
APPENDIX 2 
 
LULC classification evaluations 
 
We follow two formal procedures to evaluate the LULC classifications precision, 
depending on the ground truth availability. When this information was available, we 
evaluated the results using pixel-based contingency matrixes (Congalton 1991). An 
overall accuracy and a producer and user accuracies for each class can be calculated 
with this method. The overall accuracy was calculated by dividing the number of pixels 
correctly classified (i.e. the sum of the diagonal axis of the matrix) by the total number 
of pixels included in the evaluation process. The producer accuracy is a measure of the 
omission error and indicates the percentage of pixels of a given land cover type that are 
correctly classified. It was calculated by dividing the number of pixels of the ith class 
correctly classified by the total number of pixels of the ith class included in the 
evaluation. The user accuracy is a measure of the commission errors and indicates the 
probability that a pixel classified into a given class actually represents that class on the 
ground. It was calculated by dividing the number of pixels of the ith class correctly 
classified by the total number of pixels classified as the ith class. Only two 
classifications for the second study period were evaluated through contingency matrixes 
(scenes 225/083 and 227/083), using ~1,900 independent ground control points visited 
in several field surveys during the 2002-2004 period. 
 
In the cases were no ground truth was available, we compared the generated data with 
statistical information provided by governments organizations at a county-based level 
(only when more than five counties were available), using the Theils´s partial inequality 
coefficients test (Smith and Rose 1995). In the cases of those scenes shared by two 
countries, the statistical information was treated separately. This test allow to 
discriminate between three sources of predictive error: 1) the associated to the mean 
differences between the observed and predicted values (Ubias), 2) the associated to the 
slope of the fitted model and the 1:1 line (Uslope), and 3) the associated to the non-
explained variation (Uerror) (see Paruelo et al. 1998), for a simple formula to calculate 
Theils´s coefficients). The sources of statistical information were: for Argentina, the 
“Estadísticas Agropecuarias” (Secretaría de Agricultura, Ganadería, Pesca, y Alimentos 
2004); for Brazil, the "Produção Agrícola Municipal" (Instituto Brasileiro de Geografia 
e Estatística 2002); and for Uruguay, the “Censo general agropecuario” (Dirección de 
Estadísticas Agropecuarias–Ministerio de Ganadería, Agricultura, y Pesca 2000). For 
the Uruguayan areas (scenes 222/083 and 225/082), the information corresponds only to 
the 2000´s growing season, and consequently the comparisons were only approximate. 
Besides, for these three scenes of this country scenes (222/083 and 225/082-083), no 
possible comparison could be done for the 1985-1989 period because of this lack of 
statistical information. 
 
Four classifications (the corresponding to the 222/083 and 225/082 scenes of the first 
study period and the two of the 229/084 scene) couldn’t be formally evaluated because 
of the lack of statistical data (as stated above), or because the number of counties was 
less than five. For these classifications however, we performed qualitative informal 
evaluations, based on local experts’ advice or on the analysis of small areas of known 
land cover (not large enough to perform contingency matrixes). These qualitative 
analyses allowed us gain confidence on the results. 
 



The contingency evaluations results indicated a high degree of total accuracy 
(225/083total accuracy= 83.0%, and 227/083total accuracy= 93.8%) and the user and producer 
accuracies overpassed the 75%, with the exception of the forest-afforestation class for 
the 225/083 (225/083user accuracy=50.0%), implying an underestimation of this LULC type 
in the classification (Table A2.1-2). The comparisons with statistical information 
revealed a high concordance between this information source and our classifications 
(r2

minimum = 0.64; bmean = 0.89) (Table A2.3). The origin of the differences between the 
observed and predicted values varied in function of the classification. As an example, 
the 223/081 classification for the 1986-1987 period, the main source of error was 
associated with the bias, as the classification underestimated in all counties the crop area 
(Ubias = 0.77). 

 
Table A2.1. Contingence matrix and producer and user accuracies for the 225/083 2003-
2004 classification. 8233 pixels distributed in 1023 polygons were employed for this 
evaluation. 

Ground truth � 

LULC type Water 
bodies 

Croplands Grasslands Forests & 
affores. 

Total  Producer 
accuracy 
(%) 

User 
accuracy 
(%) 

Total 
accuracy 
(%) 

Water bodies 125 0 0 0 125 99 100 83.0 
Croplands 1 3831 421 3 4256 85 90  
Grasslands 0 653 2640 235 3528 84 75  
Forests & aff. 0 4 84 236 324 50 73  
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Total 126 4488 3145 474 8233  
 
Table A2.2. Contingence matrix and producer and user accuracies for the 227/083 
2003/2004 classification. 859 independent pixels were employed for this evaluation. 

Ground truth � 

LULC type Water 
bodies 

Grasslands Croplands Total  Producer 
accuracy 
(%) 

User 
accuracy 
(%) 

Total 
accuracy 
(%) 

Water bodies 18 4 1 23 100 78 93.8 
Grasslands 0 159 33 192 89 83  
Croplands 0 15 629 644 95 98  

 C
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 Total  18 178 663 859  



Table A2.3 Theils´s partial inequality coefficients. When n ≤ 4, analyses were not 
performed neither presented. All the regressions p<0.012. * No results for IBGE, as n ≤ 
4; ** No results for SAGPyA, as n ≤ 4. Abbreviations: IBGE Instituto Brasileiro de 
Geografia e Estatística, DIEA: Dirección de Estadísticas Agropecuarias, Uruguay, and 
SAGPyA Secretaría de Agricultura, Ganadería, Pesca y Alimentos, Argentina. 

 
 
  

Landsat 
scene 

Year Source N Bias Slope R2 Ubias Uslope Uerror 

222/083 2002/2003 DIEA* 50 -515 0.60 0.86 0.40 0.44 0.16 
1986/1987 7 10847 1.07 0.75 0.77 0.00 0.23 223/081 
2002/2003 

IBGE 
9 1771 0.87 0.97 0.10 0.36 0.54 

1988/1989 10 22658 0.59 0.68 0.03 0.48 0.49 224/080 
2003/2004 

IBGE** 
16 6562 1.21 0.95 0.67 0.13 0.20 

1988/1989 6 1270 0.71 0.98 0.49 0.45 0.06 224/086 
2002/2003 

SAGPyA 
6 -6045 1.08 0.96 0.03 0.12 0.85 

225/082 2002/2003 DIEA** 43 81 0.89 0.67 0.01 0.03 0.96 
225/083 2003/2004 DIEA 38 180 0.69 0.64 0.42 0.15 0.43 
227/083 1988/1989 SAGPyA 7 30135 1.21 0.94 0.73 0.09 0.19 


