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Supplementary 

Table S1. Confusion matrix for image classification: a) 2011 Ikonos; b) 2012 GeoEye; c) 2013 Ikonos; 

and d) 2015 WorldView-3. The matrix shows the number of verification points, omission (OE) and 

commission (CE) errors, user (UA) and producer’s (PA) accuracy, Kappa index per class, overall 

accuracy (OA). 

(A) 2011 Ikonos Water Mine Canga Forest Revegetation Raw total UA (%) CE (%) 

Water 8 0 0 0 0 8 100.00 0.00 

Mine 0 187 1 2 17 207 90.34 9.66 

Canga 0 2 81 1 0 84 96.43 3.57 

Forest 0 5 16 649 4 674 96.29 3.71 

Revegetation 0 11 1 1 38 51 74.51 25.49 

Column total 8 205 99 653 59 1024     

PA (%) 100.00 91.22 81.82 99.39 64.41 963 OA= 94.04 

OE (%) 0.00 8.78 18.18 0.61 35.59    

Kappa per Class 1.00 0.87 0.96 0.89 0.73    

B) 2012 GeoEye Water Mine Canga Forest Revegetation Raw total UA (%) CE (%) 

Water 10 0 0 2 1 13 76.92 23.08 

Mine 0 200 2 11 13 226 88.50 11.50 

Canga 2 2 67 7 0 78 85.90 14.10 

Forest 0 18 19 605 6 648 93.36 6.64 

Revegetation 0 11 0 5 43 59 72.88 27.12 

Column total 12 231 88 630 63 1024     

PA (%) 83.33 86.58 76.14 96.03 68.25 925 OA= 90.33 

OE (%) 16.67 13.42 23.86 3.97 31.75    

Kappa per Class 0.76 0.85 0.84 0.83 0.71    

(C) 2013 Ikonos Water Mine Canga Forest Revegetation Raw total UA (%) CE (%) 

Water 3 0 0 0 1 4 75.00 25.00 

Mine 2 193 1 4 31 231 83.55 16.45 

Canga 0 2 72 2 0 76 94.74 5.26 

Forest 0 6 16 627 4 653 96.02 3.98 
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Revegetation 0 5 1 2 52 60 86.67 13.33 

Column total 5 206 90 635 88 1024     

PA (%) 60.00 93.69 80.00 98.74 59.09 947 OA= 92.48 

OE (%) 40.00 6.31 20.00 1.26 40.91    

Kappa per Class 0.75 0.79 0.94 0.89 0.85    

(D) 2015 WorldView-3 Water Mine Canga Forest Revegetation Raw total UA (%) CE (%) 

Water 4 2 0 0 0 6 66.67 33.33 

Mine 2 209 7 10 16 244 85.66 14.34 

Canga 0 5 52 3 0 60 86.67 13.33 

Forest 0 5 12 625 1 643 97.20 2.80 

Revegetation 0 12 1 5 53 71 74.65 25.35 

Column total 6 233 72 643 70 1024     

PA (%) 96.55 94.12 90.91 95.24 89.47 943 OA= 92.09 

OE (%) 3.45 5.88 9.09 4.76 10.53    

Kappa per Class 0.66 0.81 0.85 0.92 0.72    
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Table S2. Normalized confusion matrices:  a) 2011 Ikonos; b) 2012 GeoEye; c) 2013 Ikonos; and d) 

2015 WorldView-3. The matrix shows the number of verification points, omission (OE) and 

commission (CE) errors, user (UA) and producer’s (PA) accuracy, Kappa index per class, overall 

accuracy (OA), overall disagreement (OD); allocation disagreement (AD); and quantity disagreement 

(QD). 

(A) 2011 Ikonos Water Mine Canga Forest Revegetation Total UA (%) CE (%) Quant. Disc. 

