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Regions subject to intense resource 
development such as Alberta can 
benefit from EO monitoring 

Typically, EO-based change 
analysis has been bi-temporal 
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The Multi-Temporal Perspective 

Increasingly, multi-temporal approaches are replacing  bi-
temporal methods 
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•  They enable the capture of subtler, more 
gradual landscape changes (e.g., 
vegetation degradation/recovery) 

•  They can also more accurately identify 
when, where and what type of sudden 
landscape changes occurred in a period 
of several years 

•  However, exploratory analysis is 
hindered by the sheer amount of images 
in the time series 

 
We asked:  
 
•  Can the change information embedded in the time series be 

compressed into a single image for visualization purposes?  

•  Could this summary image be used for quantitative analysis?  

•  Would the same method work for time series from different 
sensors and resolutions?  
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Material and Methods 

MODIS 16-day 250m NDVI (‘greenness’) time series covering Alberta, 
2001-2011 

Landsat TM/ETM+ NDVI time series covering a 112.5 x 150 km in the 
Alberta oil sands, 2001-2011 

Applied the CAT (Change, Aftereffect and Trend) Transform to both 

Assessed visually, quantitative case study, compared MODIS/Landsat 
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The CAT Transform 

CAT Transform applied to annual peak greenness time series yields 
three variables: 
•  Change: the largest inter-annual change in greenness during the period 

(whether positive or negative) 
•  Aftereffect: average greenness following the above change 
•  Trend: the overall direction and magnitude of long-term changes in 

greenness for the period 
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Results: Visualization 
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Results: Visualization 
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New (red) and 
recovering (blue) 
cutblocks (clearcuts) in 
Alberta’s forested region 

Wildfire (orange) in 
Alberta’s Rocky Mountains 

New development (red) 
in Alberta’s oil sands 

Irrigation in Alberta’s 
agricultural region, 
showing new fields (white) 
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Results: Quantitative Analysis 

Case study: quantitative analysis of new urban development 
around the city of Calgary, 2001-2011 

Two change classifications – 1) CAT Transform variables, and 2) 
using a before/after approach 
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Change Classification 
(Bi-Temporal) 

Change Classification 
(Multi-Temporal) 

Thresholding Decision Tree 

Overall Accuracy 
= 93.7% 

Overall Accuracy 
= 95.2% 
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Results: MODIS         vs.     Landsat 
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Results: MODIS         vs.     Landsat 
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Results:                  Landsat 

CAT Image Year or change 
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Conclusions 1/2 

Using the CAT transform, it is possible to compress the change 
information  contained in a multitemporal stack of satellite 
images spanning several years into just one image. 
 
The CAT transform creates a striking color visualization where 
changes involving vegetation loss or gain, sudden and gradual, 
can be easily spotted regardless of when in the period they 
occurred.  
 
In addition, the three CAT variables (Change, Aftereffect and 
Trend) are also amenable to quantitative change analysis. The 
year where each particular change occurred can also be obtained 
as by-product of the CAT transform. 
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Conclusions 2/2 

The CAT transform can achieve consistent results across 
different sensors and scales in temperate areas as shown by the 
similarity between the CAT images from MODIS NDVI and 
Landsat NDVI.  
 

The CAT transform can be used as a means of identifying and 
pre-screening training areas for supervised change analysis. It 
also has potential as a standard visualization for conveying 
decadal landscape changes to the public. 
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