isolation of the mountain, there are no corridors through which the species can migrate to 

new habitats if the natural vegetation is degraded with IAP species. The impact of the IAP species 

cause changes in the ecological communities and reduce their biodiversity (Richardson & 

van Wilgen, 2004).  

 

The vegetation of this study area is dominated by the „Critically Endangered‟ Overberg 

sandstone fynbos (conservation status calculated in 2009), with „Vulnerable‟ Greyton shale 

fynbos, and „Least Threatened‟ Western coastal shale band vegetation also present (Mucina & 

Rutherford, 2009; Rebelo et al., 2010). The Overberg sandstone fynbos covers 70% of the Klein 

Swartberg study area. These vegetation types fall within the broader fynbos biome.  

 

3.  Materials and Method 

The main aim of this study is to assess SPOT 6 image suitability to map adult Pinus trees. 

Rather than using imagery, such as IKONOS and WorldView-2 (Alonso-Benito et al., 2012; 
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Immitzer et al., 2012; Pu & Landry, 2012) for which a conservation agency has little budget, the 

method is applied to a SPOT 6 image which was acquired through the “Astrium GEO-Information 

Services and South African National Space Agency‟s Earth Observation (SANSA EO) Innovation 

Community in South Africa Initiative” (Astrium, 2013b; SANSA EO, 2013). Due to the limited 

research time available from date of receipt of the SPOT 6 imagery, field validation to verify the 

results was not possible. This research caveat is acknowledged. However, expert knowledge 

gained during previous projects where Pinus spp. were mapped has enabled the researchers to 

identify the species using high resolution aerial photography (0.5m resolution), provided by 

Chief-Directorate: National Geospatial Information (CD:NGI). For example, in Figure 3 it can be 

seen that aerial photography can be used to identify Pinus spp which were identified in the field. 

 

 

Figure 3. The clump of Pinus trees indicated on the photo taken on 3 January 2011 (a) is clearly 

visible and identifiable from aerial photograph with a spatial resolution of 0.5m (b). 

 

SPOT 6 imagery consists of four multispectral bands with a six meter resolution: blue (0.450-

0.520μm), green (0.530-0.590μm), red (0.625-0.695μm), and near infrared (0.760-0.890μm), and a 

panchromatic band with a 1.5m resolution (0.450-0.745µm) (Astrium, 2013a). The spatial and 

spectral resolution of imagery such as WorldView-2 images used by Immitzer et al. (2012) is 

superior to that of SPOT 6, however, it has been established that the most useful spectral bands for 

this mapping exercise are those WorldView-2 bands which overlap the SPOT 6 bands (blue, green, 

red and near infrared) (DigitalGlobe, 2012; Immitzer et al., 2012). Further, the pan-sharpening 

option available due to the inclusion of high resolution panchromatic band in SPOT 6, allows the 

spatial resolution to be sharpened to such a point (1.5m) that it may be possible to map Pinus spp. 

The pan-sharpening interpolates image sources with different characteristics and resolutions, 

improves the interpretation capabilities and increases the reliability of the image classification 

results (Pohl & van Genderen, 1998). 

 

The SPOT 6 image, captured on 20 March 2013, was received as an orthorectified JPEG2000 

file in a Universal Transverse Mercator (UTM) projection, zone 34 south. Further, the 

multispectral bands with a resolution of six meters had been pan-sharpened to a resolution 

(a) (b) 
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of 1.5m. Although atmospheric correction should be performed when using multi-date imagery for 

classification (Elmahboub et al., 2009), no further pre-processing was deemed necessary in this 

instance, as the classification is based on a single date image negating the need for atmospheric 

correction.  

 

Supervised classification based on decision rules was used to map Pinus spp. from the SPOT 6 

image. Due to recent fires in this area (early 2012), the method was tested in only a small area of 

172.4ha where most of the adult Pinus trees survived the fire. This study is only concerned with 

the mapping of Pinus and thus the classification of other land-covers is superfluous. This is similar 

to research by Singh et al. (2013) when mapping bracken fern (Pteridium aquilinum [L.] Kuhn). 

Thus the resulting classification map is binary, simply indicating either the presence or absence of 

Pinus spp. with assigned class names of „Pinus‟ and „non_Pinus‟ respectively. However, in this 

study site, those areas without the presence of Pinus spp. are represented by two spectrally distinct 

vegetation covers which were thus included as two spectrally distinct classes for the purposes of 

the classification. The spectral reflectance patterns of these classes are shown in Figure 4. The 

spectral profiles were created using the mean pixel value for each class across the blue, green, red, 

and near infrared bands. Therefore the „non_Pinus‟ class was created post-classification by 

merging „non_Pinus_1‟ (background vegetation with a low near infrared reflective properties) 

(Figure 4b) with „non_Pinus_2‟ (vegetated areas, possibly wetlands, with high near infrared 

reflective properties) (Figure 4c) resulting in the „Pinus‟ and „non_Pinus‟ binary map.  

 

 

Figure 4. Mean spectral profiles (pixel values per spectral bands) of the three classes used; (a) 

Pinus, (b) non_Pinus_1, and (c) non_Pinus_2. The square dots indicate the mean pixel value 

per spectral band and the solid lines indicate the standard deviation.  

