
Land cover classification procedure 

1. Acquisition of training data 

A 10 km by 10 km grid was created in ArcMap to cover the study area. 14 grid cells were selected 

from this grid at random: the sublocation(s) which formed the major part of these 14 grid cells were 

used as sampling sites for training data collection, resulting in 24 sublocations for sample site 

collections. This was carried out to ensure a representative sample of locations was used in the 

training data collection. 

Training data was collected during October 2012. A research assistant with thorough knowledge of 

the roads and land cover within the study area was employed to assist with the land cover training 

data collection. During training data collection, the research assistant guided us along roads and 

paths throughout the sublocations of interest. A GPS, linked to a laptop running ArcMap, allowed 

real time location tracking. Training data polygons were created in ArcMap, relating to the specified 

land cover classes (see below) that were passed on the route. Manual checking of training data 

polygons was carried out via cross referencing GoogleEarth (where high resolution imagery was 

available) to minimise the impact of any training data collection errors. See Table 1 for a summary of 

the number of training areas recorded for each land cover class. 

A separate set of training data were created using ArcMap: these identified areas of flooding and 

non-flooding land via visual inspection of ASTER imagery, from which areas of flooding land can be 

easily identified. This additional training data was selected due to the inherent difficulty in physically 

reaching flooded areas of land (e.g. swamps), to ensure good representation of flooding land for 

classification purposes. See Table 2 for a summary of the number of training areas recorded for 

flooding and non-flooding land. A random 10% sample of the training areas was selected for use in 

validation. 

 

 

 

 

 

 

 



Table 1: Number of training areas for the main land cover classes, created during field work 

Class 
Number of 
training areas 

Artificial and bare ground 59 

Crops and grassland 261 

Rice 4 

Woodland and shrubland 204 

Swamp 40 

Table 2: Number of training areas for flooding versus non-flooding land, created using visual 

assessment of ASTER imagery. 

Class 
Number of 
training areas 

Flooding land 23 

Non-flooding land 18 

 

2. Remote sensing image preparation 

Two ASTER images from 11th March 2010, which had no cloud cover, were selected for use in the 

classification. These were atmospherically corrected using the FLAASH module of ENVI, and then 

mosaicked to give a single image. See below for information on the scenes used and the settings 

used during atmospheric correction. 

Scenes information: 
ASTL1B 1003110806321003140170 
Scene centre: 0.230217, 34.242193  
Flight date: 11th March 2010  
Flight time: 08:06:32 08:06:23 

 
ASTL1B 1003110806231003140169 
Scene centre: 0.765325, 34.355913 
Flight date: 11th March 2010 
Flight time: 08:06:23 
 
Radiance scale factor: 10 
Sensor altitude: 705.00 
Pixel size: 15 m 
Average scene altitude: 1,300 m 
Atmospheric model: Tropical, rural 



Two Landsat images were also selected for use: one from 3rd July 2011 (Landsat 5 TM sensor) and 

one from 15th December 2010 (Landsat 7 ETM+ sensor). The Landsat ETM+ image was affected by 

the scan line corrector failure, resulting in a striped image, therefore, this image was gap filled using 

a third Landsat image (fill image) from 29th November 2010. Each of these three Landsat images were 

atmospherically corrected using the FLAASH module of ENVI. See below for information on the 

scenes used, the bands available and the settings used during atmospheric correction. Following 

atmospheric correction, the 15th December Landsat image was gap-filled using local histogram 

matching with the fill image in ENVI (using the Landsat gap-filling algorithm). For clarity, the July 

Landsat image will be referred to as Jul Landsat and the December image as Dec Landsat. 

Landsat 5 TM 06020110703 
Scene centre: -0.00949955, 34.3042565 
Flight date: 3rd July 2011 
Flight time: 07:44:21 
Sun elevation: 52.375 
 
Landsat ETM+ 06020101215 (SLC off) 
Scene centre: 0.00542835, 34.29886655 
Flight date: 15th December 2010 
Flight time: 07:48:10 
Sun elevation: 54.646 
 
Fill image Landsat ETM+ 06020101129 
Scene centre: 0.00407185, 34.3002157 
Flight date: 29th November 2010 
Flight time: 07:48:02 
Sun elevation: 56.954 
 
Radiance scale factor: 10 
Sensor altitude: 705.00 
Pixel size: 30 m 
Average scene altitude: 1,300 m 
Atmospheric model: Tropical, rural 
 

The images selected cover March 2010 (start of the long rains), July 2011 (end of the long rains) and 

December 2010 (start of the dry season). These were selected to allow optimal differentiation of 

different land cover classes by providing coverage during different seasons and different sections of 

the agricultural calendar. 

3. Classification procedure 

The land cover classification was carried out using eCognition Developer 8, which uses an object 

orientated classification approach (as opposed to a pixel-based classification). Segmentation was 

carried out using the ASTER image only (as this image had the highest spatial resolution – 15 m): the 



image was segmented in a hierarchical manner using scales of 50 and 15 to produce two levels with 

varying object sizes (scale 50 produces larger objects than scale 15), called level 1 (scale 50) and level 

2 (scale 15). The homogeneity criteria were set as 0.8 for colour and 0.2 for shape, with the 

compactness parameter set at 0.5. 

The classification used a hierarchical approach, as demonstrated in Figure 1 below. Four main 

classification steps were carried out as part of this hierarchical approach:  

1. Classify water bodies and land areas (level 1) 

2. Classify vegetated and non-vegetated land 

3. Classify flooding and non-flooding land  

4. Classify specific land cover classes (level 2) 

 

Figure 1: Diagram of the hierarchical classification procedure used. 

