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1.0.0 INTRODUCTION 
 

Urban sprawl has become the catchphrase that describes the way of life for many South 

Jersey residents. Rapid regional growth at the expense of the State’s most precious 

natural resources, farmland, and open space make controlling sprawl a top priority for the 

eight southern counties of Southern New Jersey. Today, urban sprawl has been 

recognized by elected officials, developers, and the public as a major concern. The needs 

for better land use management and urban growth policies have given rise to this study of 

land use modeling. 

 

1.0.1 Market Oriented Development 

 
Since the 1950s, urban development in the United States has been dominated largely by 

market mechanisms or demand1. Market driven urban development was characterized by 

the movement of residential, commercial, and industrial land uses to the urban fringe.  It 

led to the conversion of rural areas, located near major metropolitan centers, into low-

density, single-family residential subdivisions and strip commercial developments. 

 

Proponents of the market-oriented approach of development argue that growth should be 

ruled by market forces and focused on consumer demands. The major principles of 

market oriented development include: 

 Putting consumers at the heart of growth management; 

 Limiting the role of government in development to providing general framework 

for market adjustments; 

 Making local government and urban planning as value neutral as possible. 

 

This approach advocates: commitment to growth as opposed to preservation; free or 

private enterprise as opposed to government controls; and dispersion and low density 
                                                 
1Knapp, G.J. (2001). Land Market Monitoring for Smart urban Growth. Cambridge, MA: Lincoln Institute 
of Land Policy. 
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housing in contrast to contained and high density housing. The direct effect of such 

policies resulted in the creation of new municipalities. These towns, with only minor 

exceptions, have not attracted job opportunities, contribute to more people driving than 

using public transportation, and have not provided public housing so that minority groups 

have been unable to take an advantage of these new developments.  

 

The high cost of market driven development does not allow Southern New Jersey to 

continue to relay on this type of growth.  Data recently released by the U.S. Census 

Bureau leads us to the conclusion that what we are seeing in Southern New Jersey is a 

shift in the population from the older cities to the suburbs.  In 1980, the percentage of 

South Jerseyans who lived in urban areas stood at 64.6% while those living in outer ring 

suburban cities, fringe cities, and rural areas consisted of 35.4% of the population.2  By 

2000, the number of those South Jerseyans remaining in urban areas had decreased to 

57.9% while the percent of those now living in non-urban areas increased to 42.1%. From 

1980 to 2000 the total population in the New Jersey increased by 16.2%, while the 

growth rate for developed land was 76.5%. Besides the fantastic speed of the 

consumption of available land; the pattern of land use development during the past two 

decades is not satisfactory. Low-density, scattered development has dominated newly-

developed land use patterns for the last 20 years. Without effective planning policies, 

urban sprawl will continue to fragment natural spaces and threaten productive agriculture, 

clean water, and the survival of forests and wildlife. 

 

1.0.2 Planning Approach to Development 

 
The market approach to urban sprawl can be contrasted by centralized planning and 

control of development. The planning approach to development emphasizes development 

                                                 
2 The U.S. Census Bureau defines Urban Areas as an area comprising of one or more places ("central 
place") and the adjacent densely settled surrounding territory ("urban fringe") that together have a 
minimum of 50,000 persons.  The urban fringe also includes outlying territory of such density if it was 
connected to the core of the contiguous area by road and is within 1 1/2 road miles of that core, or within 5 
road miles of the core but separated by water or other undevelopable territory.  Other territory with a 
population density of fewer than 1,000 people per square mile is included in the urban fringe if it eliminates 
an enclave or closes an indentation in the boundary of the urbanized area. 
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control through regulations and advanced planning. Government on federal, state, and 

local levels plays an important role in all stages of urban planning. The major goals of the 

planning approach to development include: 

 Development control through regulations;  

 Urban containment, land protection, and agricultural land conservation; 

 Monitoring the process of development and acting as needed according to the 

intended plans. 

The implementation of these goals may include the following side effects: high land 

prices, small housing units, and poor adaptation to increased traffic, as in the case of 

Great Britain3.  

 

Data suggest that development in the state cannot continue to be driven purely by the 

market forces.  Additionally it is understood that centralized planning is not an option for 

New Jersey due to the historical establishment of home rule that is the basis of 

governance through out the states municipalities. It is highly unlikely that each 

municipality will agree to give up its power to make decisions about its own development 

process to the state or federal government.  

 

1.0.3 An Alternative Approach to Development 

 
As an alternative to market oriented development and the centralized planning 

approaches this report offers a more pragmatic solution to growth. This alternative 

approach advocates coordinated, comprehensive planning processes that encourage urban 

revitalization, open space preservation and simultaneously promote sustainable economic 

development. The land use simulation model developed at the Senator Walter Rand 

Institute for Public Affairs, WRI, will enable policy makers, planners, developers and 

community groups to see where the potential new development may take place and to 

what extent the existing communities and urban centers may be redeveloped. As a result, 

                                                 
3 Clawson, M. & Hall, P. (1973). Planning and Urban Growth: An Anglo-American Comparison. 
Baltimore, MD: The John Hopkins University Press.  
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this model will allow all stakeholders involved in the development process to coordinate 

their efforts. The next section will elaborate more on the origins and goals of the study. 

1.1.0 Project Origins 
 

The Smart Growth in Southern New Jersey project was initiated in the summer of 2001. 

The study was initially comprised of three phases: 

 Phase One:  developed a research report that forecasts what Southern New Jersey 

would look like in the coming years should the present political, economic and 

regulatory environment for development persist. 

 Phase Two: organized a series of meetings with experts (national as well as 

regional), organized interests and leading citizens to assess the report and develop 

smart growth options based on a survey of national best practices, but tailored to 

the challenges and opportunities of South Jersey.  

 Phase Three: attempts to bring elected officials and decision makers into the 

process to develop policy options and recommends regional development and 

cooperation.  

 

The first two phases were accomplished within two years. As a result, the WRI produced 

the following outputs: 

 Public opinion surveys on regional identity and development; 

 The qualitative survey of 37 key actors involved in the development process; 

 Linear projections of land use trends.  

It was decided before proceeding to the third stage and presenting the results to public 

officials, to develop the study further and implement a Geographic Information System 

(GIS)-based forecasting model of development trends and land use.   

 

The land use modeling allows not only understanding of the mechanisms that govern land 

use, but most importantly it allows illustrating the impact of various policy scenarios on 

development. Researchers, using GIS forecasting models, predicted future land 

development by indicating the location of new development that would most probably 

occur given certain policy assumptions and historical trends. The land use simulation 
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modeling allows researchers to compare the outcomes of alternative development 

scenarios and to recommend the optimal scenario to policy makers, officials, and citizens 

of Southern New Jersey. 

 

1.2.0 Study Area 
 

Initially the area of the study included eight counties in Southern New Jersey. As there is 

no official dividing line separating the region from Central and Northern New Jersey, for 

the purposes of this study, Southern New Jersey is defined as the area containing 

Atlantic, Camden, Cape May, Cumberland, Gloucester, and Salem Counties as well as 

the majority of Burlington and Ocean Counties.  Although Southern New Jersey is often 

analyzed as a whole, due to overarching regional trends within the region, it was divided 

into three distinct regions: the Metropolitan Zone, the Atlantic Coastal Zone, and the 

Southwestern Zone. 

Funding limitations and time constraints limited the research area to the Metropolitan 

Zone. The Metropolitan Zone, consisting of Camden, Gloucester, and Burlington 

Counties, is the most populated of all three zones.  Map I illustrates the boundaries of this 

region.  
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MAP I 

 

 
Serving as an overflow region to the greater Philadelphia area, this region has become 

known for its high-tech research and development centers, modern electronic plants, and 

vital U.S. military installations.  Despite these industrial and technological successes, the 

Metropolitan Zone fell behind the Atlantic Coastal region in terms of population growth.  

From 1980-2000, the population within the Metropolitan Zone grew by 14.8 percent 

compared to the Atlantic Zone which grew twice as fast at 28.2 percent.  Although the 

Camden urban area remains the most densely populated area in the region, the growing 

trend is a scattering of this population throughout suburban and open spaces 

 

1.2.1 Three counties of the Metropolitan Zone 

 
 Burlington County  
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Burlington County is the largest county by area in the state, touching both the Delaware 

River in the northern part and the Atlantic Ocean in the southern part. The County is 

comprised of 40 municipalities. Most of them, including the County Seat Mount Holly, 

are located along the northern border of the County. Development of the County was 

significantly influenced by the fact that the major traffic routes such as Interstate 295, NJ 

Turnpike, US Routes 130 and 206 are located in the northern part of the County. The 

largest portion of land (60%) in the County is occupied by forests and wetlands. 

However, the growth in urban land use as well as population growth (7.2%) contributed 

to almost 10,000 acre decrease in open space and agricultural lands (75,350 acres in 1986 

to 64,826 acres in 1995). In the same time, from 1986 to 1995, urban land experienced a 

17.5% growth.  

 

 Camden County 

Camden County is one of the most densely populated (2,289 persons/square mile) counties in 

the state. The County area is divided between 34 municipalities, however, only three of which 

are located in the southern part of the County. The extremely poor and depopulated County 

Seat, the City of Camden, stands in stark contrast to the affluent and well-developed central 

part of the County. Camden County is the only county in Southern New Jersey that 

experienced employment decline. Total employment in the area decreased by 0.9% from 

1990to 1997. Between 1986 and 1995 agriculture experienced the highest among the eight 

southern counties decline of 20.99%, it went down from 12,915 acres to 10,204 acres. Urban 

land use increased from 64,950 in 1986 to 69,236 acres in 1995, barren land also expanded by 

10.57%. Other lands including forests and wetlands experienced various levels of decrease.  

 

 Gloucester County 

Surrounded by the Delaware River in the northern part, Gloucester County is located between 

Salem and Camden Counties, bordering with Cumberland and Atlantic Counties in the 

southern part. The County belongs to the metropolitan area of Philadelphia and located within 

one-hour drive from Atlantic City. The economic profile of the County is shaped through the 

combination of agriculture and industry. Farming in all of its phases is highly established and 

developed. Gloucester County is one of the chief food producing sections of the state. 
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According to the data, the County’s land experienced a severe deterioration over the 9-year 

period from 1986 to 1995. Barren land increased by a shocking 37.53% while agriculture and 

forests significantly decreased by 12.87% and 2.15%, respectively. Urban land use went up by 

17.30%.  

 

More information on these three counties and the additional five counties that were excluded 

from this study is located in Appendix 1-A.  

 

1.3.0 Goals of the study 

Using the data on population growth, employment, land use type, household density, 

distance to metropolitan centers, and other variables, this study aims to illustrate the 

effect of two different development scenarios on the future growth of the previously 

described three counties. These two development scenarios for the year 2020 will be 

generated using a GIS-based forecasting model. The outcomes of the two scenarios will 

be compared for the purpose of informing policy makers, officials, and citizens of 

Southern New Jersey about the future trends in development and recommending the 

optimal strategy for the prevention of urban sprawl and the establishment of smart 

growth.  

 

1.3.1 Regional Growth Policy Scenarios 

 
The Business as Usual scenario assumes that the development process continues to be 

guided by the preferences of the private marketplace. It assumes that growth policies and 

restrictions would not be coordinated among municipalities and counties, meaning that 

the development is subject to existing locally based growth policies. Should there be 

insufficient developable land in a city sphere-of-influence to accommodate the projected 

population growth for that city; the excess would spill over into the nearby undeveloped 

areas. The only policies that regulate the development process are: 
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 The new residential development occurs at the county’s average population 

density in suburban area; 

 Twenty percent of the population growth is accommodated by the cities in the 

form of “infill” (redevelopable parcels within city boundaries); 

 Existing State Open Space protection, Federal-owned Open Space protection, and 

Pinelands protection; 

 Development is not allowed in the wetland area4. 

