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Past states of landscapes must be known to understand present 
land change trends and predict the future land-cover of a 

landscape. In the absence of a digital historical database, data
that are available for a study area to make land-cover change 

predictions, change evaluation, and proper planning decisions is
limited. However, in the 1950's finely detailed thematic land cover 

maps were created from aerial photography. Updating these 
maps to digital form enables a better understanding of what was 

happening in the 1950s. A historic land-cover database for 
Worcester and the nine surrounding towns was digitized. Then, a 

novel map legend manipulation method was imposed on the 
1950s data to prepare it for map comparison with data from the 

1970s and 1990s. Lastly, change detection was performed 
between the newly created 1951 datalayer and other available 

datalayers of land-cover from years 1971, and 1999. The 
digitization process included the initial scanning of paper maps, 

geo-referencing these newly created images, vectorizing the 
information displayed by the images, and generalizing the fine 

thematic detail of the original dataset to match datalayers of the 
same area. 
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Massachusetts Geographic Information System (MASSGIS) distributes 
land use data made from the same efforts that came out of the 1951 
dataset and they are temporally explicit to1971, 1985, 1999. However, for 
the earliest data available, there is a limited thematic resolution; only the 
first 21 categories of land use are available, unlike the 1985 and 1999 
data in which the full 37 categories are available. In order to match these 
disparate data, common features had to be identified between them and 
then appropriately assigned to a new classification system. This system is 
in common use today and dates back to 1976 (Anderson et al 1976). 
Intense scrutiny was given to each category before it was assigned to one 
of the basic seven Anderson Level I categories of Built or Urban, 
Agriculture, Rangeland, Forest, Water, Wetland, and Barren

Abbreviated Anderson 
Level I Definitions:

Built/Urban: These lands
are areas that 

traditionally have 
structure upon them.
Agriculture: These lands 
are areas that produce 
food or fiber.
Rangeland: These areas 
are covered by shrub, 
brush, or grass 
predominantly.
Forest: These areas are 
stocked with trees, hard 
or soft. 
Water: These areas are 
persistently covered by 
water.
Wetland: These areas 
represent places where 
the water table is near or 
at the surface.
Barren: These lands 
usually represent areas 
that cannot support 
vegetative life, or land in 
transition.

The study area includes 10 cities/towns: Auburn, Boylston, Grafton, Holden, 
Leicester, Millbury, Paxton, Shrewsbury, West Boylston, and Worcester, 
Massachusetts. 

The combined population of the study area is approximately 270,000 
people. Worcester is the largest city/town in the study area, with a 
population of around 170,000. Worcester is the third largest city in New 
England, after Boston, MA and Providence, RI. 

The Worcester area was selected as a study site because a majority of the 
research conducted at Clark’s Human Environmental Regional Observatory 
(HERO) focuses on land-use and land-cover change and its effects on the 
environment in the Central Massachusetts area. Worcester and its
surrounding towns are being developed at alarming rates (Losing Ground 
2003).  The result of this development is deforestation and other types of 
land-cover changes on a tremendous scale.  
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Introduction

Abandoned field 
reverting to wild

land. If there was 
greater canopy closure,

would be classified as Forest. 

and transportation lands make up the urban type.

Industrial, 
commercial,
residential,

Forest Land is classified 
by a  system that 

describes the forest by 
species, height and density.

The original use of these data are not 
explicit since they have been used for 
so many other applications since the 

mapping project was first undertaken in 
1951 to map the land use and vegetative cover for wildlife habitats. 
These data were produced by photogrammaticians using 1:20000 
scale aerial photography and the classification system was 
designed to be flexible in order to support backwards compatibility 
with older systems, as well as able to handle the abilities of more 
modern classification techniques and data. It is worthy to note that 
the original authors made these data to be able to evaluate and 
quantify environmental changes in Massachusetts. 

An easy way to describe Massachusetts at that time period 
would be to say that the landscape was comprised of scattered 
population centers connected by populous strands that spread 
along major transportation corridors. Large sparsely settled areas 
of farm, forest, and wetlands were spread over the landscape 
between the populous strands, which were not all connected. The 
authors of that mapping project wished that by knowing landcover
from earlier dates, it would be possible to better predict and cope 
with the future trends in land change in Massachusetts.

Other data used in this project have come from Massachusetts 
Geographic Information System (MASSGIS) and were similarly 
constructed.
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1951 and 1971 Results Comparison
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Losses Gains TotalChange Net Swap
Built/Urban 2 14 16 11 4
Agriculture 6 2 8 4 4
Rangeland 7 2 9 5 4
Forest 10 12 22 2 20
Water 1 1 2 0 2
Wetland 2 1 3 1 2
Barren 6 3 9 3 5
Unknown 0 0 0 0 0
Total 34 34 34 13 21

Agreement due to Chance 13
Agreement due to Quantity 23
Agreement due to Location 30
Disagreement due to Location 21
Disagreement due to Quantity 13

1971 and 1999 Results Comparison

Losses Gains TotalChange Net Swap
Built/Urban 0 9 10 9 1
Agriculture 1 0 1 1 0
Rangeland 1 0 1 1 1
Forest 7 1 8 6 2
Water 0 0 0 0 0
Wetland 0 0 0 0 0
Barren 2 1 3 1 2
Total 34 34 34 13 21
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Agreement due to Chance 14
Agreement due to Quantity 24
Agreement due to Location 50
Disagreement due to Location 3
Disagreement due to Quantity 9

1951 and 1999 Results Comparison

Losses Gains TotalChange Net Swap
Built/Urban 2 22 24 21 4
Agriculture 7 2 8 5 4
Rangeland 7 1 8 6 3
Forest 15 11 26 4 22
Water 1 1 2 0 2
Wetland 2 1 3 1 2
Barren 6 2 8 5 4
Unknown 0 0 0 0 0
Total 40 40 40 21 19

Agreement due to Chance 13
Agreement due to Quantity 21
Agreement due to Location 27
Disagreement due to Location 19
Disagreement due to Quantity 21
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Results
The results show significant change between the years 1951 and 1999. As 
demonstrated in the above tables, there can be change in quantity and 
location that can be derived from crosstabulation matrices. Therefore, a more 
accurate description of the change can be described than just characterizing 
the change as only forty per cent change between the two dates. 

The greatest gain can be seen in the Built/Urban Category that gained 21% 
over the forty eight year time span and the greatest decreases are observed 
in the Agriculture and Rangeland category which fell 5% and 6% percent 
respectively. 

In the first time series between 1951 and 1971, there was a net forest 
regrowth of 2%, and in the second time series a forest loss 6% was 
observed. The Forest Category, although net change was low, exhibited a 
large swap value which means that while forest was lost, it also was gained 
in other locations. 

Urban gained steadily in throughout both time series, while Wetland stayed 
stable throughout the time series.

Conclusions and Future Work
Change occurred between the time span of 1951 and 1999 in central 
Massachusetts. It is important to  note that although change is said in this 
study, what is actually occurring is the difference between the two dates, be 
that actual land cover change or error. However, as the originator of the maps 
stated, they are being used for land-cover change detection and prediction.

Future work will investigate ways in which to better the current process of 
digitization of these land-use data. Also, a full validation of the digitized maps 
will be carried out in both thematic accuracy as well as georegistration
accuracy. 
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