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Chapter 9

Summary

In this final chapter we will summarize the use of Generalized Linear Models (GLMs) for

satellite based land cover change detection.  The first section presents a step by step

review of what we have done.  This review can serve as a guide for the further application

of this method.  The second section contains conclusions from our work.  The final section

lists some possibilities for further research.

Step-by-Step Review of the GLM Approach

This review follows what we have done throughout the dissertation.  The steps are listed

in a general sense so that this review can serve as a guide for further application of GLMs

to satellite based land cover change detection.

1. Select a study area and acquire satellite imagery, reference data, and
“management level” GIS layers that can be used to link the change
detection products with areas of concern and/or areas which can be
managed.

2. Preprocess the data.  The image data should be geometrically and
radiometrically corrected while the reference data and GIS layers must
also be geometrically correct

3. Conduct spatial analysis of the image data to determine the minimum
distance between sample points.  The spatial analysis can also guide the
sample design (i.e. systematic vs. random).

4. Collect a sample containing the reference data for the two time periods
and the radiance values from the two images for each point in the
sample.  The radiance values make up the explanatory variables and the
response variable is derived from the reference data.  For our study the
response is simply whether on not change has occurred.

5. Check for spatial autocorrelation in the response variable.  If there is no
significant autocorrelation, then standard GLMs can be applied to the
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data.  If there is significant autocorrelation, the user should be cautious
about using inference from the model.

6. Use GLMs to determine the most significant function of radiance
values for modeling change. After a model has been selected,
variogram plots of the residuals can be used to check for
autocorrelation in the final model.  Again, if autocorrelation exists the
users should be cautious when making inference from the model.

7. Use the output from the GLM to produce accuracy assessment curves.
8. Use the chosen model to produce a “Probability of Change” image.

Using this image, along with the GIS “management layers” for the area
and the accuracy assessment curves, to produce the final change
product.

Conclusions

The main conclusion is that Generalized Linear Models (GLMs) do enhance satellite-based

land cover change detection.  There are at least three ways in which GLMs help.

First, GLMs can be used to determine which variable combination is most related to the

changes observed for a given area.  This is particularly helpful since previous studies have

reached different conclusions on which function of reflectance values is best for

determining changes.  Each area and each image is unique.  For our two study areas, the

GLMs showed a different set of significant variables for the coastal and Raleigh areas.

Using GLMs seems very appropriate to determine the best function of radiance values to

use when modeling change.

The second helpful aspect of using GLMs is the unbiased accuracy assessment tables

produced by the SAS™ output.  The accuracy assessment curves present a clear picture of

the relationship between the threshold level and the accuracy assessment figures.  The

curves can either guide the selection of an appropriate threshold or can help with the

interpretation of the “probability of change” map produced by applying the GLMs to the

image data.  This leads to the third way in which GLMs assist with change detection.

The model can be used to produce a continuous image of the “probability of change”.

Instead of a simple black/white image of change/no-change, GLMs can produce an image
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with continuous values ranging from 0 to 1 where each pixel is assigned a POC based on

the model.  The model can be further utilized by creating the "variability" image

representing the margin of error associated with the estimated POC.  The POC image,

together with the accuracy assessment curves and the variability image, result in a change

detection product containing much more information than a standard change/no-change

map and its associated error matrix.

Our main conclusion is that GLMs can enhance satellite-based land cover change

detection.  However, there are some limitations.  GLMs can only enhance those change

detection algorithms that use the radiance values to determine change.   For example,

GLMs can not enhance post-classification change detection procedures.  There is also the

limitation that standard GLMs assume independent response variables.  If there is

autocorrelation present in the response variable, then caution must be exercised when

deriving inference from the model and/or the residuals from the chosen model should be

investigated for autocorrelation.

There are also some particular conclusions from the particular data from this study.  There

was hardly any difference between the logit, probit and complimentary log-log link

functions.  The filtered data did a better job at modeling change.  The models indicated

different significant variables for the two study areas and for both areas the models

involved more than one variable.

Further Research

There are two main areas which can lead to further research on the application of GLMs

to satellite based change detection.   First, the models could be used to investigate a

multinomial response.  The first step would be to consider a 0, 1, or 2 type response;

where 0 represents no change, 1 represents growth or additional vegetation, and 2

represents clearing or a decrease in vegetation.   GLMs are suitable for this type of

response and this type of response may be more informative for exploring particular types
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of changes.  The second area that needs further research is developing models that can

handle spatially correlated data.  There is work being done within statistics on this issue.

As this work progresses, satellite-based change detection will make an excellent

application.

An additional area for further research, which relates to the use of GLMs, is that any new

function of radiance values that may be useful for change detection can be investigated

with GLMs.  For example, if someone proposed a new vegetation index, GLMs could be

used to find how significant this index is for determining change – relative to the

significance of the other functions of the radiance values for the data from a particular

area.

Existing change detection methods produce a change product and then collect data to

determine the accuracy.  By doing the data collection up front, GLMs can be used to

select the most significant variables and therefore produce a better change detection

model.  The jackknife estimates can be used to produce an accuracy assessment for the

model.  So, if you are going to collect data for an accuracy assessment anyway, why not

collect the data beforehand and use GLMs to produce a better model?   That is, the data

needed to use GLMs are essentially "free".  You would need to collect the data anyway.

There is no reason why you can not at least investigate the data with Generalized Linear

Models.