 

The Smart Growth scenario assumes that the state-wide adoption of policies designed to 

promote compact and contiguous development forms aiming to improve the areas of 

housing, economic development, transportation, natural resource conservation, 

agriculture and farmland retention, recreation, urban and suburban redevelopment, and 

historic preservation. To promote the smart growth scenario the following policies are 

adopted: 

 All new residential development will occur at the metropolitan zone average 

population density; 

 All cities adopt a policy of accommodating 60% of the population growth in the 

form of “infill”; 

 Existing State Open Space protection, Federal-owned Open Space protection; 

Pinelands protection, and Farmland protection (which is not present in the 

previous scenario); 

 Development is not allowed in wetland area 

 

2.0.0 METHODOLOGY 

 
After comparing several mainstream land use models currently available in the market, the 

research team decided to follow the methodology that was first introduced by John Landis and 

his colleagues in California. The advantage of this model in comparison with other land use 

                                                 
4 The wetland area in the model is not defined according to the Freshwater Wetlands Protection Act of 
July 1, 1987 due to the unavailability of the spatial representation of the wetland protection areas. In both 
scenarios development does not occur in all wetland areas of the state. 
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models is that it yields reasonably good explanatory power in predicting future land use 

patterns upon various policy assumptions. A brief description of all land use models is 

available in Appendix 1-B.  

The main goal of the simulation modeling is three folded:  

 Using the multinomial logistic regression procedure, generate a model for each of the 

counties in Southern New Jersey and outline the various factors that impact land use 

development during the period of 1986-1995; 

 Generate land use development probability map which shows the probability of each 

site being developed or redeveloped into various land use type (residential, 

commercial, industrial, etc.). This probability map is derived from the land use pattern 

formulated between 1986 and 1995, with the assumption that previous trends will 

continue until the projection year 2020;  

 Based on the probability map by land use type by county, construct different policy 

scenarios in order to examine the scenarios’ impact on shaping future land use pattern. 

  

2.1.0 South Jersey Development Model (SJDM) Calibration 

 

Before a model can be used for simulation or forecasting it must be calibrated. With non-

spatial models, this usually involves fitting a line or curve to historical data. With spatial data, 

this involves developing equations and estimating parameters that are sensitive to location as 

well as non-location influences. In this project, the model being calibrated relates changes in 

the development type category of particular grid-cells5 between 1986 and 1995 to their various 

location, physical, and administrative characteristics. As with all statistical models, the 

estimated parameters describe the relationships between a set of explanatory or independent 

variable and a dependent variable.  

                                                 
5 The basic land unit for analysis is 300 by 300 feet grid cell (thus each grid cell represents a hectare site). Such a 
grid cell has about the right level of resolution for analyzing patterns of developments and land use changes. It’s 
sufficiently fine-grained to observe small-scale land use changes, but not too fine-grained so as to obscure those 
changes with “noise”. 
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Prob [Land use change between 1986 and 1995i] = f{X1 i, X2 i,…, Xn i } 

 

2.1.1 Dependent Variable 

 
The dependent variable in this case is the land use change between 1986 and 1995. As in the 

CUF II, the dependent variable in SJDM has eight different categories:  

 Any vacant site (each site is a 300 by 300 feet grid; vacancy is defined as non-urban, 

which could be forest, agriculture, wetlands, etc.) in the beginning of 1986, could fit 

into one of the following land use change categories by the end of 1995: 

• Vacant to residential; 

• Vacant to commercial; 

• Vacant to industrial; 

• Keep vacant. 

 Any already developed site (which is defined as urban in 86/95 land use/land 

cover dataset published by New Jersey Department of Environmental Protection), 

could undergo one of the following changes: 

• Developed to residential; 

• Developed to commercial; 

• Developed to industrial; 

• Remained developed. 

The main focus of SJDM is to predict the development of land from either vacant or 

developed to residential. The impact of urban sprawl takes the form of low-density or 

skipped-over residential development in agricultural, forest or open-space areas and 

causes the low efficiency of land use. The land use analysis provided later in the report 

illustrates that the residential land use change holds the largest share among all land use 

conversions between 1986 and 1995.  
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2.1.2 Independent Variables 
 

Like the dependent variable the independent variables are measured at the grid-cell level. 

After referring to CUF II research and the land use development in Southern New Jersey 

the following categories of independent variables were designed:   

 Demand variables for each types of land uses 

• household density in 1980 
• growth of household density between 1980 and 1990 
• population density in 1980 
• the growth rate of population density between 1980 and 1990. 
 

 Generalized accessibility of the site to other activities 

• Distance to Philadelphia 
• Distance to New York 
• Distance to highway interchange 
• Distance to railroad 
 

 Constraints exerted by existing policies such as open-space protections 

• state-owned and federal-owned open space protection 
• pineland protection 
• farmland protection  
• wetlands protection 
 

 Positive or negative impacts exerted by neighborhood sites 

• The percent of adjacent sites in residential use 
• The percent of adjacent sites in commercial use 
• The percent of adjacent sites in industrial use 
• The percent of adjacent sites in transportation use 
• The number of hectares of vacant land in neighborhood in 1980 
• The distance to nearest residential site in 1986 
• The distance to nearest commercial site in 1986 
• The distance to nearest industrial site in 1986 

 
 Initial land uses in 1986 

 
 State planning variables 
• Distance to planning center boundaries 
• Distance to nearest surrounding critical environmental sites 
• Distance to nearest identified centers 
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The justification for the application of these variables is provided in Appendix 2-A, 

where the complete methodology is listed.  

 

Because the dependent variable is categorical instead of continuous, logistic regression 

(i.e., “logit”) rather than linear regression is used to estimate parameter values. Since the 

dependent variable can belong to more than two categories (eight in this case), a 

multinomial logit model is used rather than typical two-category binomial logit model.  

  

2.1.3 Sub-models 

 
Since initial site status in 1986 could be categorized into two types - vacancy or developed, the 

calibration processes are performed by two sub-models – development model and 

redevelopment model. After running multinomial logistic regression on each county, these 

two models were calibrated. 

 

By establishing development model (logistic equations) using these coefficients and variables, 

the probability of land being developed from vacancy to residential, vacancy to commercial, 

vacancy to industrial, or keep vacancy was calculated. This probability value is between 0 

(low probability) and 1 (high probability). For example, a site might have a probability value 

for development from vacancy to residential (P1) as 0.43, a probability value for development 

from vacancy to commercial (P2) as 0.35, and a probability for development from vacancy to 

industrial (P3) as 0.12, and probability to keep vacancy (P4) as 0.10. All the probability values 

for this site will sum up to 1. And in this example, the site apparently has a higher probability 

to be developed from vacancy to residential than any other probability values (that is, any 

other potential developments). Therefore, it is possible to say that if this site is to be 

developed, it will be developed into residential land use (since the probability value for 

development to residential is the highest). Similarly, for all those sites that are already 

developed at the beginning of 1986, the probability of land use redevelopment into residential, 

commercial, industrial, or keep no change in developed status for each site that is already 

developed in 1986 was calculated. 
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2.2.0 Data collection 

 

Since this research builds a model that is used to predict future land use consumption, it is 

important to confirm:  

 Data availability: variables currently available either directly from public/private 

sources or by indirect derivation from existing dataset; 

 Variables’ geographic representation for GIS analysis; 

 Data accuracy, map scale/spatial extent, data consistency, etc. 

The basic land use data was downloaded from the official website of New Jersey Department 

of Environmental Protection. The 1995/1997 Land Use/Land cover polygon shape files for 

New Jersey’s Watershed management Areas were created by comparing the 1986 LU/LC 

layers from the NJDEP GIS database to the 1995/1997 color infrared digital imagery, and 

delineating areas of change. In addition, an impervious surface (IS) code has been assigned to 

each polygon. All polygons retain the original 1986 land use code, as well as being given a 

1995/1997 land use code so that change analysis can be done directly from these data sets. 

Most of the demographic, employment, and economic data were obtained from U.S. Census 

website. Other data sources include New Jersey Office of State Planning 

(http://www.nj.gov/dca/osg), U.S. Department of Transportation (http://www.dot.gov), and 

Environmental Systems Research Institute (http://www.esri.com), etc. 

The complete table of data sources is attached in Appendix 2-A, Table 1. 

2.3.0 Scenario Building and Land Use Allocation 

 

The power of land use model partly lies in its capability to compare outcomes of various 

policy assumptions. It should allow policy decision makers, planners, and the public 

citizens to examine the likely impacts of alternative policies for controlling urban growth, 

preserving agriculture land, or expanding public infrastructure in easy-to-understand 
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ways. In order to generate the prediction maps with different policy assumptions, two 

scenarios – Business as Usual and Smart Growth were created. 

 

There are four major inputs that are required to generate a land use allocation according to 

these two scenarios:  

 Projected future population and land use consumption demand; 

 The population density threshold for development and redevelopment models in both 

scenarios; 

 Proportion of this population growth that is going to be allocated to vacant land versus 

developed land; 

 Various kinds of land protections. 

A complete table of parameters for the two scenarios is provided in Appendix 2-A, Table 5. 

The information about the projected population growth was received from the New 

Jersey Department of Labor. The population density threshold for development model in 

the Business as Usual scenario was calculated based on the average suburban population 

density in each county.  The population density threshold for the redevelopment model in 

both scenarios was calculated based on the average MSA6 (Metropolitan Statistical Area) 

population density by each county. The percent of population growth that will be 

allocated to newly developed areas as opposed to redeveloped areas was determined 

through the Delphi technique study. Fifteen specialists in development in South Jersey 

were interviewed by phone to obtain this information. The population allocation 

percentages were established through the Delphi study. Due to the unavailability of this 

information in any other resources, Delphi technique was the most suitable approach. The 

full information on the Delphi study and the table of responses is provided in Appendix 

2-B.   

 

                                                 
6  As defined by the U.S. Office of Management and Budget, Metropolitan Statistical Area is: 1) a county 
or group of contiguous counties that contains at least one city of 50,000 inhabitants or more, or 2) an 
urbanized area of at least 50,000 inhabitants and a total MSA population of at least 100,000 inhabitants 
(75,000 in New England). The contiguous counties are included in an MSA if, according to certain criteria, 
they are essentially metropolitan in character and are socially and economically integrated with the central 
city or cities.  
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3.0.0 FINDINGS 

As a result of model calibration and land use allocation, probability maps were created. In 

comparison to the CUF II model, the percent of correctly predicted grid cells is significantly 

higher in SJDM7.  

Table 1: Calibration Results 
Land Use Change # correctly predicted grid cells % correctly predicted grid cells 
 Burlington Camden Gloucester Burlington Camden Gloucester 
Development Model 
Vac. To Res. 783 532 770 22% 37% 28% 
Vac. To Comm. 45 5 55 14% 3% 21% 
Vac. To Indus. 37 14 38 15% 25% 21% 
Redevelopment Model 
Dev. To Res. 27 5 43 36% 4% 25% 
Dev. To Comm. 14 4 16 10% 2% 11% 
Dev. To Indus. 0 7 18 0% 18% 20% 

 
Among all the numbers of correctly predicted grid-cells in the Table 1, the residential 

development and redevelopment model have the highest percentage figures. Camden County, 

37% of residential development is correctly predicted by the model, and the percentages for 

Burlington and Gloucester counties are 22% and 28%, respectively. The redevelopment 

models correctly predict 36% residential redevelopment in Burlington, 4% in Camden, and 

25% in Gloucester counties. Since there are fewer grid-cells for development and 

redevelopment of commercial and industrial sites, the percentages of correct prediction are 

lower as compared to residential development and redevelopment. The development model 

correctly predicts 14% commercial development in Burlington, 3% in Camden, and 21% in 

Gloucester counties, while the commercial redevelopment model predicts a 10% 

redevelopment for Burlington, 2% for Camden, and 11% for Gloucester counties. 

The commercial development and redevelopment models show a rather low percentage 

figures (3% for development model and 2% for redevelopment model) even though the actual 

commercial development and redevelopment in Camden County are high, as compared to 

other counties. Additionally there is a relatively high percentage of correctly predicted grid-

                                                 
7 CUF II was calibrated for 9 counties in California with both low prediction percentages and high 
percentages, so the fact that percent of correctly predicted grid cell in SJDM is higher than in CUF II does 
not necessarily illustrate that SJDM is more precise than CUF II. 
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cells for industrial development and redevelopment models. Although the actual numbers of 

industrial development are rather low as compared to residential development, the model 

correctly predicts 15%, 25% and 21% industrial development for Burlington, Camden and 

Gloucester counties, respectively. The industrial redevelopment model, on the other hand, 

appears to be working less effectively for Burlington, while for Camden and Gloucester, a 

percentage of 18% and 20% are reasonably good enough. 

