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Air Photo Interpretation

20 April 2009: Error Analysis; Cultural 

Landscapes - Agriculture, Archaeology

Last Time

ÅRationale of vegetation mapping and land-
cover/land-use classifications

ÅScale of vegetation and land-cover classification -
ñtaxonomic resolution.ò

ÅDescription of several land-cover classifications

ÅPrinciples of vegetation mapping and land-
cover/land-use classification

ÅWorkshop: Land-cover classification

This Time

ÅError Analysis of Classification

ÅAir Photo Interpretation 2: Cultural 

Landscapes:, Agriculture, Archaeology 

Accuracy Assessment

ÅComparison of two sources of information 
(terminology Jensenôs).

ïRemote-sensing-derived classification map

ïReference test information

ÅCorrespondence between these two sources 
displayed in an error matrix.

ïReference data vs. Classification

ïTwo kinds of error

ÅProducerôs accuracy, or omission error (exclusion)

ïNot assigning to correct class

ÅUserôs accuracy, or commission error (inclusion)

ïAssigning to incorrect class
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Error Analysis Sampling

Points on 

the 

landscape: 

correct or 

not?

Whence Reference Data?

ÅSelect specific points for reference data.

ÅGround data collection (ground ñtruthò) can 
be done a priori or a posteriori.

ÅAlternative: Examination of composite 
imagery, existing thematic maps, 
interpretation of independently acquired 
aerial photographs, etc.

ÅThen the question remains: How many 
ground sites must be surveyed in order that 
the error analysis be adequate?

Sample Size Calculation
Z2 (p) (q)

N = -------------------

E2 

where  p = expected percent accuracy

q = 1-p

Z = 1.96 (for 5% confidence interval;

otherwise for others)

E = Allowable uncertainty

For Example:

1.962 (0.85) (0.15)

N = ----------------------- = 204
0.052 

Rules of Thumb 
(from Congalton, R.G. 1991. A Review of Assessing the Accuracy of Classifications of 

Remotely Sensed Data. Remote Sensing of Environment 37:35-46

ÅCollect at least 50 sample sites for each land-cover class.

ÅIn especially large areas with increased heterogeneity, 
increase to 75 or 100 sample sites.

ÅAdjust for ñimportanceò of class - relative numbers 
determined by relative proportion of pixels in classes. 

ÅTake fewer samples in more homogeneous classes, more 
samples in more diverse classes.

ÅThese large numbers are tractable if you already have some 
sort of ground data, but what if you donôt?



3

Accuracy Assessment

ÅError Matrix

ïaka:  Contingency Matrix, Confusion Matrix

ïOmission (false exclusion) vs. Commission (false 

inclusion).

ïProducerôs Accuracy vs. Userôs Accuracy

ïOverall Accuracy

ÅSum of diagonal components / Total number of pixels

ÅError Matrix using test samples

ïCompute error matrix in similar fashion, using 

reference data instead of training field data

ÅKappa statistic (K-hat)

Åk-hat = (observed accuracy - chance agreement) / (1 

- chance)

ïk-hat = 0.67 means that the observed classification is 67 

percent better than one resulting from chance

ïAllows for statistical significance of classification to be 

estimated

Error Matrix Reviewed
Reference Data User's Commission

Classification Residential Commercial Wetland Forest Water Row Total Accuracy Error

Residential 70 5 0 13 0 88 70/88 0.80 0.20

Commercial 3 55 0 0 0 58 55/58 0.95 0.05

Wetland 0 0 99 0 0 99 99/99 1.00 0.00

Forest 0 0 4 37 0 41 37/41 0.90 0.10

Water 0 0 0 0 121 121 121/121 1.00 0.00

Column Total 73 60 103 50 121 407

Overall Accuracy 382/407

Producer's Accuracy 70/73 55/60 99/103 37/50 121/121 0.94

0.96 0.92 0.96 0.74 1.00

Omission Error 0.04 0.08 0.04 0.26 0.00

1. Overall Accuracy: Number Correct in the Entire Matrix

2. Userôs Accuracy: Probability that a classified pixel is actually of that class; 

Commission Error - Error of Inclusion; An error of commission results when a 

pixel is committed to an incorrect class.

3. Producerôs Accuracy: Probability of a pixel being correctly classified; Omission 

Error - Error of Exclusion; An error of omission results when a pixel is 

incorrectly classified into another category. The pixel is omitted from its correct 

category.

Kappa Statistic

Khat: a discrete multivariate technique for expressing overall 

accuracy by comparing two sources of data. How much 

does the classification differ from a random matrix (H0 is 

Kappa = 0)?

N xii - (xi+ * x+i)

Khat = ---------------------------------------

N2 - (xi+ * x+i)

where: N = number of observations

r = rows in matrix

xii = number of observations in row i and column i.

X i+ and x+i = marginal totals for row i and column 

i, respectively

r r

r

i=1

i=1i=1
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Error Matrix Again
Reference Data User's Comission

Classification Residential Commercial Wetland Forest Water Row Total Accuracy Error

Residential 70 5 0 13 0 88 70/88 0.80 0.20

Commercial 3 55 0 0 0 58 55/58 0.95 0.05

Wetland 0 0 99 0 0 99 99/99 1.00 0.00

Forest 0 0 4 37 0 41 37/41 0.90 0.10

Water 0 0 0 0 121 121 121/121 1.00 0.00

Column Total 73 60 103 50 121 407

Overall Accuracy 382/407

Producer's Accuracy 70/73 55/60 99/103 37/50 121/121 0.94

0.96 0.92 0.96 0.74 1.00

Omission Error 0.04 0.08 0.04 0.26 0.00

Khat = N xii - (xi+ * x+i)

---------------------------------------

N2 - (xi+ * x+i)

= 407 ( 70 + 55 + é+121) -(88*73 + 58*60 + é + 121*121) /

4072 - (88*73 + 58*60 + é + 121*121) 

= 0.921

Summary

ÅError Analysis

ïReference data vs. classification

ïError Matrix

ÅOverall Error

ÅProducerôs error

ÅUserôs error

ïKappa Statistic

ïReference Site Number and Location Selection

ÅStatistical Error

ÅRules of Thumb

Cultural Landscapes: Agriculture

ÅCrop-type classification

ÅPrecision farming

ÅCrop management in general

ÅIrrigation inventory

ÅFSA Compliance

Irrigation Inventory
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