 

The classification was trained using 30 sample sites, with 10 sites for each class („Pinus’, 

„non_Pinus_1‟ and „non_Pinus_2‟). The results of the classification were validated using 100 

reference sites (Congalton, 1991) which were selected using a random sampling method 

(Campbell, 1996; Lu & Weng, 2007) (Figure 5). 

  

(a) (b) (c) 
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Figure 5. Training (green dots) and reference sites (orange dots) across selected area, 

superimposed on the aerial photograph. 

 

The sample sites used for training as well as validation were verified against the 2010 digital 

aerial photography with a higher resolution (0.5m) which enables the identification of the Pinus 

trees more readily by their shape and the length of the shadow as was shown in Figure 6.  

 

 

Figure 6. Pinus trees are easily identifiable by their shape and shadow from aerial photograph 

(0.5m resolution) (a) and less so from the SPOT 6 images (1.5m resolution) (b). 

 

For the classification, a decision rules protocol, supported by ERDAS Imagine, was 

implemented to assign a class to each pixel based on predefined signatures. This process consists 

of various steps, which include (i) predefining the signatures per class, (ii) evaluating the 

signatures, and then (iii) running the supervised classification using feature space. 

 

The signature files for each of the training sites were generated from a seed pixel and captured 

as an area of interest (AOI) (ERDAS, 2009). The set of seed pixels selected for the training sites 

that accurately represents the spectral variation present in each class are shown in Figure 4. The 

(a) (b) 
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signature files were tested to assess whether they represented the specific class through visual 

interpretation using the “Alarm” evaluation, a preview using parallelepiped classifier. The 

classification routine allows for choosing between two non-parametric rules, namely feature space 

or parallelepiped (ERDAS, 2009). The non-parametric rule feature space was selected as the 

algorithm does not include pixels that are spectrally far from the signature, thus reducing overlaps. 

The pixels then were left unclassified or that overlap through the non-parametric rule, were then 

classified using the parametric rule maximum likelihood (ML), the most accurate classifier within 

the decision rule for data with a normal distribution (ERDAS, 2009). Feature space places pixels 

using the training sites by direct comparison whereas ML works on the probability that a pixel 

belongs to a class and assumes that these probabilities are equal for all classes (ERDAS, 2009). 

 

A site-specific accuracy assessment was used to evaluate the resulting classified thematic map 

using a confusion matrix (Congalton, 2001; Foody, 2002, 2008, 2009). This matrix also includes 

the percentage correct measurement, namely the overall accuracy (Campbell, 1996). For the 

purpose of the accuracy assessment, the classes „non_Pinus_1‟ and „non_Pinus_2‟ were combined 

to make the class „non_Pinus‟. A total of 100 reference sites were used, with 50 sites used to 

validate the classification of the „Pinus‟ class and 50 sites for the „non_Pinus‟ class.   

 

4.  Results 

A classified thematic map was generated with the „Pinus‟, „non_Pinus_1‟ and „non_Pinus_2‟ 

classes (Figure 7a) and the final classified map with only „Pinus‟ and „non_Pinus‟ is presented in 

Figure 7b. 

 

  

Figure 7. The resulting classified thematic map (a) generated using supervised classification 

and the final binary map presenting the classes „Pinus‟ and „non-Pinus‟ (b). 

 

A confusion matrix was compiled to compare the two variables for the classified thematic map 

generated. This matrix compares pixels identified as a particular class by the classification versus 

what the reference site data shows that pixel‟s class to be. The confusion matrix generated 

(b) (a) 
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included commission and omission error, as well as the producer‟s accuracy, the consumer‟s 

accuracy, and the kappa coefficient that indicates the reliability of the data (Campbell, 1996). An 

accuracy assessment performed using the 100 references are shown in Table 1.  

 

Table 1.  Confusion matrix to assess the accuracy of the classified thematic map.  

  Predicted class  Total Omission Producer‟s 

  Pinus non_Pinus   error (%) accuracy (%) 

Actual class 

  Pinus  35 15  50 30.0  70.0 

  non_Pinus  1 49  50 2.0  98.0 

Total  36 64  100 16.0  84.0 

Commission error (%) 2.0 30.0  16.0 

Consumer‟s accuracy (%) 97.2 76.6  86.9 

Overall accuracy = 84.0% 

kappa coefficient = 0.68 

 

The results indicate that the classification technique, very seldom (one out of 50) classifies 

„non_Pinus‟ as „Pinus’. However, the classification is less accurate when it comes to correctly 

identifying the Pinus (35 out of 50). The overall accuracy achieved was 84.0%, which is a 

substantial strength of agreement (Landis & Koch, 1977; Foody, 2008). The producer‟s accuracy 

for the „Pinus’ class indicates that only 70% of the reference sites were correctly classified. On the 

other hand, the consumer‟s accuracy for the „Pinus’ class came out at 97.2%, which indicates the 

proportion of the classification area in this class that was correctly classified (only one of the 

reference sites was incorrectly classified as Pinus spp.). 