It is important to mention that the model is built at site level, and the percentage of correctly 

predicted grid cells calculated above is defined in very strict terms. The percentage only takes 

into account those sites that are correctly predicted sites by the model, while excluding those 

sites which are not predicted correctly but with only minor offsets in distance to actually 

developed sites. For example, if a site is actually developed from vacancy to residential 

between 1986 and 1995 and is not predicted to be developed into residential by the model, but 

rather another site, next to it, is predicted to be developed into residential, the percentage of 

correctly predicted grid cells  is still 0. In this case, the model is still performing at an optimal 

level in predicting future land use development, the predicted development is only 300 feet 

away from the actual development.  

Due to time constraints of the project, a more effective way to calculate the offset of predicted 

development from actual development through geo-spatial statistical analysis has not yet been 

found. Since this calculation will potentially improve the figure of percentage concordance, 

future work on the basis of this project will be geared towards the direction of improving the 

calibration algorithm. 

3.1.0 Probability Maps Evaluation 

The probability maps that are based on the calibration results show the predicted distribution 

of land use changes between 1986 and 1995. Two sets of maps were created for each county. 

The first set illustrates the development model which includes vacancy to residential, vacancy 

to commercial, vacancy to industrial, and remained vacant categories. The second set of maps 

represents the redevelopment model which includes developed to residential, developed to 

commercial, and developed to industrial categories. The maps with the analysis are provided 

in the following section. The bigger format maps are also attached in Appendix 3-C. 



Smart growth Forecast for Three Counties in 
 Southern New Jersey 

 20

3.1.1 Development Model for Three Counties  

 
P1 – Vacancy to Residential  

MAP II 

 
 

Camden County 

 The residential development primarily occurred along the transportation 

corridor in the northwestern section of the county and scattered throughout the 

northeast.  

 The limited amount of residential development in the northeast is due to the 

effect of farm land protection policies.  

 

The probability map correctly projected the areas of residential development. New 

residential development took place away from protected lands in the areas with higher 

population growth from 1980 to 1990. The positive coefficient of population growth 
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variable also supports this observation (p < .0008)8. The statistical analysis of the demand 

factor independent variables in the prediction model demonstrates that the probability of 

residential development was higher in the areas with lower household density in 1980 

(negative coefficient, p < .0002). This implies that development from1986 to 1995 

occurred away from existing urban centers.  Residential development was taking place 

away from industrial development.  

 

Burlington County     
 

 The residential development primarily occurred in the middle of the county, in 

the proximity of the transportation corridors and the highway interchanges. 

 Most of the residential development took place away from the industrial areas 

in the north and within the forested and agricultural areas in the middle of the 

county. 

 

The probability map shows that there is a high desire to develop the southern part of the 

county located within the Pinelands and State protection areas. These protection policies 

prevent development from occurring in the protected areas.   

 

The positive correlation was determined between the population growth, the change in 

household density from 1980 to 1990, and the probability of land being developed (p < 

.0001). Interestingly enough, the population density 1980 has a negative coefficient (p < 

.0036) meaning that residential development is more likely to occur in the areas with 

lower population densities.  

 

Gloucester County 

 Residential development took place in the middle of the county within close 

proximity to highways and highway interchanges. 

 

The probability map provided the correct prediction of residential development. As in 

Camden County the number of hectares of vacant land in a neighborhood has a positive 
                                                 
8 All coefficients from statistical analysis are provided in Appendix 2-C 
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correlation with residential development. The availability of vacant land promotes 

residential development.  

 

The positive coefficients for the distance to nearest commercial and industrial parcels and 

the negative coefficient for the distance to the nearest residential areas indicate that 

residential development is more likely to occur away from industrial and commercial 

areas in the proximity to the existing residential developments. 

 

P2 – Vacancy to Commercial 

MAP III 
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Camden County 

 Commercial development took place along the major transportation corridor 

in the northern part of the county and some development took place in the 

northwestern section near residential development.  

 

 The probability map provided the correct prediction in the northwestern part 

but it falsely predicted a large amount of commercial development in the 

south in the protected areas.  

 

The statistical analysis of the independent variables included in the prediction model 

shows that commercial development was more likely to occur next to existing 

commercial areas and away from residential areas. In reality, however, commercial 

development was guided by the proximity to the major highway interchanges. For these 

reasons, the probability map prediction is inaccurate.   

 

Burlington County 

 Commercial development took place in the middle of the county close to 

newly developed residential areas. 

 The probability map indicates that there would be a higher chance of 

commercial development in the north eastern corner of the county in the 

proximity to existing urban centers. 

 Some of the commercial development took place in the forested areas, where 

it was not predicted, but most of the development occurred outside of the 

pinelands and state protected areas.  

 

The statistical analysis shows the negative correlation between the commercial 

development and the distance to the commercial centers of 1986. This implies that 

commercial development would have taken place near existing commercial centers, but 

in reality commerce moved further south close to the new residential developments.   
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Gloucester County 

 Commercial development occurred near residential development.  

  A greater amount of commercial development was predicted than actually 

took place.   

 

Certain amount of commercial development was predicted in the protected areas along 

the southern transportation corridors. In the reality, however, the existing Pinelands 

protections prevented the commercial development from expanding.  

 

P3 – Vacancy to Industrial 

MAP IV 

 
 

Camden County 

 Both reality map and the prediction map illustrate that industrial development 

occurred outside of the protection areas in the North, primarily in the existing 

urban centers with the declining population density.  
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The negative coefficient of such independent variables in the prediction model as 

population growth rate and house hold density supports this observation.  

 

The probability map predicted industrial development in the southern tip of the county 

due to the high number of available vacant hectares and existing industrial land in the this 

area. Such variables as number of hectares of vacant land in neighborhood and the initial 

land use in 1986 is industrial have positive coefficients (p < .0001). In reality from 1986 

to 1995 no new industrial development happened in the extreme southern section of the 

county. This implies that the pinelands and the state open space protection plans have 

been effective in preventing development in the protected areas.  

 

Burlington County 

 Only a minimal amount of industrial development (0.24% of all vacant land) 

happened throughout the county.  

 A large amount of industrial development was predicted in the pinelands and 

protected areas in the south of the county, yet the existing protections 

prevented this development.  

 

Gloucester County 

 Industrial development took place along the northern transportation routes. 

The probability map predicted the increase of industrial development in the existing 

industrial areas in the north of the county. However, industry has moved closer to the 

northern transportation corridor away from the Delaware River. The proximity to railroad 

and to Philadelphia poses a high probability for land to be developed for industrial 

purposes.  
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P7 – Remained Vacant 

 

Camden County 

 The largest part of the county remained undeveloped (96.23% of all vacant 

land)9, mostly in the areas of the state open space protection and pinelands 

protection. 

 

The development primarily occurred in the northwestern region of the county with some 

spots of development in the northeastern part of the county. The prediction map provides 

a true picture repeating the trends in the reality map. 

 

Burlington County 

 The majority of lands that remained vacant were correctly predicted to stay 

vacant (92.71% of all vacant land in the county remained vacant, this number 

is the smallest in comparison with other two counties included in the 

analysis).  

 The probability map failed to accurately portrait the location of parcels that 

remained vacant within the protected areas.  

 

The statistical analysis reveals the effect of several variables on the development. The 

Neighborhood Characteristics, such as the percent of adjacent grid cells in industrial use, 

transportation use, and the number of hectares of vacant land available in 1986, are 

proven to have a certain impact on development. For instance, the higher the number of 

hectares of vacant lands in the neighborhood the higher the probability of residential and 

commercial development in this area. However, the correlation is negative for the percent 

of adjacent grid cells with industrial and transportation use. Residential development is 

more likely to occur away from these grid cells.  

 

The analysis of the distance factors on the development model reveals interesting 

findings. Positive coefficients in such variables as distance to Philadelphia and distance 

                                                 
9 Land use change frequencies by county and type of development provided in Appendix 2-A, Table 2. 
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to railroad indicate the phenomenon of urban sprawl, meaning that there are higher 

probabilities of land being developed to residential land use if the distance from these 

points is greater.  

 

An additional factor that has an impact on development is the presence of sewer systems. 

Analysis shows that residential development is more likely to occur in the proximity of 

sewers but commercial and industrial land uses do not depend on this variable.   

 

Gloucester County 

 The map correctly predicted those areas that remained vacant. 

 

In contrast to Camden County, in Gloucester County the population density of 1980 has a 

positive correlation with residential and commercial development. Residential and 

commercial development in the county is more likely to occur in the already existing 

urban centers with high density.  

 

The distance to highway interchanges has a negative correlation with residential, 

commercial, or industrial land uses, meaning that the proximity to highway interchanges 

leads to higher probability of land being developed as one of three land uses. 
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3.1.2 Redevelopment Model for Three Counties 
 

P4 – Developed to Residential 

MAP V 

 
 

Burlington County 

 

 Residential development occurred to a very limited extent (0.39% of all 

developed land in the county) in the northwestern part of the county.  

 

The probability map predicted much larger areas of residential redevelopment in the 

existing residential centers in the middle of the county and along the north eastern border 

of the county. This incorrect prediction was effected by such variables as percentage of 

adjacent grid cells in residential and commercial use and the population growth.  

P4 – Developed to Residential 
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 Residential redevelopment occurred in the middle of the county in the same 

area as new residential development. The prediction was made accurately. 

Residential redevelopment follows the general trends of residential and commercial 

development that took place in Camden County from 1986 to 1995. As the statistical 

analysis suggests the redevelopment correlates with population growth, distances to 

highway interchanges and existing commercial and residential areas. 

 

Camden County 

 

 The prediction as well as the actual redevelopment was concentrated in the 

middle of the county staying outside of the protected areas.  

 

The map predicted an excess amount of land to be redeveloped to residential than was 

actually redeveloped.  In the north redevelopment occurred to a very limited extent.  

 

Gloucester County 

 

 Commercial redevelopment primarily occurred in the northwestern section of 

the county along the major transportation routes near existing residential 

development. 

 

The statistical analysis shows that such variables as percentage of adjacent grid cells in 

residential use and distance to nearest commercial grid in 1986 have a positive 

correlation with commercial redevelopment. Developed lands previous land uses were 

residential and agriculture.  
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  P5 – Developed to Commercial  

 

MAP VI 

 
 

Camden County  

 Commercial redevelopment was scattered throughout the county including 

inside the protected areas.  

 High probability for redevelopment was predicted in the Pinelands protection 

area. 

 

Burlington County 

 Commercial redevelopment was correctly predicted in the middle of the 

county.  
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 In the southern section of the county the probability of commercial 

redevelopment was high. In actuality the redevelopment never occurred.  The 

prediction in the south was based on existing highways and the amount of 

residential lands.  

 

Gloucester County      

 It was falsely predicted that a large section of the southern tip of the county 

would be developed into industrial use.  

 The industrial development of this area was hindered by the State Open Space 

and Federal Pinelands protection policies. 

 

Presence of highway interchanges and easily accessible highways played a role in the 

industrial redevelopment. 

 

P6 – Developed to Industrial  

MAP VII 
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Burlington County 

 Actual redevelopment took place in the northeastern section of the county, 

while the probability map projected additional redevelopment along the 

southeastern border of the county.  

 

The analysis of independent variables in the prediction model illustrates that 

transportation access promotes industrial redevelopment while the presence of residential 

parcels discourages it.   

 

Camden County 

 Most redevelopment took place along the northern transportation corridor and 

a lesser amount occurred in the middle of the county.  

 The areas that were predicted are accurate but the amount of area actually 

being redeveloped is smaller then predicted.  

 

Gloucester County 

 In the developed areas of the county the prediction accurately implied that 

most of the developed land (99.34% of all developed land) would remain 

developed in its original land use. 

