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ABSTRACTABSTRACT
The Massachusetts Forest Monitoring Program (MaFoMP) aims to quantify and assess changes 
in forest condition and abundance over the state of Massachusetts from 1973 to present at three 
year intervals. As a statewide mapping program the MaFoMP attempts to identify and utilize 
best practices of regional level mapping using remotely sensed and environmental GIS 
variables. The purpose of this study was to apply methods developed through pilot study 
research to classify 5 scenes of Landsat TM/ETM+ imagery and produce a seamless land-
cover/land-use map of the state. 

INTRODUCTION AND BACKGROUNDINTRODUCTION AND BACKGROUND
Pre-1850, Massachusetts had < 30% forest cover. Today the state is 60-70% covered in forest, 
however small scale selective timber harvesting and peri-urban expansion are currently 
reversing the ongoing trends of state-wide aforestation. 

The Massachusetts Forest Monitoring Program (MaFoMP) uses remote sensing data in 
conjunction with environmental GIS variables to detect changes in forest cover throughout 
Massachusetts. Decision tree classification techniques are employed to map land-cover at 
multiple hierarchical levels, with an emphasis on forest cover. This process relies on extant 
spectral and environmental data. 

There are a number of existing mapping and monitoring programs that attempt to characterize 
large spatial domains (biomes and countries) at medium spatial resolution (i.e., 30 m) requiring 
a mosaic of spectral imagery collected over a span of days, months, or years (e.g., Canada’s 
‘Earth Observation for Sustainable Development of Forests’ or the United States GAP 
program) (see Franklin and Wulder, 2002). In regards to Massachusetts a total of 5 Landsat
scenes are required to encompass the entire state with spectral data, the extents of which are 
illustrated below.
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COMBINING MULTICOMBINING MULTI--SEASONAL DATA SEASONAL DATA 
WITH ENVIRONMENTAL GIS VARIABLESWITH ENVIRONMENTAL GIS VARIABLES
Traditionally, the detection and identification of land-cover change has relied on variables 
derived from spectral imagery alone. Non-spectral spatial data can provide useful information 
for digital image processing, classification, and change identification. Climate, geology, and 
complex topographic variables have proven useful in predictive vegetation mapping (Franklin 
1995).

The study also incorporated multi-seasonal spectral data. Satellite data from different 
phenological phases that captures the seasonal variability of spectral responses in vegetated 
land-cover types has been shown to improve classification of forest cover (Wolter 1995). 

CONCLUSIONS AND FUTURE WORKCONCLUSIONS AND FUTURE WORK
The development of our classification routine inclusive of seasonal spectral data and 
environmental variables has enabled the creation of a remarkably accurate statewide land-
use/land-cover product for the year 2000, which will soon be made available to the public 
through the MaFoMP website at http://www.clarku.edu/departments/hero/forestchange.cfm. 
This product is already being employed in combination with stereo satellite imagery in a 
project which seeks to detect and quantify recent anthropogenically induced land flattening in 
Massachusetts resulting from suburban sprawl and commercial development.

In future work, we will attempt to streamline the classification of earlier Landsat images at 
three-year intervals for the purposes of long-term change detection and analysis, by identifying 
static features from which to develop a set of temporarily invariant training sites. The first 
product created through this modified methodology will be a land-use/land-cover map for the 
year 1997. We also seek to achieve more accurate discrimination within our mixed forest 
classes, employing spectral mixture analysis to extract fractional forest distribution 
characteristics at the sub-pixel level. In addition to this, we continue to evaluate the use of 
other methods of change detection, such as image differencing and classification.
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METHODSMETHODS
Five Landsat scenes were classified independently and mosaicked together to cover the entire 
state of Massachusetts. Classification was performed using a pixel based Classification Tree, 
followed by a 3x3 majority filter to produce realistic landscape management units. 

Satellite data employed for classification of each scene included imagery captured in 
September (representing onset of vegetation senescence in Massachusetts) and October 
(representing advanced vegetation senescence in Massachusetts). Environmental GIS variables 
included in the classification were elevation, slope, precipitation, and surficial geology (used as 
a proxy for unavailable soil information).
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RESULTS AND DISCUSSIONRESULTS AND DISCUSSION
Using the methodology derived through pilot study research, the MaFoMP team was able to 
create a seamless 16 class land-cover/land-use map for the state of Massachusetts. The overall 
statewide accuracy was determined to be 82% through cross validation with independently 
derived ground reference data, ranging from 82% to 85% across the individual Landsat scenes. 

Sponsors

Because the long-term project relies extensively on the accurate depiction of forest cover 
within the state of Massachusetts, special consideration was given to the correct identification 
of forest sites. Overall, the classifier was extremely successful in separating forest cover from 
other land-use, with 92% of forested areas being correctly identified as such, and non-forested 
areas mislabeled as such only about 1% of the time. These slight errors can be accounted for  
by confusion between land types with similar spectral properties, such as forested low-density 
residential properties, orchards, and forested wetlands.

Less impressive, however, was the classifier’s ability to distinguish between categories of 
forest. It was found that pure Deciduous and Conifer forest types were fairly separable from 
one another, but were easily confused with mixed forest land-cover due to the wide-range of 
variability within the class.

Massachusetts Forest LocationsMassachusetts Forest Locations

Other sources of error in the map included confusion between classes with high and similar  
reflectance values, such as bare land-cover classes and high density residential and 
industrial/commercial land-uses, which is to be expected. The full land-use/land-cover map is 
displayed below, inclusive of a legend explaining the accuracy of each class and confusion 
between classes.
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