 

5.  Discussion 

The objective of this research was to perform a supervised classification on a SPOT 6 image 

across the entire Klein Swartberg study area in order to locate the presence of Pinus spp. However, 

due to a fire event on 21 and 22 January 2012, during which the Pinus spp. and other vegetation 

types burned, this would no longer be possible for the entire area as the vegetation had not 

recovered sufficiently. The mortality of Pinus trees was mainly among the younger trees and some 

of the adult trees. The need to map these trees is still necessary as fire escalates the spread of this 

IAP species (Richardson, 1998). 

 

However, a small portion of the study area was identified where the Pinus spp. survived the fire 

although the undergrowth and other vegetation did not. This smaller site was therefore selected as 

the area on which to perform the classification, and at the date of image capture some regrowth of 

the veld had occurred. The natural veld had not yet recovered fully and as a result would be much 

less densely vegetated as shown in Figure 8 where the three vegetation types can clearly be 

identified – A, the Pinus spp.; B, „non_Pinus_2‟ vegetation with active regrowth due to the 

presence of water; and C, „non_Pinus_1‟ vegetation not associated with a water source. 
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Figure 8. Indication of  the unburnt trees identified as class „Pinus‟ (A), class „non_Pinus_2‟ 

vegetation with active regrowth possibly due to the presence of water (B), and „non_Pinus_1‟ 

indicating vegetation not associated with water (C) in this false colour SPOT 6 image. 

 

It is hypothesized that this fire event has been a positive contributor to the accuracy achieved 

(producer‟s accuracy of 70.0%) even though it is lower than what was achieved by Immitzer et al. 

(2012) (producer‟s accuracy of 86.8%) using higher resolution WorldView-2 imagery to map a 

similar species to Pinus spp. The accuracy of the classification can thus be attributed to (1) the 

difference in spectral signature in the near infrared band, between the Pinus trees and the 

„non_Pinus_2‟ (Figures 4a & 4c). This is due to the flush of new growth in the post-fire vegetation 

associated with the presence of water, and (2) the difference in reflection in the visible bands 

between „Pinus’ and „non_Pinus_1‟ (Figures 4a & 4b) due to the exposure of bright soil (higher 

pixel values) after the fire event in comparison to the darker colour associated with a lower 

reflectance (lower pixel values) of the adult Pinus trees (Belward, 1991) not destroyed during the 

fire.  

 

Since classification turns continuous reflection measurements into discrete thematic classes on 

the basis of the spectral uniqueness of the target objects, the accuracy of a classification will 

depend on the spectral separability of the target classes (Campbell, 1996). It is thus postulated that 

the post fire event regrowth has led to the increased separability of the target classes thus 

increasing the accuracy of the classification. This again is apparent when looking at the difference 

in the spectral value in the near infrared band for the „Pinus‟ class (Figure 4a) and the 

„non_Pinus_2‟ class (Figure 4c). 

 

A 

B 

C 
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The results have shown that mapping Pinus spp. using this technique will result in an 

underestimation of the presence of the species however, in these post-fire conditions, the 

likelihood of misclassifying Pinus spp. as other vegetation is very low. In other words, the method 

is reliable in indicating the presence of the species but less reliable in accurately indicating the full 

extent of the invasion.  

 

6.  Conclusion and recommendations 

The main aim of this study was to assess the use of SPOT 6 high resolution satellite imagery to 

map adult Pinus trees in the Klein Swartberg area. Due to the late receipt of the SPOT 6 imagery, 

field validation was not possible however expert interpretation of aerial photography was used to 

verify the results in lieu of field validation. Due to recent fires in this area, the method was tested 

in only a small area where most of the Pinus trees survived the fire. 

 

A supervised classification was performed resulting in a thematic map which had an overall 

accuracy of 84.0% (kappa coefficient of 0.68). The results indicate that this technique, with this 

imagery, in this study site, will result in an underestimation of the presence of the species. 

However, the likelihood of misclassifying Pinus spp. as other vegetation is very low. The results 

of such mapping will also provide reliable maps of IAP species occurrence that can be used for 

planning IAP species clearing activities, since the incidence of a false positive is very low. 

However, when it comes to the issuing of clearing contracts, a revision of the extent or the density 

of the invasion may be required using other methods in order to arrive at an accurate cost estimate.  

 

The findings of this research suggest that mapping Pinus spp. in a mountainous area using a 

traditional supervised classification technique is possible using SPOT 6 images. However, further 

testing is necessary on older veld (more time since last fire) to ensure that the spectral difference 

between natural vegetation and the Pinus spp. is still sufficiently large to allow for mapping Pinus 

occurrence. 

 

Field validation is recommended to confirm the accuracy of the method in order to increase the 

confidence in the results. An aspect of field validation which could be considered in follow up 

research is the measurement of the circumference of the canopy cover of trees which were detected 

using this technique versus those which were undetected. This would help to determine whether 

the resolution of SPOT 6 pan-sharpened imagery is appropriate for mapping this species at this age 

in these environments or whether higher resolution imagery is needed due to the circumference of 

canopy of the tree. 
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