 

3.2.0 Analysis of Development Scenarios 
 
Relatively strong prediction power of the GIS-based forecasting model developed in this 

study allows testing two sets of policy assumptions. The outcomes of the two scenarios 

are compared in the following section.  
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3.2.1 Business as Usual Scenario 
The Business as Usual Scenario assumes that the population density threshold is based on 

each county’s average population density and that 80% of the population growth is 

allocated to the houses built on the previously vacant land. The remaining 20% of 

population are allocated to the redeveloped areas. The scenario assumptions are based on 

the land protections, such as Pinelands and State Open Space preservation programs that 

appeared during the last 20 years. The Scenario also assumes that the major trends in 

development are dictated by the market forces and the lack of centralized planning 

policies. All scenario parameters are listed in Appendix 2-A, Table 5. 

 

Map VIII illustrates the impact that the current trends in development will have on the 

residential and commercial growth of the Burlington, Camden, and Gloucester Counties.  

 

MAP VIII 
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The development trend in the Business as Usual Scenario can be characterized by: 

 Residential and commercial development continuing to spread further South 

and East; 

 Rapid growth within western part of Gloucester County and northern 

Burlington County; 

 The tendency for wide spread growth in lower population density areas at the 

expense of agricultural lands.  

 

In the Business as Usual Scenario development continues to spread further South and 

East, avoiding the protected areas. A total of 92,857 vacant acres of land will be required 

to accommodate the projected population growth for year 2020 (Table 2). Rapid growth 

will take place in Burlington and Gloucester Counties and in the southwestern section of 

Camden County. In the Burlington County residential and commercial development will 

occur throughout the northern part of the county depleting agricultural lands and 

expanding existing residential areas. The trend of using farmlands for residential and 

commercial development will also continue in the Gloucester County. The largest amount 

of land 44,351 acres is developed in Gloucester County. This is so because Gloucester 

County is likely to develop at significantly lower densities than Burlington County and 

especially Camden County. Given the continuation of current trends Gloucester County 

will develop at an incremental density of 1.2 persons per acre, a level below that of 

Burlington County  (2.0 persons per acre) and Camden County (3.0 persons per acre).  
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MAP IX 

 
 

In the Business as Usual Scenario the redevelopment is significantly limited by the fact 

that existing development trends discourage redevelopment by allowing the utilization of 

vacant land. The total of 8,708 acres of land is available for redevelopment in this 

scenario. The areas of redevelopment include: 

 High population density regions, 

 Areas around existing older urban centers. 

Redevelopment is clustered throughout Camden County. As opposed to Camden County, 

redevelopment in Burlington County and Gloucester County is scattered, occupying the 

western section of Burlington County and the eastern part of Gloucester County.  

 

3.2.2 Smart Growth Scenario  
One of the major differences between the Business as Usual Scenario and the Smart 

Growth Scenario is the percentage of population growth that should be allocated in the 

form of “infill”. In the Smart Growth Scenario 60% of population is allocated to the 
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redeveloped lands, while in the Business as Usual Scenario this number is 20%. 

Additionally, the Smart Growth scenario includes the State’s Farmland Preservation 

program as well as the protections applied in the Business as Usual Scenario. The 

population density threshold in the Scenario is based on the average population density in 

the Metropolitan Statistical Areas. All scenario parameters are listed in Appendix 2-A, 

Table 5. 

 

Map X illustrates the effect of the Smart Growth policies on the development of vacant 

lands in the study area. 

 

MAP X 
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These assumptions lead to a significant reduction in the use of vacant land. Comparing 

Smart Growth Scenario with Business as Usual Scenario shows the 4.6 times reduction in 

the acres of developable land. 

 

The Smart Growth Scenario leads to the following changes in development: 

 Significantly smaller amount of vacant land is used for development (20,171 

acres as opposed to 92,857 acres in the Business as Usual scenario). 

 The agricultural lands in the eastern part of the Burlington County and in the 

western part of Gloucester County to a large degree remain vacant.  

 As opposed to the Business as Usual Scenario, in this model development is 

more clustered around the existing urban areas. The areas of development 

include: 

• Northwestern section of Burlington County, 

• Middle part of Camden County, 

• Eastern portion of Gloucester County. 

 

Due to the smaller areas available for the development the population density in this 

scenario is higher. However, because of the fact that only 40% of population growth is 

allocated to the newly developed lands, the density does not increase significantly. As 

compared to the Business as Usual Scenario, the incremental population density in 

Gloucester County increased by 2 persons per acre, which makes the total 3.1 persons per 

acre. In Burlington County the density increased to 3.9 persons per square acre and in 

Camden County it goes up to 5.8 persons per square acre.  

 

The impact of the Smart Growth Policies on the redevelopment trends in three counties is 

provided in Map XI. 
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MAP XI 

 
 

Compared to the Business as Usual Scenario, redevelopment is much more encouraged in 

the Smart Growth Scenario. The amount of redevelopable land increases from 8,708 

acres for all three counties in the Business as Usual Scenario to 25,736 acres in this 

scenario. Due to the larger area used for redevelopment in the Smart Growth Scenario the 

incremental population densities in the redeveloped regions remain on the same as in the 

Business as Usual Scenario level of 4.6 persons per square acre. The areas of 

redevelopment follow the similar trends as in the Business as Usual Scenario, but, as it 

was mentioned before, they are much larger. Redevelopment by county in the Smart 

Growth Scenario occurs: 

 In the areas around existing older urban centers in Camden County; 

 In the northwestern part of Burlington County; 

 In the northeastern part of Gloucester County. 
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Table 2: Scenario Comparison 

 

Additional Acres 
Required for 
Development 

Average Growth 
Density (in persons 

per acre) 

Additional Acres 
Required for 

Redevelopment 

Average Growth 
Density (in persons 

per acre) 

County 

Business 
as Usual 
Scenario 

Smart 
Growth 
Scenario 

Business 
as Usual 
Scenario 

Smart 
Growth 
Scenario 

Business 
as Usual 
Scenario 

Smart 
Growth 
Scenario 

Business 
as Usual 
Scenario 

Smart 
Growth 
Scenario 

Burlington 37,692 10,257 1.9 3.9 4,075 13,177 4.6 4.6 
Camden 10,813 2,872 3.0 5.8 1,778 5,416 4.6 4.6 
Gloucester 44,351 7,042 1.2 3.1 2,855 7,147 4.6 4.6 
Total 92,856 20,171   8,708 25,740   

 

Each scenario stresses development and redevelopment differently. In the Business as 

Usual Scenario development is favored over 10 times more than redevelopment. The 

Smart Growth Scenario favors redevelopment over development and suggests that a 

lesser amount of available land should be used in development. This dramatic decrease in 

development is due to the move towards “infill” strategy and cluster style building and 

redevelopment of land. 
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Appendix 1-A: 
 

Background for the Seven Counties in Southern 
New Jersey 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Atlantic County 

Area (2000): 561 square miles 

Population density (2000): 450.1 persons/square mile 

Total population:  (2000): 252,552 

Population change (1990-2000): 12.6% 

 

Located on New Jersey's southeastern coast, Atlantic County is famous for its tourism and 

hotel-casino industry. The County’s biggest attraction, Atlantic City was named the most 

visited city in the state with over a million people visiting the casinos. Atlantic County is 

conveniently located in close proximity to the major metropolitan areas of Philadelphia and 

New York, and in 20-minutes drive from the historic Cape May.  

There are two interstate toll ways within the County, The Garden State Parkway links Atlantic 

County with the New York City metropolitan area, and the Atlantic City Express Way 

connects the County with Philadelphia. U.S. Routes 30 and 40 traverse the region from West 

to East. In addition, there are currently 168 bridges in the County's inventory. As part of the 

County's ongoing transportation planning efforts, the Department of Planning produces the 

Annual Transportation Program (ATP) and Highway Improvement Program (HIP). This is a 

multi-year capital program for road and bridge improvements. Atlantic County also supports a 

high-speed passenger rail line as well as ocean, river and inter-coastal waterways that attract 

recreational boaters.  The Atlantic City Rail Line, operated by NJ Transit, is currently 

configured as a single-track railroad, although three sidings of approximately one mile each 

are situated along the line. Ridership and revenue growth exceed that of most NJ Transit rail 

lines. The opening of the Atlantic City Convention Center and the second wave of casinos is 

likely to spur the demand for rail travel.  

Economy of the County is largely tourism-based with the driving force being hotel-casinos. 

The gaming industry recently reported its eighth straight month of increased gaming revenue. 

This is an encouraging indicator for local businesses that supply the casinos since their 



 

economic activity parallels the activity of the casinos. While the gaming industry itself 

employs about 45,000 people, it is indirectly responsible for a majority of the County's non-

casino employment growth. Meanwhile, agriculture remains an important part of the mix in 

the western half of the County. Atlantic County is also home to the Federal Aviation 

Administration William J. Hughes Technical Center, which accounts for a large number of 

engineering and technology jobs.  

Housing opportunities range from higher density urban and suburban environments to lower 

density rural communities with a full range in between. The 1990s saw the transition of land 

use pattern from multi-family housing to traditional single-family development due to a 

relatively strong economy, low inflation, and unyielding demographic trends. The number of 

housing units increased from 106,877 in 1990 to 114,090 in 2000. Median value of owner-

occupied housing units in 2000 reached $122,000. 

Housing Unit Growth for Atlantic County
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According to land use/land cover analysis from New Jersey Department of Environmental 

Protection, urban land increased by 11.98% during the 1986 – 1995 period, from 47,480 acres 

to 53,171 acres. Meanwhile, barren land, agriculture, and forest all encountered a negative 

increase of -6.18%, -4.50%, and -2.71%, respectively. Atlantic County's robust employment 

and population growth has resulted in the need for strong regional planning. It is important to 

mention that on June 4, 2002 the Atlantic County Board of Chosen Freeholders adopted 

revised Atlantic County Land Development Standards. The Strategic Growth Initiative started 



 

in 2001, had the purpose to identify the capacity for future residential and commercial 

development based on zoning and environmental constraints. When the analysis is completed 

the grant calls for the County to suggest growth management strategies that will accommodate 

sustainable development and maintain the County's unique quality of life.  

Land Use/Land Cover Change, Atlantic County, 1986-1995/1997 (In Acres) 

Land Use Type 1986 1995 Net Change % Change 

Agriculture 26,412 25,224 -1,188 -4.50% 
Barren Land 4,290 4,025 -265 -6.18% 
Forest 152,710 148,567 -4,143 -2.71% 

Urban Land 47,480 53,171 5,690 11.98% 
Water 36,223 36,512 290 0.80% 
Wetlands 124,113 123,729 -385 -0.31% 

 
 

Burlington County 
 
Area (2000): 450 square miles 

Population Density (2000): 516.5 persons/square mile  

Total Population (2000): 423,394 

Percent of Population Change (1990-2000): 7.2% 

 

Burlington County is the largest county by area in the state, touching both the Delaware River 

in the northern part and the Atlantic Ocean in the southern part. The County is comprised of 

40 municipalities. Most of them, including the County Seat Mount Holly, are located along 

the northern border of the County. From the Pinelands, recreation areas and farmlands to 

office and industrial parks, Burlington County offers its residents a wide range of work, 

education, and recreation opportunities. The County is also conveniently located in close 

proximity to major metropolitan areas, with Philadelphia approximately 30 miles to the West 

and New York City roughly 60 miles to the Northeast. 



 

Development of the County was significantly influenced by the fact that the major traffic 

routes such as Interstate 295, NJ Turnpike, US Routs 130 and 206 are located in the Northern 

part of the County. In addition, the brand new South Jersey Light Rail Transit Service was 

built in 2003 to provide easier access to Trenton and Camden. In the southern part of the 

County there is access to the Garden State Parkway. Three major bridges cross the Delaware 

River. The Burlington Bristol Bridge, Tacony-Palmyra Bridge and NJ/PA Turnpike Bridge 

provide access to Bucks County and Philadelphia in Pennsylvania.  

Business, Health, and Social Services are the likely industry growth leaders. The economic 

profile of the County is greatly affected by the activity of such companies as Cendant 

Mortgage, Lockheed Martin and Burlington Coat Factory, which all together provide 10,989 

employment positions. The presence of such large healthcare facilities as Virtua Memorial 

Hospital and Deborah Heart and Lang Center also provide 4,709 jobs. Employment growth in 

the County also strongly depends on service and retail sales industries where the County had a 

large (19.2%) employment share in 2000. The total employment growth rose to 6.9% from 

1990- 1997. 

