
Introduction
Forest loss, degradation, and fragmentation pose some of the greatest 
threats to biodiversity in the United States.  Numerous studies have 
linked forest fragmentation with alterations in microclimate, species 
richness and distribution, species endangerment, and important 
ecological processes (Kupfer and Franklin 2009). The landscape of 
Massachusetts has undergone significant transformation over the past 
40 years due to new residential and commercial development 
(McCauly 2009; DeNormandie 2009).  Understanding the process of 
forest fragmentation over time will help to facilitate sustainable 
development and conserve unique habitat.  

In this study morphological spatial pattern analysis (MSPA) is used to 
characterize the spatial configuration of forested land in the state of 
Massachusetts for the year 1990 and 2000. The two dates are 
compared using the land change modeler (LCM) (Idrisi Taiga, 2009). 
Fragmentation results will then be used to assess the effect of town 
level planning policy on forest configuration and condition.

Methodology
1. Morphological Spatial Pattern Analysis (MSPA):
MSPA is a method of image processing, based on 
the principles of mathematical morphology, which 
is used to analyze shape and form.

2. Comparison of MSPA fragmentation maps using LCM:
o Cross tabulation is used to quantify the gains and losses for each 

category and the net change. Identifies the contributors to change 
in the core forest and non-forest classes.

o Trend surface analysis (TSA) creates a best fit polynomial trend 
surface. TSA is designed to extract generalized information from 
the map, which reflect regional trends. 

3. Town Level analysis:
The data from the MSPA fragmentation maps is extracted for the towns 
of Berlin, Bolton, and Marlborough.  These towns were chosen because 
they represent low, medium and high growth towns over the study 
period. Changes to forest structure are linked to municipal policy.
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Morphological Spatial Pattern Analysis (MSPA) Outputs

Study Area 
The landscape of Massachusetts is heterogeneous, consisting of many 
different land-cover types and land uses.  Historic land-cover trends 
across the state have led to a unique and diverse landscape (McCauley 
2009). Despite being a highly developed and populous state, forested 
land covers over 40% of Massachusetts (HERO 2009).  Strong 
interactions between forested lands, development, and other human 
land-uses are present throughout the state. The period between 1990 
and 2000 is important to study because during this time Massachusetts 
experienced widespread deforestation due to residential and 
commercial development (McCauley 2009).

Data

Two land-cover maps were used in this study, one from 1990 and the 
other from 2000. The two land-cover maps used in this analysis were 
created using Landsat Thematic Mapper and ancillary variables 
(MaFoMP 2009).  The maps represented 16 land-cover classes at 30 
meter pixel resolution. The overall agreement of the 1990 and 2000 
maps were 90% and 87%, respectively
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Definition of Morphological Spatial Pattern Analysis (MSPA) Classes

Core Foreground (aka. forest) pixels surrounded on all sides by foreground pixels and 
greater than the specified edge width distance from background

Bridge Foreground pixels that connect two or more core areas

Loop Foreground pixels that connect an area of core to itself

Branch Foreground pixels that extend from an area of core, but do not connect to any 
other areas of cores

Edge Pixels that form the transition zone between foreground and background

Perforated Pixels that form the transition zone between foreground and background for 
interior regions of the foreground. 

Islet Foreground pixels that do not contain core and are unconnected

MSPA Parameters:

• Edge width = 30 m

• Connectivity = 8 
directional
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The transition surface analysis (TSA) 
maps to the left show the general and 
regional trends of transition. The map 
on the far left shows transition from 
core forest to any of the other classes. 
Notice the highest values in the 
central portion of the state, primarily 
in Worcester county.  The map to 
immediate left shows the transition 
from all forest classes to non-forest.  
Notice that transition is concentrated 
more toward the northeast  and 
follows the 495 corridor 

Detailed example from 1990 Detailed example from 2000 Bolton
Medium growth town

•The population of Bolton increased by 
about 14% over the study period

•The ratio of core forest lost to non-
forest gain is 126 ha lost for each100 ha 
gained

•Over the study period residential land-
use increased by 52%

•The rural nature of the town is 
preserved and most of the area is 
zoned for two acres lots and multi-
family housing is prohibited

Township Analysis

Main Findings

1990

2000

The three towns chosen for analysis represent  a high , medium and 
low growth scenario between 1991 and 2001 (McCauley 2009).   Forest Fragmentation 1990 Forest Fragmentation 2000

There are several important findings from this research:  (1) over the study period core forest decreased 
by  2.64 percent of the study area and non-forest increased by 2.15 percent; (2) a majority of the 
transitions from core forest and to non-forest are concentrated in the central portion of the state around 
interstate 495; (3) town level analysis shows that per acres of non-forest growth more core forest is lost 
in towns with stricter zoning restrictions (such as exclusively 2 acres zoning).  The combined pixel level 
transition information and transition surface analysis (TSA) provides both specific information that 
quantifies the change and general information on spatial trends of transition.  The results of the study 
correspond well with the land conversion trends that are being observed throughout the state.  The 
methodology can be applied to other study areas or used in combination with lifeform or species-
specific vegetation maps to monitor fragmentation as it affects particular forest ecosystems. 
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Marlborough
High growth town

•The population in Marlborough 
also increased by about 14%

•The ratio of core forest lost to 
non-forest gain is 92 hectares lost 
for each100 hectare gained

•Forests decreased by 15% over 
the study area

•Due to the cities industrial past 
the zoning restrictions in 
Marlborough are more diverse 
including low, medium, and high 
density development
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Berlin
Low growth town

•Over the study period the population in 
Berlin increased by about 8%

•The ratio of core forest lost to non-forest 
gain is 136 ha lost for each 100 ha gained

•Experienced a low amount of growth, 
only 4% of the study area

•The agricultural and rural history of the 
town are still present, residential zoning 
is exclusively for two acre lots and multi-
family housing units are prohibited 
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