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Abstract 
 
This study explored the application of a geographic information system (GIS) to a land 
use and land cover (LULC) change detection analysis.  Primary concern was given to 
changes in agricultural and developed land resulting from urban growth, although several 
land use categories were taken into consideration.  Dane County, Wisconsin was the 
location for the study and the LULC raster data layers spanned three time periods 
including the 1970’s, 1992, and 2001.  Objectives included the identification of areas of 
rapid urban growth and how this directly impacted the availability of agricultural land, 
nd the production of extrapolated values illustrating possible agriculturally impacted 
reas due to future urban growth.        
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Introduction 
 
Dane County is located in the south 
central portion of Wisconsin and is home 
to the state capital, Madison.  According 
to the Census 2000, Dane County hosted 
a population of 426,526 and covered a 
land area of 1,201 square miles.  The city 
of Madison is centrally located in Dane 
County with a population of 208,054 in 
2000.  Figure 1 illustrates the study 
location. 

Dane County has historically 
been one of the fastest growing counties 
in the Midwest as well as one of the 
most agriculturally productive counties 
in Wisconsin.  Based on gross 
agricultural sales, Dane County has 
generally ranked first in Wisconsin and 
in the top fifty nationwide (Ventura et 
al., 2002).  Data collected by the College 
of Agriculture and Life Sciences at the 
University of Wisconsin-Madison 

suggested that 67 percent of all the land 
in the county was owned and managed 
by farmers, and the agrarian driven 
economy provided jobs to 23,739 
residents (University of Wisconsin 
Extension et al., 2004).  Economic 
estimates indicated that agriculture 
accounted for $3.19 billion in annual 
economic activity, contributing $1.11 
billion to the county’s total annual 
income (University of Wisconsin 
Extension et al., 2004).    
 Rapid urban growth has occurred 
in many metropolitan areas around the 
United States in the past 30 years.  In 
many cases this was characterized as 
urban sprawl, a term generally referring 
to scattered and uncontrolled urban 
development in suburban environments 
having a negative impact on 
transportation networks, local resources, 
and open spaces (Peiser, as cited in Ji et 
al., 2006).  This has typically involved 



 Figure 1. The study area in southern Wisconsin. 
 
development in rural areas resulting in a 
low population and housing unit density 
for these regions.  This development has 
triggered the fragmentation of farms and 
agricultural land ensuing in the 
depreciation of an economy traditionally 
driven by agricultural production and the 
aesthetic degradation of rural 
communities (Brabec and Smith, 2002). 

This analysis provided evidence 
of rapid urban growth in many rural 
areas of Dane County, which were on the 
fringe of particular urban or suburban 
centers.  Due to the proportionately high 
percentage of agricultural land that exists 
in Dane County, there has been concern 
for the negative impact that urban 
growth may have had on the largely 
agrarian driven society.  This project 
evaluated LULC changes that have taken 
place primarily in the status of 
agricultural and developed land use 
types from three time periods: the 
1970’s, 1992, and 2001.  The LULC data 
for the 1970’s dataset was collected from 
aerial imagery acquired between 1970 
and 1985.  This differs from the 1992 
and 2001 datasets which used data 
collected during the specified years, 
accordingly.  Consideration was also 
given to changes that have occurred with 
regard to other various land use types, 
which may also have impacted 
agricultural land.        

Methods 
 
Data Acquisition 
 
Several datasets were needed to 
complete this research.  Primary datasets 
included three raster data layers 
identifying LULC information for the 
study area.  These datasets were used for 
the core analysis procedures and 
illustrated land use information for the 
1970’s, 1992, and 2001 accordingly.   

The 1992 and 2001 datasets were 
clipped from the National Land Cover 
Dataset (NLCD) created by the US 
Geological Survey (USGS) to 
correspond to the study area.  Each raster 
dataset was produced with a spatial 
resolution of 30 meters.  The 1970’s 
LULC data was acquired from historical 
LULC information created by the USGS.  
The three LULC layers utilized are based 
on the level II classification system 
described by Anderson et al. (1976).   

Other raster datasets utilized 
included a Wisconsin stewardship raster 
dataset created under the USGS Gap 
Analysis program (GAP), and a digital 
elevation model (DEM) created by the 
USGS.  Both datasets were acquired via 
the Wisconsin Department of Natural 
Resources (DNR).  The GAP dataset was 
used to identify land that was owned and 
operated by various state and federal 
agencies.  The DEM was used to create a 
hillshade or relief layer enhancing visual 
acuity for several map outputs.   