The largest portion of land (60%) in the County is occupied by forests and wetlands. Four 

state parks are located in the County.  Burlington County has a distinguished track record of 

protecting natural resources. In 1999 county freeholders signed a partnership agreement with 

the DEP to further accelerate achievement of the county's key goals for protection of its 

natural resources.  The goals of the environment preservation in the county include enhancing 

the Rancocas Creek and Delaware River greenways and Route 130 corridor, initiating a Silver 

Track based assessment with businesses to reduce solid waste and improve air quality by 

voluntarily reducing greenhouse gas emissions.  

The growth in urban land use as well as the population growth (7.2%) contributed to the 

housing development in the region. Between 1990 and 2000 there was a 12.6% increase in 

housing units in Burlington County. During the period between 1990 and 1999 residential 

building permits increased from 1,600 to 2,755.   
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From 1986 to 1995, urban land increased from 77,234 acres to 90,746, or 17.5% growth. 

Agriculture, however, decreased from 75,350 acres in 1986 to 64,826 acres in 1995. There 

was also insignificant decrease in wetlands and forests and some increase in barren lands. 

Land Use/Land Cover Change, Burlington County, 1986-1995 (In Acres) 

Land Use Type 1986 1995 Net Change % 
Change 

Agriculture 75,350 64,826 -10,523 -13.97% 
Barren Land 4,012 4,201 190 4.71% 
Forest 192,168 190,290 -1,878 -0.98% 
Urban Land 77,234 90,746 13,512 17.49% 
Water 13,074 13,377 304 2.32% 
Wetlands 162,368 160,767 -1,603 -0.99% 

 

Camden County 
 
Area: 222 square miles 

Population Density (2000): 2,289 persons/square mile 

Total Population (2000): 510,000 

Population % change (1990-2000): 1.2% 

 



 

Located in the metropolitan area of Philadelphia directly across the Delaware River, Camden 

County is one of the most densely populated (2,289 persons/square mile) counties in the state. 

The County area is divided between 34 municipalities, however, only three of which are located in 

the southern part of the County. Extremely poor and depopulated County Seat, the City of 

Camden stands in stark contrast to the rich and well-developed central part of the County. 

The development of the County is concentrated around the major routs Interstate 295, N.J. 

Turnpike and US Rout 130 that go across the center of the County. State Rout 73 serves as the 

major connection between the farming southern part of the County and the urbanized north. The 

Benjamin Franklin Bridge across the Delaware River provides an easy access from Camden to 

Philadelphia. The Port of Philadelphia and Camden also operates the RiverLink Ferry and the 

Philadelphia Cruise, mainly as a tourist attraction. The proximity to Philadelphia gives the County 

an advantage of using Port Authority Transit Corporation (PATCO) which provides the access 

from the County to the center city Philadelphia. Recently built SNJLRTS connects the City of 

Camden with Trenton.  

Camden County is the only county in the Southern New Jersey that experienced employment 

decline. Total employment in Camden County decreased from 1990 – 1997 by 0.9%. 

Nevertheless, in industrial growth Camden ranks among the top five of the state’s 21 counties. 

With a diversified economic base, the County has unlimited expansion potential. It also has a 

significant amount of land available for development, redevelopment or adaptive re-use.  

Hospitals are the major employers of the County providing about 16,000 jobs. Other significant 

employers include Commerce Bank Corp. employing 2,912, Holman Automotive – 1,400 jobs, 

Bancroft NeuroHealth – 1,205, and Campbell Soup Co. – 1,200 jobs. 

Between 1990 and 2000 there was a 5% increase in the number of housing units in Camden 

County. This was below the average increase in surrounding counties. Residential building 

permits decreased from 1,125 to 897 in 1999. 
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Between 1986 and 1995 agriculture experienced the highest among the eight southern 

counties decline of 20.99%, it went down from 12,915 acres to 10,204 acres. Urban land use 

increased from 64,950 in 1986 to 69,236 acres in 1995, barren land also expanded by 10.57%. 

Other lands including forests and wetlands experienced various levels of decrease.  

 
Land Use/Land Cover Change, Camden County, 1986-1995 (In Acres) 

 
 
 
 
 
  
 
 
 
 
 

 

 

 

 

 

 

 

 

Land Use Type 1986 1995 Net Change %Change 

Agriculture 12,915 10,204 -2,711 -20.99% 
Barren Land 2,610 2,886 277 10.57% 
Forest 39,899 38,315 -1,584 -3.97% 
Urban Land 64,950 69,236 4,286 6.60% 
Water 4,077 4,070 -8 -0.17% 
Wetlands 21,141 20,881 -260 -1.23% 



 

Cape May County 
 
Area: 255 square miles   

Population Density (2000):  401 persons/square mile  

Total population (2000):  102,326    

Population, percent change (1990 to 2000): 7.6%  

 
Cape May County is located on a thirty-mile long peninsula which shelters the Delaware Bay. 

The peninsula has 108 miles of coastline and a wide variety of environments including barrier 

islands and beaches, tidal and freshwater wetlands, bays, and tidal creeks and streams. 

Surrounded by ocean and bay, the climate of the region is temperate with mild winters and 

cool summer ocean breezes. More than 30 miles of pristine beaches link the beautiful 

beachfront resorts of the Jersey Cape. Cape May County is rich in history and offers many 

opportunities for residents and visitors alike to relive the interesting past of the County.  

  

Garden State Parkway traverses the County from North to South connecting it with New York 

City and other northern points.  State Route 9 provides easy access from the County to 

Atlantic City. US Rout 47, which becomes Rout 55 at Port Elizabeth in Cumberland County, 

directly links the County with Philadelphia metropolitan area. There are plans for the 

completion of Route 55 between its present terminus at Port Elizabeth to a connection with the 

Garden State Parkway in the vicinity of EXIT 13 in Cape May County. The project is to be 

developed for private financing, construction and operation. Among other transportation assets 

of the County is the famous Cape May-Lewes Ferry, which deserves to be called the most 

memorable and convenient way to travel between Delaware and New Jersey. The Port of 

Cape May is considered one of the largest and busiest seaports along the eastern seaboard, and 

generates more than $500 million annually. 

Cape May County is considered the “paradise” of New Jersey. Famous for its beaches, clean 

ocean water and historic sights it attracts a lot of tourists making the service-producing 

industry number one in the County. In 2000, 92.6% of non-farm employment belonged to this 

industry. An increasing number of accommodations, restaurants and shops are open year 



 

around. In October Cape May revels in its Victorian heritage during “Victorian Week” 

identified as one of the “Top 100” events in North America. Farming and fishing have been 

the lifeblood of the County since the early 1600's.  Today commercial fishing is still the 

backbone of the County and is the second largest industry in Cape May County.  

The number of housing units grew from 85,547 in 1990 to 91,047 in 2000.  

Homeownership rate of 74.2% and the median value of owner-occupied housing units of 

$137,600 are comparatively higher than in the rest of the Southern Jersey Counties. 

Housing Unit Growth for Cape May County
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The patterns in land use in this County are similar to those in other counties, which is 

extensively criticized by environmentalist groups of the County (e.g. Clean Ocean Action). 

Agriculture and forests experienced a striking decrease by 14.23% and 4.81%, respectively, 

whereas urban land use increased by 13.25% and barren lands increased by 5.88%.     

 

Land Use/Land Cover Change, Cape May County 1986-1995/1997 (In Acres) 
Land Use Type 1986 1995 Net Change %Change 
Agriculture 8,722 7,481 -1,241 -14.23% 
Barren Land 3,076 3,257 181 5.88% 
Forest 39,124 37,244 -1,880 -4.81% 
Urban Land 25,627 29,022 3,395 13.25% 
Water 22,218 22,365 147 0.66% 
Wetlands 84,202 83,601 -601 -0.71% 



 

Cumberland County  
 
Area: 489.19 square mile 

Population Density (2000): 299.04 persons/square mile 

Total Population (2000): 146,289 

Population, percent change (1990 to 2000): 6.1% 

 
Cumberland County is located right in the middle of urban corridor stretching from 

Washington, D.C. to Boston. It borders with Cape May County and Salem County. Less than 

an hour's drive from metropolitan Philadelphia or Atlantic City, Cumberland County offers a 

quiet paced style often considered lost along the East Coast. The County Seat, Bridgetown is 

the central point of the County. The County is famous for its vast wetlands, undisturbed 

stretches of the Delaware Bay, roadside vegetable stands, and a rich glassblowing heritage. 

Cumberland County is easily accessible by highway using such major routes as the New 

Jersey Turnpike, Garden State Parkway, Routes 55 and 322, and I-295.Though it took more 

than 20 years to complete the entire 40 mile stretch, the construction of Route 55 has opened 

the world of commerce and expanded leisure activities to businesses and residents of 

Cumberland County. The opening of Route 55 has simplified access to Philadelphia, reducing 

the drive by at least a half-hour. Route 55 acts as a feeder to Route 295, the New Jersey 

Turnpike and Delaware. A Cumberland County Planning Department estimates that partly as 

a result of the opening of Route 55, population in Cumberland County could grow to 190,000 

by the year 2005. Other transportation assets include Millville Airport, which is the only FAA 

Flight Service Station in New Jersey, and Bridgetown Port, which provides access to regional 

transportation. 

Economic development of the County is strongly dependent on agricultural production. With 

more than 99,000 acres of farmland, Cumberland County's agricultural production totals to 

$70-75 million annually. Known as the “Garden Spot” of the Garden State, the County 

features the Vineland Produce Auction, with about 700 members. This is the largest farmer-

owned cooperative in the County and annually produces almost $50 million in sales. Related 

industries include vegetable and seafood processing plants, ornamental nurseries, fruit 



 

orchards and dairy, poultry and swine farms. Over the last ten years, non-farming employment 

decreased by 11.1%. Leading non-farming employers include South Jersey Hospital System, 

which offers 1,923 jobs, and Millville Airport, which employs between 1,300 and 1,400 

people and generate with businesses located adjacent to it over $30 million in combined 

payrolls annually. Major private businesses such as Lawson Mardon Wheaton Co., Durand 

Glass, Seabrook Bros and Sons, Kimble Glass, WaWa, Clement Pappas Co., Inc. together 

provide around 4,500 jobs.  

The total number of housing units in the County in 2000 was 52,863 with 49,143 households. 

9% out of total housing units were built in the last ten years. Median value of owner-occupied 

housing units in 2000 was $91,200. 40% of householders moved into their homes in the five 

years before 2000. 

 

Housing Unit Growth for Cumberland County
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From 1986 to 1995, urban land increased from 32,363 to 36,471 acres, or a 12.6% growth. 

There was a 12.7% increase in water use. The rest of the lands including barren land, forests, 

and wetlands encountered an insignificant decrease. Agriculture also experienced moderate 

decrease of 2.9 %, which is very low in comparison with Burlington County (13% decrease), 

Camden County (20.99%), and Ocean County (17.5% decrease). 

 

 



 

Land Use/Land Cover Change, Cumberland County, 1986-1995 (In Acres) 
 

Land Use Type 1986 1995 Net Change %Change 
Agriculture 64,902 63,004 -1,898 -2.92% 
Barren Land 3,541 3,474 -67 -1.89% 
Forest 105,572 103,155 -2,417 -2.29% 
Urban Land 32,363 36,471 4,109 12.69% 
Water 14,047 15,838 1,791 12.75% 
Wetlands 101,185 99,667 -1,517 -1.50% 

 

Gloucester County 
 

Area (2000): 324 square miles 

Total Population (2000): 254,673 

Population Density (2000): 784.3 persons/square mile 

Population % change (1990-2000): 10.7% 

 
Surrounded by Delaware River in the northern part Gloucester County is located between 

Salem and Camden Counties, bordering with Cumberland and Atlantic Counties in the 

southern part. The County belongs to the metropolitan area of Philadelphia and located within 

one-hour drive from Atlantic City. Established in 1646 the County possesses Revolutionary 

War Battlegrounds with original trenches and weapons and distinctive and outstanding Early 

American architecture which are carefully preserved.  