3.1 Water bodies and land areas – classification at level 1 

No training areas were used in the classification of water bodies versus land areas: visual 

interpretation was used to identify the most suitable threshold values to classify water bodies (rivers 

and lakes). Lake was classified as objects with mean ASTER band 3 <1020. River was classified as 

objects with mean Jul Landsat band 5 < 1500 and contrast to neighbouring pixels ASTER band 3 < -

350. These classes were grouped together into a single “water bodies” class. A copy of level 1 with 



the water body classification was created to allow subsequent classification of the land areas into 

flooding and non-flooding land, and vegetated and non-vegetated land. To clarify – it is possible for 

flooding land to be either vegetated or non-vegetated and vice versa. 

3.2 Flooding and non-flooding land – classification at level 1 

The flooding land training areas were imported into eCognition and used to create samples (overlap 

parameter set to 0.5). Nearest neighbour classification was performed on the objects which were not 

classified as water bodies in step 1 using the features: mean and absolute mean difference to 

neighbours (elevation); mean (ASTER band 2); mean of inner border (Jul Landsat band 5); and mean 

of outer border (ASTER bands 2 and 3). A subsequent filtering step was carried out to remove noise 

from the classification: objects classified to flooding land were merged together and if the resulting 

object was less than 600 pixels they were reclassified as non-flooding. 

3.3 Vegetated versus non-vegetated areas – classification at level 1 

This classification used the copy of the water bodies classification layer (e.g. this was carried out 

independently of the flooding and non-flooding land classification). The training areas recorded 

during fieldwork were reclassified as either vegetated or non-vegetated and imported into 

eCognition. These were used to create samples for the classification (overlap parameter set to 0.1). 

Nearest neighbour classification was performed on the objects which were not classified as water 

bodies in step 1 using the features: maximum pixel value (Jul Landsat band 1); mean (Jul Landsat 

band 5, ASTER band 2); standard deviation (Jul Landsat band 7); and maximum difference. 

3.4 Classification of specific land cover classes – classification at level 2 

The final level of classification made use of each of the previous classifications. Objects where the 

super-object (e.g. level 1 object) was classified as water bodies were also classified as water bodies. 

Objects where the super-object was classified as non-vegetated land were classified as artificial and 

bare ground. Training data were used to create samples (overlap parameter set to 0.1) for the 

remaining classes (swamp, rice, crops and grassland, woodland and shrubs). The feature space 

optimisation tool was used to select the features which resulted in the best separation of classes, 

and nearest neighbour classification was performed using these features on objects which were not 

classified as water bodies or artificial and bare ground. The features used were: area; mean 

difference to neighbours (Dec Landsat band 2 and ASTER band 2); maximum pixel value (Dec Landsat 

band 4, Jul Landsat bands 4 and 7); mean (Jul Landsat band 2); standard deviation (Dec Landsat 

bands 4 and 5); mode (Jul Landsat band 2); minimum pixel value (ASTER band 1 and Dec Landsat 

band 2); ratio (ASTER band 3 and Jul Landsat band 3). Finally, manual editing was performed on some 



areas where there were unclassified objects or inconsistencies (e.g. the tops of hills) based on visual 

interpretation of the remotely sensed imagery and the classification of surrounding objects.  

4. Accuracy assessment 

See Table 3 for a confusion matrix for the flooding versus non-flooding land classification, Table 4 for 

a confusion matrix for the vegetated versus non-vegetated land classification and Table 5 for a 

confusion matrix for the final classification. The results show user and producer accuracies of greater 

than 0.7 for all classes, with the majority of classes having accuracies of greater than 0.8. This 

indicates a high level of classification accuracy.  

Table 3: Confusion matrix for flooding and non-flooding land classification. Overall accuracy = 0.92. 

 Not flooding Flooding 

Not flooding 922 51 

Flooding 5 144 

Unclassified 41 0 

   

Producer accuracy 0.95 0.74 

User accuracy 0.95 0.97 

 

Table 4: Confusion matrix for vegetated and non-vegetated land classification. Overall accuracy = 

0.99 

 Vegetated Not vegetated 

Vegetated 1100 11 

Not vegetated 6 46 

Unclassified 0 0 

   

Producer accuracy 0.99 0.81 

User accuracy 0.99 0.88 

 

 

 

 



 

 

Table 5: Confusion matrix for final classification. Overall accuracy = 0.88 

 Artificial and 

bare ground 

Woodland and 

shrubs 

Crops 

and 

grassland 

Rice Swamp 

Artificial and bare 

ground 

55 1 7 0 0 

Woodland and 

shrubs 

0 203 63 0 3 

Crops and 

grassland 

11 11 610 0 8 

Rice 0 0 13 91 0 

Swamp 0 16 8 0 58 

Unclassified 0 0 0 0 0 

      

Producer accuracy 0.83 0.88 0.87 1.0 0.84 

User accuracy 0.87 0.75 0.95 0.88 0.71 

 

  



5. Data format information 

Land cover classification data are provided in geotiff format, unprojected in WGS84 spatial reference 

system. 

FloodingAreas.tif 

Cell value Classification 

0 Unclassified 

4 Non-flooding 

5 Flooding 

 

VegetatedAreas.tif 

Cell value Classification 

0 Unclassified 

6 Vegetated 

7 Unvegetated 

 

LandCoverClassification.tif 

Cell value Classification 

0 Unclassified 

3 Water bodies 

4 Artificial and bare ground 

5 Woodland and shrubs 

6 Crops and grassland 

7 Rice paddies 

8 Swamp 
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