Various vector datasets were 
utilized including state and county 
boundaries, roads, cities, and hydrology.  
These datasets were used primarily for 
visual enhancement and clarity rather 
than analysis.  Vector data was acquired 
from the Wisconsin DNR, 
Environmental Systems Research 
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Institute (ESRI), and the National Atlas 
database. 
 Two File Geodatabases (FGDB) 
were created in ArcCatalog 9.3 to store 
the datasets.  One FGDB was used to 
store a majority of data used in the 
project.  The second FGDB provided 
storage for the results of the change 
detection analysis using the raster 
calculator.  All of the datasets were 
compiled into the FGDB’s as standalone 
features at the geodatabase level.  Each 
dataset was then evaluated to ensure it 
contained essential metadata.  It was 
desirable that each datasets metadata 
contained a sufficient amount of 
information regarding its format and 
purpose for the analysis.  Any 
supplemental information necessary to 
fully describe each dataset was then 
added using ArcCatalog 9.3.   
 
Data Limitations 
   
The 1970’s LULC dataset was created 
on a much more regional status, possibly 
resulting in more generalized data than 
the more recent USGS NLCD’s.  
However, it used the same classification 
scheme.  Some of the differentiation 
between datasets may also be a result of 
advancements in technology and the 
enhanced quality of imagery acquisition 
methods in recent years.  Evidence of 
these accuracy considerations was 
observed when comparing the 1970’s 
and 1992 LULC datasets with the 2001 
dataset.  Development of the 2001 
dataset involved a higher degree of 
accuracy, which could be a result of the 
inclusion of transportation networks.  
The 1970’s and 1992 LULC datasets do 
not depict the majority of road networks.  
Instead, they only accounted for some of 
the major highways and interstates as 
seen in Figure 2. 

Projection 
 
All of the data used for the analysis 
procedures in this research were 
projected using the following: 
 

Projected Coordinate System: USA 
Contiguous Albers Equal Area Conic 
USGS version 

Standard Parallel 1: 29.500000 
Standard Parallel 2: 45.500000 
Central Meridian: -96.000000 
Latitude of Origin: 23.000000 
False Easting: 0.000000 
False Northing: 0.000000 
Linear Unit: Meter 

Geographic Coordinate System:  
GCS North American 1983 

Datum: D North American 1983 
Ellipsoid: GRS 1980 
Semi-major Axis: 6378137.000000 
Semi-minor Axis: 6356752.314140 
Flattening Ratio: 298.257222 

 
Data Preparation 
 
Identifying the Study Area 
 
The original LULC datasets were created 
to represent defined regions.  The 1970’s 
dataset encompassed the entire 
northeastern quarter of the United States.  
The 1992 dataset included only the state 
of Wisconsin, while the 2001 dataset 
was divided into an area that included 
Wisconsin, Michigan, and parts of 
Illinois and Minnesota.  Each dataset 
was clipped from its original size to 
represent the study location using the 
raster ‘clip’ tool in ‘Data Management 
Tools’ within ArcToolbox.  The ‘clip’ 
tool was selected because of its ability to 
maintain attribute data integrity and to 
completely redefine the extent of each 
dataset.  
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Figure 2. The sparse linear red markings 
delineate road networks.  
 
LULC Classification 
 
As the need to plan and manage critical 
areas in the landscape increased due to 
rapid changes in land use, a greater 
demand for standardized LULC 
classification procedures arose.  
Anderson et al. (1976) described four 
classification levels to be used with 
LULC data collected through the means 
of remote sensing technologies.  Level I 
was the most generalized, while level IV 
was very specific but difficult to define 
from ordinary aerial photography.  Level 
II classification was used for the three 
LULC datasets in this project.  This 
classification method used a two-digit 
code to define each land use category.  