The major routes Interstate 295, NJ/PA Turnpike Connection, and US Routes 130 go across 

the northern part of the County. State Routs 77 and 55 serve as the connection between the 

northern and southern parts of the County. Other fixed transportation assets include Walt 

Whitman Bridge across the Delaware River. 

The economic profile of the County is shaped through the combination of agriculture and 

industry. Farming in all of its phases is highly established and developed. The raising of fruit, 

farm vegetables, and poultry, the dairy industry, the breeding of cattle, hogs, and other 

livestock, the existence of modern year-round canneries, quick freezing establishments and 



 

nearby markets all go far to make Gloucester County one of the chief food producing sections 

of the State. Hand in hand with agriculture, the County possesses some of the largest 

industries of the East. Deptford Mall Retail Complex and Pureland Industrial Park (3,000 

acres) serve as the major employers. Total employment in the County has increased by 14.7%, 

from 92,856 in 1990 to 106,525 in 1997. 

Residential building permits increased from 1,183 in 1990 to 1,527 in 2000. Overall the 

number of housing units in the County increased from 82,459 in 1990 to 95,054 in 2000.  

Housing Unit Growth for Gloucester County
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According to the data, the County’s land use experienced a severe deterioration over the 9-

years period from 1986 to 1995. Barren land increased by a shocking 37.53% while 

agriculture and forests significantly decreased by 12.87% and 2.15%, respectively. Urban land 

use went up by 17.30%. Parks account for 4.9% of total land use in the Gloucester County. 

 
Land Use/Land Cover Change, Gloucester County, 1986-1995 (In Acres) 

 
Land Use Type 1986 1995 Net Change %Change 
Agriculture 62,726 54,655 -8,071 -12.87% 
Barren Land 2,478 3,408 930 37.53% 
Forest 53,310 52,165 -1,145 -2.15% 
Urban Land 50,023 58,678 8,654 17.30% 
Water 9,740 9,833 93 0.95% 
Wetlands 37,339 36,878 -461 -1.23% 



 

Salem County 
 
Area (2000): 338 square miles 

Population density (2000): 190.3 persons/square mile 

Total population (2000): 64,285 

Population change (1990-2000): -1.5% 

 

Salem County is located along the last big bend in the Delaware River, in the southwest corner 

of the state, bordered by Gloucester and Cumberland counties and the state of Delaware. 

Comprising 338 square miles, Salem ranks 10th in size among all New Jersey counties, but is 

the least populated, with a 2000 census total of 64,285. There are over 150 brick homes 

predating the Revolutionary War. Today, Salem County remains rural in nature with 

approximately 43 % of the County's land in agriculture use on over 700 farms. 

Interstate 295 and New Jersey Turnpike cross the northern part of the County. Two routes 49 

and 40 connect the northwestern and southeastern parts of the County. Recently the state 

invested more than $21 million in the Fix-It First project that will replace the current Route 49 

Bridge over the Salem River with a new 480-foot fixed, convertible vertical lift bridge with 

two 12-foot lanes and 10-foot shoulders. Salem County also owns the West Jersey Railroad, 

which makes runs from Salem City to Swedesboro and serves Mannington Mills and Anchor 

Glass. In 2002 NJDOT has made a $350,000 grant available to the Southern Railroad which 

operates the West Jersey Railroad. As part of the agreement, Southern Railroad will provide 

$150,000 toward the reconstruction of the tracks of the West Jersey Railroad. 

From 1981 to 1989 total personal income in Salem County rose from $695.1 million to $1,124 

million or by 61.7 percent, below the 91.4 percent advance for the state and the 73.3 percent 

advance for the nation. Major economic developments in Salem County include the 

construction of a $110-million power plant in Oldmans Twp and a $560 million Chambers 

Works Cogeneration Power Plant in Deepwater, as well as a $17 million jail recently 

constructed in Mannington. Employment opportunities, reflecting both industrial expansion 

and replacement needs, can be found in a diverse range of occupational categories. Major 



 

employers include such companies as PSEG employing 1,965 people, E.I. DuPont (1,450), 

Mannington Mills (860), and memorial Hospital of Salem County (800).  

The total number of housing units in the County in 2000 was 25,349. From 1990 to 2000 the 

number of housing units grew by 0.7%, which is quite low number in comparison with other 

counties. Median value of owner-occupied housing units in 2000 was $105,200. 12,7% of 

householders moved into their homes in over the year from 1999 to 2000. 

Housing Unit Growth for Salem County
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The tendencies in land use in the County are a little different from those in other counties. 

Even though, the urban land increased from 20,002 acres to 22,845, or 14.21% growth, 

agriculture did not decrease so drastically as in other regions. There was just –3.25% change 

of land use in agriculture, and forests even increased by 0.78%.  The barren lands, however, 

decreased from 1,379 in 1986 to 1,217 in 1995. 

Land Use/Land Cover Change, Salem County, 1986-1995/1997 (In Acres) 

Land Use Type 1986 1995 Net Change % Change 

Agriculture 86,410 83,598 -2,812 -3.25% 
Barren Land 1,379 1,217 -163 -11.82% 
Forest 36,307 36,592 285 0.78% 
Urban Land 20,002 22,845 2,843 14.21% 
Water 15,241 15,416 175 1.15% 
Wetlands 67,347 67,019 -328 -0.49% 

 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Appendix 1-B: 
 

Description of Operational Models  
for Land Use Modeling 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Operational Models for Land Use Modeling 
 
METROPILUS (the METROPolitan Integrated Land Use System) was developed by 
Steven Putman and his colleagues at the University of Pennsylvania. This model is 
composed of the residential location model (DRAM), the employment location model 
(EMPAL), and the land consumption model (LANCON). DRAM forecasts residential 
location by allocating employees (located by their place of work) to residential zones on 
the basis of:  

• residential attractiveness of different residential zones, and;  
• travel times and/or costs between work and residential zones.  

It is a modified version of spatial interaction (gravity) model that incorporates a 
multivariate, multi-parametric attractiveness function and consistent procedures for 
specifying residential zone and/or employment sector-specific constraints. The EMPAL, 
on the other hand, forecasts employment locations by allocating households (located by 
their place of residence) to alternative work zones on the basis of:  

• employment attractiveness of different zones;  
• travel time and/or cost between home and work, and;  
• current location of the region’s residents and workers.  
 

The third model LANCON, takes the calculated demands for residential and employment 
uses in each zone and estimates the change in each land use category. 
 
The models are calibrated for a particular study area by fitting the model parameters to 
regional data. The outputs include the projected employment and residential land uses by 
zone, the model parameters, the several goodness-of-fit significance test statistics, and the 
location elasticity which measures the sensitivity of model outputs to different model 
inputs. 
 
This model has been used in eight of the ten largest cities in the United States and over 20 
metropolitan statistical areas including Atlanta, Chicago, Dallas/Ft. Worth, and Los 
Angeles. However, the model is very expensive and could only be purchased as a part of 
a consulting package. In addition, it requires substantial and hardly accessible data. 
 
CUF-I (California Urban Futures) and CUF-II were developed by John Landis and his 
colleagues at the University of California, Berkeley. These two models are similar in 
their overall design but different in detailed implementations. Both of them are designed 
for regional, countywide, and local land-use planning. They are spatially explicit at site 
level rather than at zonal or jurisdictional levels. They both integrate a GIS component 
for data processing, management, and display purposes. These real-time use models are 
designed for framing and evaluating realistic land-use and development policies.  
 
CUF-I projects the location, pattern, and density of residential population growth in the 
fourteen-county Northern California Bay Region as a function of alternative regulatory 
and investment policy initiatives. It allocates growth to individual sites and then 
aggregates upward to cities and counties. Instead of relying on transportation accessibility 



 

as the primary determinant of urban development patterns, CUF-I uses spatial 
accessibility as one of the many variables that determine the location of new 
development. It’s also the first metropolitan simulation model to use GIS to assemble, 
organize, manage, and display the millions of available pieces of information describing 
land development potential. The biggest advantage of CUF-I is that it allows 
incorporating the realistic development policies into the growth forecasting process.  As a 
result, the model presents the outcomes of different policy scenarios in the effective and 
comprehensible way.  
 
CUF-II is built on the basis of CUF-I and overcomes some of the limitations of its 
predecessor. In particular, it:  

• includes multiple land uses (residential, commercial, and industrial);  
• allows different land uses to bid against each other for preferred sites;  
• allows redevelopment and infill development; and  
• is calibrated against historical experience. 

 
CUF-II uses one hectare grid cell (100m by 100m) as basic unit of analysis. The model 
incorporates four submodels: Activity Projection Component, Spatial Database, Land 
Use Change submodel, and a Simulation Engine. 
 
Activity Projection Component projects future population, households, and employment 
by county. Spatial database is used to store and manipulate data for various land use 
development potentials. The Land Use Change Submodel is a series of multinomial logit 
equations that relate observed hectare-scale land use changes between 1985 and 1995 to 
more than two dozen sites and community characteristics. The model projects nine 
different site-level land use changes. The last component, Simulation Engine is used to 
calculate site development probabilities based on the results of Land Use Change 
Submodel. Each probability value for each grid cell indicates the likelihood of specific 
vacant or previously developed cell being developed or redeveloped with a residential, 
commercial, or industrial use. Different grid cells are allowed to bid against each other 
for various land uses. 
 
What If? is yet another urban simulation model developed by Richard Klosterman and 
his colleagues. It’s a scenario-based, policy-oriented planning support system that can be 
used to support community-based processes of collaborative planning and collective 
decision making. The system allows users to create alternative development scenarios 
and determine the possible impact of alternate public policy choices on future land-use 
patterns and associated population and employment trends. Policy choices that can be 
considered in the model include the staged expansion of public infrastructure and the 
implementation of alternative land use plans and zoning obligations. 
 
What if? projects future land use pattern by balancing the supply of and demand for land 
suitable for different uses at different locations. It does this by providing three integrated 
model components:  

• suitability option for developing land suitability scenarios which 
determine the supply of land;  



 

• growth option for creating growth scenarios which determine the demand 
for land;  

• allocation option that projects future land use patterns by allocating the 
projected land use demands to the most suitable sites.  

Alternative visions for an area’s future can be explored by defining alternative suitability 
growth, and allocation scenarios.  
 
TRANUS is an integrated land use and transportation model which can be applied at a 
community or regional scale. The integrated modeling package provides users with a 
means for projecting transportation demand and assessing the implications of alternate 
transportation policies on locations of and interaction between activities. The program 
can be used to: (1) simulate the probable effects of applying particular land use and 
transportation policies and programs; and (2) evaluate the associated effects from social, 
economic, financial, and energy points of view. 
 
TRANUS is mostly based on the Discrete Choice Theory and Random Utility Theory to 
deal with the problem of transportation modal split, assignment, trip generation, and the 
location of activities. The land use model is a spatial input-output model or activity 
location model. A typical application includes employment, population, and land uses. 
The study area needs to be divided into zones and the economy of the area must be 
divided into sectors. To calibrate the model, it is essential to know the following 
information: number of jobs by sector and zone, number of households or population by 
type, quantities of land per type and zone, as well as an indication of prices and a 
description of current land use policy. As a result of the activity location process, a set of 
matrices of flows is produced from which potential transportation demand may be 
derived. 
 
The transportation model could then be used to transform potential demand into actual 
trips, determine modal splits, and assign the demand to different transportation system 
options based on their capacity restrictions. 
 
Similarly, TRANUS can be used to simulate and evaluate different land use and 
transportation policies by running on two scenarios, one without certain policy and the 
other with policies. 
 
However, it’s expensive to purchase and implement this model. It also requires 
substantial data collection including information on the current employment, population, 
and land use for transportation analysis zones, current land use and price, and a complete 
description of the transportation network with adequate capacity information. Moreover, 
the purpose of the TRANUS model does not satisfy the goals of the Smart Growth Study 
in South Jersey.  
 
UrbanSim is an agent-based model developed by Paul Waddell and his team at the 
University of Washington. The model is aiming to simulate the interactions of decision-
makers within the real estate market. The key players include households, businesses, 
developers, and the government. By specifying alternative packages of forecasts, land use 



 

policy assumptions, and other inputs, it is possible to execute the model for a given 
scenario. The results of one or more scenarios can be examined and compared in the GIS 
viewer component of the user interface. 
 