Water 0.0078 0.0000 0.0000 0.0000 0.0000 0.0078 100.00 0.00 0.00 

Mine 0.0000 0.1826 0.0010 0.0020 0.0166 0.2021 90.34 9.66 0.20 

Canga 0.0000 0.0020 0.0791 0.0010 0.0000 0.0820 96.43 3.57 1.46 

Forest 0.0000 0.0049 0.0156 0.6338 0.0039 0.6582 96.29 3.71 2.05 

Revegetation 0.0000 0.0107 0.0010 0.0010 0.0371 0.0498 74.51 25.49 0.78 

Total 0.0078 0.2002 0.0967 0.6377 0.0576 AO 94.04 QD 2.25 

PA (%) 100.00 91.22 81.82 99.39 64.41 OD 5.96   

OE (%) 0.00 8.78 18.18 0.61 35.59      

Alloc. Disc. 0.00 3.52 0.59 0.78 2.54 AD 3.71   

(B) 2012 GeoEye Water Mine Canga Forest Revegetation Total UA (%) CE (%) Quant. Disc. 

Water 0.0098 0.0000 0.0000 0.0020 0.0010 0.0127 76.92 23.08 0.10 

Mine 0.0000 0.1953 0.0020 0.0107 0.0127 0.2207 88.50 11.50 0.49 

Canga 0.0020 0.0020 0.0654 0.0068 0.0000 0.0762 85.90 14.10 0.98 

Forest 0.0000 0.0176 0.0186 0.5908 0.0059 0.6328 93.36 6.64 1.76 

Revegetation 0.0000 0.0107 0.0000 0.0049 0.0420 0.0576 72.88 27.12 0.39 

Total 0.0117 0.2256 0.0859 0.6152 0.0615 AO 90.33 QD 1.86 

PA (%) 83.33 86.58 76.14 96.03 68.25 OD 9.67   

OE (%) 16.67 13.42 23.86 3.97 31.75      

Alloc. Disc. 0.39 5.08 2.15 4.88 3.13 AD 7.81   

(C) 2013 Ikonos Water Mine Canga Forest Revegetation Total UA (%) CE (%) Quant. Disc. 

Water 0.0029 0.0000 0.0000 0.0000 0.0010 0.0039 75.00 25.00 0.10 

Mine 0.0020 0.1885 0.0010 0.0039 0.0303 0.2256 83.55 16.45 2.44 

Canga 0.0000 0.0020 0.0703 0.0020 0.0000 0.0742 94.74 5.26 1.37 

Forest 0.0000 0.0059 0.0156 0.6123 0.0039 0.6377 96.02 3.98 1.76 

Revegetation 0.0000 0.0049 0.0010 0.0020 0.0508 0.0586 86.67 13.33 2.73 

Total 0.0049 0.2012 0.0879 0.6201 0.0859 AO 92.48 QD 4.20 

PA (%) 60.00 93.69 80.00 98.74 59.09 OD 7.52   

OE (%) 40.00 6.31 20.00 1.26 40.91      

Alloc. Disc. 0.20 2.54 0.78 1.56 1.56 AD 3.32   

(D) 2015 WorldView-3 Water Mine Canga Forest Revegetation Total UA (%) CE (%) Quant. Disc. 

Water 0.0039 0.0020 0.0000 0.0000 0.0000 0.0059 66.67 33.33 0.00 

Mine 0.0020 0.2041 0.0068 0.0098 0.0156 0.2383 85.66 14.34 1.07 

Canga 0.0000 0.0049 0.0508 0.0029 0.0000 0.0586 86.67 13.33 1.17 

Forest 0.0000 0.0049 0.0117 0.6104 0.0010 0.6279 97.20 2.80 0.00 

Revegetation 0.0000 0.0117 0.0010 0.0049 0.0518 0.0693 74.65 25.35 0.10 

Total 0.0059 0.2275 0.0703 0.6279 0.0684 AO 92.09 QD 1.17 

PA (%) 66.67 89.70 72.22 97.20 75.71 OD 7.91   

OE (%) 33.33 10.30 27.78 2.80 24.29      

Alloc. Disc. 0.39 4.69 1.56 3.52 3.32 AD 6.74   
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