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Exercises Module 2.1 Monitoring activity data for forests using remote sensing


PRACTICAL EXAMPLE OF AN IMAGE INTERPRETATION PROCESS FOR FOREST AREA CHANGES MONITORING: Using Landsat time series data to derive forest area change estimates

Scope of the document

This document presents a practical example of an image interpretation process to derive estimates of forest cover change. The example provided here is by no means a unique solution to the task. As presented in the lecture material, several decisions on each phase of the process need to be made, which all affect not only the general procedure, but also the technical details to be taken into account during the interpretation process. Nevertheless, the procedure presented here includes the main steps of image processing typically included in forest change monitoring. The details of each step vary from case to case.

Mapping forest area change using multi-temporal segmentation and systematic sampling (the JRC-FAO Remote Sensing Survey approach)

Here we present an example of a forest cover change monitoring approach based on multi-temporal image segmentation and subsequent classification using a signature databank and visual verification. The example briefly describes the main steps taken in JRC-FAO Remote Sensing Survey approach (subsequently JRC-FAO) which is based on a global systematic sample with a sample size of 10x10 km. Details of the image processing and classification procedure can be found in Bodart et al. (2011) and Raši et al. (2011).

Processing steps described in this example include:

1. Downloading of Landsat data and cropping to sample plot size
2. Radiometric calibration and cloud masking
3. Radiometric normalization
4. Image segmentation and classification
5. Visual validation and modification
6. Derivation of a change matrix


1. Downloading of Landsat data and cropping to sample plot size

Landsat data is used in this practical example. It can be easily downloaded online free of charge. Satellite data can be accessed via several routes in the internet. Two possible sites to assess the availability and download satellite data include e.g. the Committee on Earth Observation Satellites (CEOS) Visualisation Environment (COVE) tool at (http://www.ceoscove.org/index.php/covetool/) and the United States Geological Survey’s (USGS) National Center for Earth Resources Observation and Science (http://glovis.usgs.gov).
[image: ]

Figure 1. Screenshot of the interface of the United States Geological Survey’s (USGS) National Center for Earth Resources Observation and Science website (http://glovis.usgs.gov).

During the scene selection, the most suitable images need to be selected corresponding to each of the time steps for the forest cover inventory (i.e. in this example 1990 and 2000). Three important aspects to be taken into account during the image selection include:

1) Overall quality of the image at the sample site location
2) Closeness to the desired acquisition time (e.g. year 2000)
3) Closeness to the most suitable season

After the images have been downloaded, the geographic registration needs to be checked and the images need to be cropped to the sample site size. If necessary, the images need to be co-registered so that the features in the two images match. Typically, a shift of 1-2 pixels has been found sufficient to match 10x10 km sample sites of Landsat images (Bodart et al. 2011).

For this particular exercise, we will use a sample site located at N 00 E 102, in the humid tropical peatlands of Indonesia. The change analysis will cover the time period from 1990 to 2000.
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Figure 2. Sample site N00 E102 image data: Landsat 5 TM for 1990 (on the left) and Landsat 7 ETM+ for 2000 (on the right).

2. Radiometric calibration and cloud masking

Radiometric calibration aims to reduce differences between images rising from changing illumination conditions and instrument errors. A set of sensor specific equations can be used to calibrate Landsat image data into Top of Atmosphere (ToA) reflectance. This process is not detailed in this document but can be found e.g. in Bodart et al. (2011).

Clouds and cloud shadows can be removed either manually or using automated cloud and cloud shadow detection algorithms. Manual removal is efficient in small study areas, but automated approaches (with visual validation) may need to be used with large datasets.
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Figure 3. Result of an automated cloud and cloud shadow removal. Note that this result will be visually validated during the image classification validation (Section 5 below).

3. Radiometric normalization

In order to detect deforestation utilizing images acquired on the same area in two different times, it is not necessary to convert the data into surface reflectance values. Derivation of surface reflectance would demand the use of sophisticated atmospheric correction algorithms and precise information on the atmospheric conditions at the time of image acquisition. However, in the case of change detection on sample sites, relative normalization of multi-temporal data can be used to set the radiometric measurements to a common relative scale and ensure spectral comparability.