UrbanSim is still under development. At this point, the model includes the following 
submodels: demographic and economic transition models, household and employment 
mobility models, household and employment location models, real estate development 
model, land price model, and export model. All these models are coordinated and 
integrated into the system by a model coordinator. 
 
The UrbanSim scenario allows taking a combination of policy assumptions and inputting 
them into the model to examine the potential consequences of urban form, land use mix, 
density, and travel patterns. The model does not attempt to “optimize” policy inputs, but 
is intended to facilitate interactive use to support an iterative, participatory planning 
process.  
 
From the practical perspective the idea to adopt UrbanSim seems very attractive. The 
model is available from its official website free of charge. However, from the theoretical 
and application stand points UrbanSim appears to be inapplicable to the land use 
modeling in South Jersey. The model requires re-coding of existing scripts in order to 
apply it to South Jersey. Moreover, it requires housing prices and transportation 
information that is hardly accessible. 
 
As this brief description of the land use models illustrates, there is a variety of techniques 
that can be applied to the land use simulation. This study uses the CUF-II model as the 
reference. 
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Complete Methodology 

The land use development simulation in this research will take a grid-based approach, which 

is both practical and empirical in its nature considering the project budget and time constraint. 

The grid-based land use modeling methodology applied to this research comes with a 

straightforward conceptual framework which allows for convenient integration of various 

literatures that accounts for land use change from different perspectives – economic, social, 

physical, environmental, policy, etc. This approach is also made practically possible by the 

rapid development of Geographic Information Systems (GIS) technology which is 

increasingly being recognized as a powerful tool for urban planning. First, current grid-based 

GIS procedures had been mature enough for complex analysis, especially with ArcGIS 8.X 

series released recently by ESRI. Second, a grid-based approach is more appropriate than 

vector-based approach, because the vector-based approach requires more data processing time 

as well as dealing with huge datasets, which is not appropriate for a large area such as the 

Southern Jersey. 

The main goal of the simulation modeling is three folded: 1) to come up with a model for each 

of the counties in southern New Jersey and outlines the various factors that impact land use 

development during the period of 1986-1995, and on the basis of this, 2) to generate land use 

development probability map which shows the probability of each site being developed or 

redeveloped into various land use type (residential, commercial, industrial, etc.). This 

probability map is derived from the land use pattern formulated between 1986 and 1995, with 

the assumption that previous trend will somehow continue till our projection year – year 2000. 

3) Based on the probability map by land use type by county, a further step will be taken to 

construct different policy scenarios so that we could examine their impacts in shaping future 

land use pattern.  

Problem definition 

To formulate a working land use allocation model, the factors that influence the land use 

development must be defined carefully and specifically. Since the emergence of land use 

modeling in the 1950s, a lot of research has been done trying to uncover the mystery of how 

land use developed and how to quantify the factors in a way suitable for modeling. These 



 

theories include spatial interaction theory, utility maximization theory, economically-based 

land use market theory, discrete choice theory, cellular automata theory, etc. 

To choose an appropriate land use model that is both theoretically sound and practically 

doable in South Jersey is our first task. After comparing several mainstream land use models 

currently available in the market, we finally decide to follow the methodology that’s first 

introduced by John Landis and his colleagues in California. The California Urban Futures 

(CUF II) model built by Landis adopted a multinomial logistic model for Bay Area and the 

model yields reasonably good explanatory power in predicting future land use pattern upon 

various policy assumptions. The detailed methodology will be discussed later in the report. It 

is important to mention  that this study applies different from CUF II calibration and allocation 

algorithm. 

The background check on each of the counties was done in order to pinpoint the obvious 

impact of the variables that might have an effect on local land use development. Then, those 

factors inferred from the theories mentioned above were included in the model.  

Since this research builds models that will be used to predict future land use consumption, it is 

important to verify that the variables can be represented in GIS analysis with geographic 

information. Variable also should be currently available either directly from public/private 

sources or by indirect derivation from existing dataset. Besides data availability, data 

accuracy, map scale/spatial extent, and data consistency should be taken considered. 

This research requires two sets of variables – dependent and independent variables. The 

dependent variables are various land use conversions occurred during the study period in each 

of the counties. The independent variables are those factors that have potential impacts on land 

use development. Both dependent and independent variables need to be represented in GIS as 

distinct grid layers with identical grid size. Each layer represents the spatial distribution of a 

variable that influence land use evolution. A 300 by 300 feet grid cell was chosen as a basic 

land unit for analysis (thus each grid cell represents a hectare site). Such a grid cell has about 

the right level of resolution for analyzing patterns of developments and land use changes. It’s 

sufficiently fine-grained to observe small-scale land use changes, but not too fine-grained so 

as to obscure those changes with “noise”. 



 

To make the model easier for calibration/allocation the following land uses were excluded 

from development or redevelopment – barren lands, water, and wetlands. Therefore, only 

existing urban land, forest, and agriculture are considered as potentially developable or 

redevelopable in the model. 

Model Specification 

Similar to California Urban Futures (CUF II), this model also considers two classes of land 

use conversion, including land use changes among undeveloped sites and land use changes 

among previously developed sites. 

The regression model takes the following form: 

Pr[Land use change ijkl] = f{initial site usei, site characteristicsi, site accessibilityi, 

community characteristicsj, policy factorsij, relationships to neighboring sitesi} 

o Pr[Land use change ijkl] indicates the probability that site I in community j 

changed from land use k to land use l between 1986 and 1995; 

o i: site i; 

o k, the initial (1986) land use of site i, is either developed or undeveloped 

o l, the terminal (1995) land use of site i is either residential, commercial, 

industrial, or else is unchanged from the initial use. 

 

Data Collection 
 
The basic land use data is downloaded from the official website of New Jersey Department of 

Environmental Protection. The 1995/1997 Land Use/Land cover polygon shape files for New 

Jersey’s Watershed management Areas were created by comparing the 1986 LU/LC layers 

from the NJDEP GIS database to the 1995/1997 color infrared digital imagery, and 

delineating areas of change. In addition, an impervious surface (IS) code has been assigned to 

each polygon. All polygons retain the original 1986 land use code, as well as being given a 

1995/1997 land use code so that change analysis can be done directly from these data sets. 

Most of the demographic, employment, and economic data are from U.S. Census website. 



 

Other data sources include New Jersey Office of State Planning (http://www.nj.gov/dca/osg), 

U.S. Department of Transportation (http://www.dot.gov), Environmental Systems Research 

Institute (http://www.esri.com). 

 



 

Table 1: Data Sources 

Category Dataset Source 
Land Use Land Use/Land Cover 1986-1995 New Jersey Department of Environmental Protection 
Boundaries State, County, Municipal and Census Tract New Jersey Department of Environmental Protection 
   U.S. Census Bureau 
   Census CD (by GeoLytics) 
  State Planning Boundaries New Jersey Office of Smart Growth (formerly Office of State Planning) 
Demographics Household & Population U.S. Census Bureau 
    Census CD (by GeoLytics) 
  New Jersey Department of Labor (http://www.state.nj.us/labor/) 
Employment Employment by County/Municipality/Census 

Tract 
U.S. Census Bureau 

   Census CD (by GeoLytics) 
   Workforce New Jersey Public Information Network 

(http://www.wnjpin.state.nj.us/) 
   New Jersey Department of Labor (http://www.state.nj.us/labor/) 
  New York & Philadelphia ESRI 
Protection Program Farmland Preservation Plan State Agriculture Development Committee, Department of Agriculture of New 

Jersey 
  Federal- and State-owned Open Space New Jersey Office of Smart Growth (formerly Office of State Planning) 
  Pineland Protection Plan New Jersey Department of Environmental Protection 
  Wetlands New Jersey Department of Environmental Protection 
Transportation Highway New Jersey Department of Transportation 
  Highway Exchange   
  Railroad New Jersey Department of Transportation 
Infrastructure & 
Services 

School Ranking New Jersey Department of Education 

  Sewer System Coverage New Jersey Office of Smart Growth (formerly Office of State Planning) 
State Planning All State Planning Datasets New Jersey Office of Smart Growth (formerly Office of State Planning) 
Physical Constraints Q3 Floodprone Area U.S. Environmental Protection Agency 



 

Dependent variable – Land Use Change between 1986 and 1995 

The dependent variable in this case is the land use change between 1986 and 1995. As in the 

CUF II, the dependent variable in this model has eight different categories:  

 For any vacant site (basically, each site is a 300 by 300 feet grid; vacancy is defined as 

non-urban, which could be forest, agriculture, wetlands, etc.) at the beginning of 1996, 

it could fit itself into one of the following land use change category by the end of 

1995: 

• Vacant to residential 

• Vacant to commercial 

• Vacant to industrial 

• Keep vacant 

 For any already developed site (which is defined as urban in 86/95 land use/land 

cover dataset published by New Jersey Department of Environmental Protection), 

it could undergo one of the following change: 

• Developed to residential 

• Developed to commercial 

• Developed to industrial 

• No change in developed status 

 

As Table 2 illustrates, the residential land use change holds the largest share among all 

land use conversions in this period, followed by commercial land use and industrial land 

use.  

Based on the 1986/1995 land use/land cover dataset, the table in next page shows the 

frequencies of land use changes between 1986 and 1995 for the three counties in the 

study. Most of the vacant sites in 1986 still remain vacant in 1995. Burlington County has 

96.23% vacant land keep unchanged during this period, 92.71% for Camden County, and 

93.61% for Gloucester County. To certain extent this shows that the urbanization process 

in Camden County is faster than in the other two counties. Of the three land use change 

categories (vacant to residential, vacancy to commercial, and vacancy to industrial), the 

vacancy to residential land use change category has the largest share as compared to the 



 

other two. Camden County has a percentage of 6.27% of vacant land in 1986 that gets 

developed into residential land use in 1995. The percentage for Gloucester County is 

5.51%, and 3.26% for Burlington County. Averagely the land use change from vacancy 

to commercial has the second highest share, a bit higher than the percentage of vacancy 

to industrial. But somehow both these two land use changes bear low percentages, 

ranging from 0.23% to 0.78%. 

 

There is less variation for development rates in three counties during 1986-1995. All 

three counties have more than 98% developed sites in 1986 that didn’t change in their 

land use in 1995. The highest percentage comes from Burlington County and is as high as 

99.34%, followed by Camden County (98.74%) and Gloucester (98.22%). This is not 

surprising because it depicts a picture of urban sprawl in Southern New Jersey area that 

we need to pay more attention to. As we could assume from the Table 2, the development 

in the three counties focus more on new residential/commercial/industrial land than 

refilling existing urban land. If measured in absolute terms, there are 2950 hectares in 

Burlington County that get developed from vacancy to residential between 1986 and 

1995, while there is only 63 hectares of existing urban land get developed into residential 

land use. Camden County (1196 hectares vs. 119 hectares) and Gloucester County (2285 

hectares vs. 146 hectares) apparently show the same trend as well. Of the three counties, 

Burlington County has the lowest redevelopment rate in all three redevelopment land use 

categories (0.20% for redevelopment into residential, 0.39% for redevelopment into 

commercial, and 0.06% for redevelopment into industrial). The percentage of 

redevelopment rate for all land use change categories ranges from 0.06% to 0.75%.



 

Table 2: Land Use Change Frequencies by County and Type: 1986-1995 

Frequencies: Hectares of Vacant Land Use Change 

County Vac. To Res. Vac. To Comm. Vac. To Industrial Remain Vacant All Vacant Sites 
  # % of total # % of total # % of total # % of total # % of total 
Burlington 2950 3.26% 263 0.29% 204 0.23% 87160 96.23% 90577 100.00%
Camden 1196 6.27% 149 0.78% 46 0.24% 17684 92.71% 19075 100.00%
Gloucester 2285 5.51% 217 0.52% 148 0.36% 38854 93.61% 41505 100.00%
 
Frequencies: Hectares of Developed Land Use Change 

County Redeveloped. To 
Res. 

Redeveloped To 
Comm. 