Table 1 illustrates the 37 level II 
categories characterized by Anderson et 
al. (1976).  Using the Anderson 
classification scheme as a foundation, all 
three LULC datasets were divided into 
21 different land use categories 
predetermined by the USGS.   
 The LULC datasets were 
reclassified using Spatial Analyst in 
ArcGIS 9.3.  Each dataset was 
reclassified according to the level I 
classification system, which 
subcategorized the 37 level II categories 
into only nine classes.  Table 2 describes 
the nine level I classes.  The datasets 
contained some variations regarding 
classification values, reflected in Tables 
3, 4, and 5. This illustrated how each 
dataset was reclassified from its original 
level II categories into level I categories.    
 A description of each level I 
category used in this project can be 
observed in Table 6.  The descriptions 
summarized the level II categories from 
which the NLCD was established.  Full 
descriptions of each level I and level II 
land use categories can be viewed via the 
USGS website.  
 
Data Analysis 
 
The land use change detection analysis 
involved the use of the three LULC 
raster datasets and the GAP dataset.  The 
objective for the analysis was to identify 
areas in Dane County where temporal 
changes occurred in LULC during the 
study interval.  Primary concern was 
given to changes that took place on 
agricultural land due to urban growth.  
However, some changes that took place 
involved other land cover types and were 
worth noting as they occasionally had 
the potential to effect agricultural land in 
a significant way.  The results were in 
numerical and spatial formats.   
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Table 1.  Level II LULC categories based on 
Anderson et al. (1976). 
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Table 2. Level I LULC categories based on 
Anderson et al. (1976). 

 
 
Area Calculations 
 
The area of each land use type was 
determined to enable the observation of 
numerical changes that occurred during 
the study period.  The use of raster data 
allowed for efficient calculations of the 
land use data.  Using the “count” field in 
the attribute table for each dataset, which 
represented the number of cells in a 
particular raster, the surface area was 
calculated for each land use category.  
All LULC raster’s were created using 30 

* 30 meter cells, and therefore could be 
converted into consistent area 
measurements.  The acre was selected as  
 
Table 3. Reclassified land use values for the late 
1970’s LULC dataset. 

 
 
 
Table 4. Reclassified land use values for the 
1992 LULC dataset. 

 
 
 
Table 5. Reclassified land use values for the 
2001 LULC dataset. 

 



Table 6. NLCD class descriptions (Adapted from U.S. Geological Survey, 1999).

 
 
the unit of measure to represent the data 
due to its common use as a unit of 
measurement for surface area throughout 
the United States.   
 With the understanding that one 
square meter equals 0.000247 acres, the 
conversion used to transfer each dataset 
from square meters to acres was as 
follows: 
 

“count” (number of grid cells per 
category) * .222394 (amount of acres 
per every 30 * 30 meter cell). 

 
Tables 7, 8, and 9 reveal the results of 
these calculations for each LULC 
category and each temporal period.   
 The results indicated several 
LULC changes, some of which were 
substantial.  To help clarify some of the 
results, Figure 3 illustrates the changes 
that occurred in the four largest LULC 
categories for each of the three datasets; 
developed, agricultural, forest land, and 
wetland.  The most substantial changes  

 
took place in the developed and 
agricultural categories.   

Between the 1970’s and 1992, 
agricultural land area decreased by 3.67 
percent.  Over the course of the 
following nine years from 1992 to 2001 
the decline rose to 17.05 percent.  This 
resulted in an annual loss rate of 1.89 
percent for this time period.   

While agricultural land area 
decreased, developed land increased 
overall.  However, between the 1970’s 
and 1992 the results were unexpected.  
According to the datasets, developed 
land experienced a decline of 18.06 
percent. This may be a result of accuracy 
concerns regarding the 1970’s dataset.  
Conversely, from 1992 to 2001 
developed land increased by 163.97 
percent, an annual rate of 18.22 percent.              

Substantial changes in forest land 
and wetland took place during the study 
interval as well.  Both land cover types 
experienced an overall increase in land 
area.  From the 1970’s to 1992 forest 
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land experienced an increase of 58.48 
percent.  Between 1992 and 2001 this 
increase declined to 9.38 percent.  
Wetlands experienced a decrease of 
40.94 percent between the 1970’s and 
1992, but exhibited an increase of 179.94 
percent from 1992 to 2001.  This 
resulted in 13,509 more wetland acres in 
the 2001 dataset than in the 1970’s 
dataset.     