Relative normalization can be performed by selecting objects in both images that presumably have not changed over the observation period (i.e. so called Pseudo-Invariant Features). These areas (e.g. parts of evergreen forest) are selected as reference areas. One of the images is then selected as the master image and its pixel values are kept unchanged. The difference in the level of pixel values between the master image and the other image (i.e. slave image) is derived by comparing the average values of the reference areas. This difference is subsequently deducted from the pixel values in the slave image. Note that this process needs to be repeated for each spectral band separately.

4. Image segmentation and classification

In the JRC-FAO classification procedure a segmentation approach is used. The segmentation is created using both of the images as input (i.e. both the 1990 and the 2000 image). This ensures that all the land cover features from both images are detected and that the deforested areas are contained in their own separate segments.
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Figure 4. Final image segments on the sample images (1990 on the left and 2000 on the right).

Followed by the multi-temporal segmentation, image classification is run separately in both of the images. In the JRC-FAO procedure the classification is run in two step: 1) Initial supervised classification utilizing signature database is used to classify the image segments into four basic classes (tree cover, shrub/regrowth, grass and water) and 2) this is followed by an aggregation of the initial segments into larger polygons (min 1ha in size) utilizing a combination of the spectral and thematic (i.e. classes from step 1) information. Finally, the classification scheme for valid image area includes five classes: 1) Tree cover, 2) Tree cover mosaic, 3) Other wooded land, 4) Other land cover and 5) Water. Details of the class descriptions can be found e.g. in Raši et al. (2011). 
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Figure 5. Classification results in the sample site for 1990 (left) and 2000 (right).
 
The above describes the approach used in the JRC-FAO approach. However, it has to be remembered that the classification can be performed in numerous ways based on either segments or pixels and using a variety of classification algorithms and procedures, whichever suit the local conditions best. 

5. Visual validation and modification

No matter which way the classification has been produced, visual validation of the classification results is an important step of the procedure. In JRC, an in-house software has been produced for this purpose (Simonetti et al. 2011). This software allows the validator to quickly compare each image to the classification result and allows corrections to be made. Furthermore the setup enables easy overlay of the two images, to better evaluate changes.
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Figure 6. Screen capture of the JRC in-house validation tool (Simonetti et al. 2011).

6. Derivation of a change matrix

After the classification is finalized, a change matrix can be derived by overlaying the classification results from the two time steps. As an example, a change matrix for the sample site presented above has been created.

	
	2000
	

	1990
	
	TC
	TCM
	OWL
	OL
	W
	C/S
	Total

	
	TC
	16.7
	0.5
	13.6
	59.5
	0.0
	2.1
	92.4

	
	TCM
	0.0
	0.9
	0.0
	0.0
	0.0
	0.0
	0.9

	
	OWL
	0.0
	0.0
	3.8
	1.1
	0.0
	0.0
	4.9

	
	OL
	0.0
	0.1
	1.5
	0.3
	0.0
	0.0
	1.9

	
	W
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	C/S
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Total
	16.7
	1.5
	19.0
	60.9
	0.0
	2.1
	



Table 1. Change matrix for the sample site 1990-2000 in km2. TC = Tree cover, TCM = Tree cover mosaic, OWL = other wooded land, OL = Other land cover, W = Water and C/S = Cloud/Shadow.

This kind of change matrix enables calculation of the extent and direction of changes within forest areas. It can be seen from the change matrix that in this particular example site the Tree Cover was reduced by over 80% between 1990 and 2000, with the majority of the areas being converted into Other Wooded land and Other Land Cover (in this case oil palm plantation).

In case of wall-to-wall mapping, this kind of change matrix can be calculated for the entire area in interest. However, in a sampling approach (like the JRC-FAO classification presented above), statistical information (e.g. deforestation %) are derived from each sampling site and overall statistics are calculated based on all the sampling sites.
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