Figures 4, 5, and 6 illustrate the 
spatial LULC changes that took place 
during the period of study.  An 
evaluation of the developed areas, shown 
in red, reveals minimal visual change 
from the 1970’s to 1992.  However, from 
1992 to 2001 the developed area 
increased greatly.  Not only did the 
primary metropolitan center increase in 
density extensively, but many of the 
outlying communities also experienced 
significant visual expansion.  Figures 4, 
5, 6 also illustrate a gradual increase in 
forest land during the study interval.     
 
Unavailable Land 
 
One issue in calculating appropriate area 
measurements involved accounting for 
land that is unavailable for agricultural 
or development purposes.  In this 
analysis a GAP dataset was used to 
determine which parcels of land were 
classified as national, state, or local park 
lands.  The LULC datasets did not take 
these parcels into consideration.  For 
example, an area classified as 
agricultural land in 1992 may actually 
have been land that was unavailable for 
agricultural use due to its land 
stewardship classification.  However, it 
was assigned as agricultural land due to 
the type of land cover.  Identifying these 
areas allowed for alternative area 
calculations for each land use class.  Any 
area that fell within a GAP region was 

subtracted from the total available land 
use category.  Tables 7, 8, and 9 reflect 
these calculations in the ‘acres – GAP’ 
column.   
 
Change Detection Analysis 
 
Spatial analysis of the LULC raster 
datasets was accomplished primarily 
with the use of the raster calculator, 
accessed through the ArcGIS Spatial 
Analyst extension.  The raster calculator 
evaluated cell values between selected 
raster layers using map algebra 
statements.  The objective was to 
produce numerical and spatial results for 
an LULC change detection analysis.  
The analysis involved an evaluation of 
the LULC changes that took place during 
the study period with regard to 
agriculturally classified land.  
  
Table 7. 1970’s conversion to acres. 

 
 
Table 8. 1992 conversion to acres. 

 
 
Table 9. 2001 conversion to acres. 
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dataset, but was classified as anything 
different in a more recent dataset.     
 The majority of agricultural land 
use change that took place involved 
developed land.  However, a large 
amount of agricultural land also 
transitioned into forest land or wetland.  
Numerical results are represented in 
Tables 10, 11, and 12.  The results 
indicate a greater amount of change 
taking place during the 1992 to 2001 
interval than what was observed during 
the 1970’s to 1992 interval.  Figures 7, 8, 
and 9 illustrate the spatial changes that 
occurred during the intervals.      
 
Extrapolations 
 
The analysis included the construction of 
potential LULC conditions for specified 
future periods, based on historical 
growth patterns.  Utilizing the ‘Forecast’ 
function in Microsoft Excel, future 
acreage values were calculated based on 
a linear model.  The results are 
dependent on the previous growth or loss 
rates for the range of data.  The dates 
selected for the extrapolations were 
2020, 2030, and 2040. 
 The 1992 and 2001 LULC 
datasets were created using imagery 
acquired during a specific year.  As a  
result these definitive years could be  
used to extrapolate the values for a later 
time period.  However, the 1970’s LULC 
dataset was produced using aerial 
photography collected from 1970 to 
1985.  The variables for the ‘Forecast’ 
function required definitive values.  
Therefore, the date 1978 was used to 
represent an average time period for the 
dataset. 
 For purposes of this analysis, 
only the developed and agricultural land 
use categories were taken into  

Table 10. The amount of acres that changed from 
agricultural land to the respective LULC class 
during the interval of the 1970’s to 1992. 

 
        
Table 11. The amount of acres that changed from 
agricultural land to the respective LULC class 
during the interval of 1992 to 2001. 

 
 
Table 12. The amount of acres that changed from 
agricultural land to the respective LULC class 
during the interval of the 1970’s to 2001. 

 
 
 

 
Figure 7. Designates spatially where agricultural 
land became another class during the interval of 
the 1970’s to 1992. 
 
 

 
Figure 8. Designates spatially where agricultural 
land became another class during the interval of 
1992 to 2001. 
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Figure 9. Designates spatially where agricultural 
land became another class during the interval of 
the 1970’s to 2001. 
   
consideration for the extrapolations.  
These categories experienced the 
majority of change and encompassed the 
largest portion of LULC in Dane 
County.  The numerical results were 
based on the assumption that the LULC 
categories continued to follow a similar 
growth or loss rate respective to the 
historical rate of change.  Table 13 
defines the total number of acres for 
developed and agricultural land that 
resulted from a continuation of historical 
and current rates of change.  Figure 10 
reflects how the percent of land in Dane 
County could rapidly transition from 
being largely agricultural to developed 
land.  This analysis did not take into   
consideration the changes that might 
have taken place with regard to other 
land use classes, which may have 
affected this rate of change. 
 Several variables could have 
played a role in the rate of growth or loss 
of land use classes.  The former 
calculations did not take these variables 
into consideration, as it would have 
required a great deal of resources to 
accurately represent the extrapolations 
while considering potential variables.  
One assumption not accounted for in this 
analysis included limitations due to the 
carrying capacity for the various 
municipal and county infrastructures.  
An additional assumption involved 
several land cover or environmental 
factors which could have limited urban 

growth or agricultural use.  Some of 
these factors may have included terrain, 
slope, soils, and land cover such as 
wetland or preserved areas that might 
limit use.   
 
Considerations 
  
LULC changes that took place in Dane 
County, WI from the 1970’s to 2001 
could be a result of several factors.  
Some of these factors may involve 
legislative regulations or land values.  
The objective of this research does not 
involve an evaluation of the 
effectiveness or legitimacy of any of the 
following variables.  Rather, the research 
provides a description of possible factors 
that may contribute to some of the 
LULC transformations that have taken 
place. 
 
Conservation Programs 
 
Federal and state governments have 
implemented a variety of regulations 
related to conservation practices.  Some 
of the conservation programs that may 
have influenced LULC changes included 
Conservation Reserve (CRP), Wetlands 
Reserve (WRP), Grassland Reserve, and 
the Farm Bill.  Many of these programs 
involved the restoration, preservation, 
and protection of various land cover 
types.  This may have prevented the 
application of these land use types for 
human development, whether 
agricultural or urban in nature.  Some of 
these programs may or may not have 
been established early enough to be 
reflected in the results of this analysis.  
However, an increase in many of these 
programs could have potentially resulted 
in the expansion of wetland and forest 
areas or a limitation of urban or 
agricultural development into these  
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Table 13. Extrapolated acreage values for 
agricultural and developed land.  

 
 
 

 
Figure 10. Illustrates the extrapolated pattern of 
growth or loss for agricultural and developed 
land use categories.    
 
regions.  As described in this analysis, 
forest land and wetland areas 
experienced gradual growth during the 
study interval.  This may have reflected 
an increase in conservation programs 
established prior to the beginning of the 
study period.   
 
Land Values 
  
Land values were another factor to be 
considered as part of this analysis.  As 
urban development progressed into rural 
areas, economic land values tended to 
increase substantially causing the 
conversion of agricultural land to non-
agricultural land (Bastian et al., 2002).  
As the spatial analysis illustrated, the 
majority of observed change in 
developed land was an expansion of 
current urban areas, or fringe 
development, rather than new 
development occurring in distant rural 
locations.  

 Paul Musser is the assessor for 
the Town and City of Middleton, City of 
Verona, and several townships and 
municipalities on the western fringe of 
the Madison metropolitan area. Musser 
(2008) suggested that land values 
increased rapidly during the 1990’s, 
although there has been a gradual 
increase since 1982 when he became an 
assessor in this area of Dane County.  
According to Musser, agricultural land 
values on the fringe in 1982 were 
approximately $10,000/acre, and 
increased to roughly $100,000/acre in 
2001 or thereabouts.  The increase in 
agricultural land values in Dane County 
may have encouraged the sale of 
agricultural land to be used for other 
purposes, and could be reflected in the 
decline of agricultural land in this 
region.     
 
Results 
 
Despite the difficulties encountered 
during the development of this project, 
primarily in the areas of data acquisition 
and production, geographic information 
systems provided an accurate and highly 
functional platform for an LULC change 
detection analysis. As Dane County’s 
agriculturally based society has declined 
and the metropolitan and suburban areas 
have expanded, local governments and 
agricultural land owners have been in 
greater need of resources to help manage 
this dynamic environment.  The visual 
and numerical findings provided a 
resource capable of increasing the 
awareness of residents and land use 
planners to the rapid land use changes 
that have recently taken place in Dane 
County.  Geographic information 
systems produced information that could 
be useful not only to professionals, but to 
the community as a whole.   
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