Redeveloped To 
Industrial 

No Change All Developed Sites 

  # % of total # % of total # % of total # % of total # % of total 
Burlington 63 0.20% 121 0.39% 20 0.06% 30679 99.34% 30883 100.00%
Camden 119 0.46% 175 0.68% 32 0.12% 25552 98.74% 25877 100.00%
Gloucester 146 0.75% 126 0.65% 74 0.38% 19103 98.22% 19450 100.00%



 

Independent variables – Finding the factors that matters with land use 

development 
 

Land use development is a complex process relating to a lot of factors from various 

perspectives including economic, social, environmental, and so forth. The selection of 

these independent variables has to balance between going further enough to catch the 

main factors that either drives or hampers land use development process and the time and 

budget constraints that limit our further endeavor for data collection and variable hunting. 

After referring to CUF II research and the land use development in South Jersey, the 

following categories of independent variables were designed: 

1. Demand variables for each types of land uses 

2. Generalized accessibility of the site to other activities 

3. Constraints exerted by existing policies such as open-space protections 

4. Positive or negative impacts exerted by neighborhood sites 

5. Initial land uses 

6. State planning variables 

7. Physical constraints and service quality 

 

Theoretically the zoning information could be one of the most useful variables since it 

governs most of the land use development between 1986 and 1995 with very few 

exceptions. However, the implementation of the model requires the digitization of all 

zoning maps which are hardly accessible. After contacting various planning 

departments/boards at municipality, county, and state levels, the research team learned 

that there are no zoning map in electronic forms readily available but they are mostly in 

paper forms and need to be digitized manually. Since this requires a large amount of time 

and the quality of digitization work is impossible to control, it was decided to exclude 

this variable from the model. Property value, as another example, could also be a good 

indicator of land use change but the data is again very difficult to get with the limited 

time and budget. Other abandoned variables include people’s preference to live, 

environmental quality, etc. 

 



 

It is also important to mention that some of the variables are difficult to measure at site 

level, such as the population and job demand. Normally they are measured at either 

municipality or county level. The research team decided to measure these variables at 

census tract level.  

 

Demand variables 

The conversion of land use from either vacancy or developed to residential, commercial 

or even industrial are the outcome of balance between the demand for land use and the 

supply for land use. The demand for land use comes from the growth of population and 

households as well as the job-to-household ratio. The land use development is primarily 

based on a market clearance scenario where supply meets demand (although the supply 

might lag behind demand to a more or less extent). Similarly, a declining 

city/municipality does not expect to see much new residential development or 

commercial development because there is no such strong demand. It is also important to 

know that development of redevelopment of commercial land use largely depends on the 

development or redevelopment of residential land use in the area around because 

commercial services intends to serve population. This implies that there might probably 

be a relationship between residential land use development and commercial land use 

development. 

 

In order to simulate the demand for land use conversion, the following four variables 

measuring household were selected: 

 household density in 1980; 

 growth of household density between 1980 and 1990; 

 population density in 1980; 

 the growth rate of population density between 1980 and 1990. 

Since a fair amount of urban sprawl is present in Southern New Jersey, the assumption 

can be made that the new development prefers to occur in new and small communities 

instead of the old, existing, and larger communities. Therefore the impacts of household 

density in 1980 and population density in 1980 are expected to be negative. 



 

The research team also incorporated two other employment variables and one variable 

that combine employment and household in the model – the employment in 1980, 

percentage of employment change between 1986 and 1995, and the job-to-household 

ratio. According to economic theory, the location of residence is determined by the 

location of employment. Thus employment opportunities in different locations are 

expected to have import impacts on the development or redevelopment of residential land 

use. On one hand, people prefer to live close to where they work, while on the other hand 

they are attracted to places a bit away from their work but with better scenery, air quality, 

and cheaper accommodations. Herein people’s choice as where to live is the outcome of 

the above two forces, making the employment variables having either positive or 

negative impacts. Job-to-household variable could also have either positive or negative 

impacts on residential land use because each locality is expected to have a reasonable 

ratio of job to household. For example, higher job-to-household ratio means more job 

opportunities which might attract people to live close to it (which furthermore means the 

development of residential land use in surrounding area) while meanwhile the force of 

urban sprawl will drive population to less populated areas (which means less residential 

and commercial development in high job-to-household ratio area). 

 

Generalized accessibility of the site to other activities 

There are four accessibility variables, two from the perspective of employment potential 

and the other two from the perspective of transportation accessibility. The concept of 

accessibility has been introduced in urban modeling as early as in the 1930s, when Reilly 

used an analogy of Newtonian physics in his retail model. The underlying assumption is 

that the people’s social behaviors are characterized by human’s ability to travel in pursuit 

of information or goods and services. Later Walter Christaller developed central place 

theory which describe the retail hierarchy of cities and concluded that the size and 

distribution of markets varies according to relative size (or population). There are two 

regional centers for Southern New Jersey cities, one is the Philadelphia and the other is 

New York city. These two regional centers provide job opportunities to people within its 

commuting distance. Therefore, people will be attracted to settle down in the proximity to 



 

these two centers. The distances to the two regional centers are measured and used in the 

model to simulate the above addressed employment potential. 

 

Since the distance between place of residence and place of work has increased under the 

urban sprawl background, it is expected that the accessibility to transportation facilities 

will have important impacts on people’s decision of where to live. This concern is 

addressed by measuring the distance from each site to its nearest highway interchanges 

and to its nearest railroad. Both of these distance measurements are supposed to have 

negative impact on the probability of each specific site to get developed or redeveloped. 

 

Constraints exerted by existing policies such as open-space protections 

During 1986 and 1995, there are a couple public policies operating which obvious 

prevents land use development in protections area. These policies include state-owned 

and federal-owned open space protection, pineland protection, farmland protection, and 

wetlands protection. Any site falling in area covered by any of the above policies is 

prohibited from change its land use, although there could be few exceptions as we look at 

the actual land use change map. These policies are effective during our study period and 

we are using them primarily to exclude specific sites from being considered in calibration 

procedure so as to increase the accuracy of the model. 

Again, we don’t have zoning map readily available and since it requires a large amount of 

time and budget to digitize them and recode we didn’t include the zoning map in the 

model. However, we should admit that this zoning map could be a great help in 

improving the explanatory power of the model, and future research could try 

incorporating this variable if even the zoning map is available for one county. 

 

Positive or negative impacts exerted by neighborhood sites 

Due to the different preferences for each land use development, it is expected that the 

probability of each site being developed or redeveloped will be strongly influenced by the 

land use of its surrounding site. For example, it’s highly unlikely for a site to be 

developed into industrial use if all of its surrounding sites are currently in residential use. 



 

This site will most likely have higher chances of being developed into residential or 

commercial use.  

 

The following eight variables are introduced to measure the extent to which the 

probability of a site to be developed or redeveloped is influenced by its neighborhood 

characters. The first five variables measure the percentage of sites in various land uses, 

and the other three measure the distance to nearest sites in difference uses.  

 The percent of adjacent sites in residential use; 

 The percent of adjacent sites in commercial use; 

 The percent of adjacent sites in industrial use; 

 The percent of adjacent sites in transportation use; 

 The number of hectares of vacant land in neighborhood in 1980; 

 The distance to nearest residential site in 1986; 

 The distance to nearest commercial site in 1986; 

 The distance to nearest industrial site in 1986. 

The neighborhood is defined in GIS terms, which is the eight 300 by 300 feet grid cell 

surrounding a specific site. The Spatial Analyst in ArcGIS was used to perform spatial 

analysis on land use grids converted from original land use/land cover dataset.   

All variables except the distance variables are expected to have positive impacts on land 

use development.  

 

Initial land uses 

Initial land uses could be vacancy, residential, commercial, industrial, or other developed 

land uses. For a site that is vacant in 1986, the initial land use is always vacancy. For a 

site that is already developed in 1986, the initial land use could be one of the following: 

residential, commercial, industrial, or other developed land use type. 

Initiated by W. Alonso in his urban land market theory that applied and refined von 

Thunen’s original ideas, the land market theory aims to describe and explain the 

residential location behavior of individual households and the resulting spatial structure 

of the urban area. By introducing the bid-rent curve, the theory argues that the actual land 

rents in the city reflect the outcome of a bidding process by which land is allocated to 



 

competing uses. For example, residential demands by households will compete against 

commercial/industrial demanded by firms. Since commercial land is expected to yield 

higher rents than residential land, it is expected that the previously developed residential 

land will have higher probability to be redeveloped into commercial or industrial uses. 

And previously developed commercial or industrial land will be less likely to be 

redeveloped into residential use. 

 

State planning variables 

New Jersey Office of Smart Growth has initiated the state planning process that serves as 

the “underlying land use-planning and management framework that directs funding, 

infrastructure improvements, and preservation for programs throughout New Jersey.1” 

Although State Plan Policy Map is not mandatory but rather is “an instrument of state 

policy to guide state agencies and local government in the exercise of governmental 

powers regarding planning, infrastructure investment and other public actions and 

initiatives that affect and support economic growth and development in the state”, it 

reflects the vision for the development that is shaped by citizens in hundreds of public 

forums in New Jersey. The State Plan Policy Map reflects the general trend for land use 

development to such an extent that is helpful in explaining how current land use patterns 

are formulated. The variables are: 

 Distance to planning center boundaries 

 Distance to nearest surrounding critical environmental sites 

 Distance to nearest identified centers 

The distance to planning center boundaries and distance to nearest identified centers is 

expected to have a negative impact on land use development. The closer a site is to its 

planning center boundaries and identified centers, the more likely it will get developed or 

redeveloped. The distance to nearest surrounding critical environmental sites is expected 

to have positive correlation. That is, the closer a site is to a critical environmental site, the 

less likely it will get developed or redeveloped. 

 

 

                                                 
1 New Jersey Office of Smart Growth. Retrieved March 30, 2004 from: http://www.nj.gov/dca/osg/  



 

 

Physical Constraints and Service Quality 

Physical constraints will impact both people’s preference and construction costs, and 

therefore influence people’s choice of where to live. It is expected that people will prefer 

to live in area that doesn’t have flood hazard. GIS is used to determine whether specific 

site is within or outside of flood prone area. The assumption is that the construction cost 

in an area with sewer service will be lower than in an area without sewer service. So, the 

correlation between the sewer and the land use development should be positive.  

 

Another important variable that exerts influence on people’s choice of place of residence 

is the quality of education in different places. People, especially families with children 

normally will consider to live where good school system is available. Therefore, the 

assumption is that sites that are close to good ranked high schools will attract more 

people to live than other sites. In order to quantify the quality of school, the total score of 

math and verbal tests in 1999 was used. The initial database only indicates the total math 

and verbal scores for each school as limited points in GIS. The Spatial Analysis 

Extension in ArcMap was applied to perform a neighborhood analysis so that each site 

will gain a relative score depending on its neighborhood schools.  

 

Another important variable included in the model is the sewer service coverage. The 

market price for all house related costs should play an important role in people’s final 

decision of where to live. However, it is quite difficult to gain such data as the market 

price for constructions of houses. Therefore, the sewer system coverage is applied to 

partly represent it. Since the construction cost of a site which is already covered by 

existing sewer system is expected to be lower than the price of not covered sites, the costs 

for houses will be lower, and, therefore, it should exert positive impact on people’s 

preference of where to live. 

 
Model Calibration 

The combination of each county’s specific social, economic, environmental and other unique 

characters play an important role in shaping its spatial pattern. Considering the project’s time 



 

and budget constraints, the model is designed in such a way that each county will have a 

separate development and redevelopment submodels. To be specific, all of the three counties 

(Burlington, Camden, and Gloucester) will each have one development model which 

simulates land use development from vacancy in 1986 into one of the following – residential, 

commercial, industrial, or keep vacant by the end of 1995. Similarly, each of the above three 

counties will also have a redevelopment model that describes urban redevelopment into either 

residential, commercial, industrial, or keep unchanged in its land use status. 

To test the model and see how well it works, it was calibrated against the 1986 and 1995 land 

use/land cover dataset and the goodness-of-fit between the model predictions and the actual 

land use changes in this period were calculated. This method allows evaluation of the model’s 

prediction power. Percentage concordant is the indicator of the models prediction power. This 

percentage is the ratio of predicted land use change matching actual development to total 

number of land use changes by land use type. Percentage concordant illustrates to what extent 

the model predicts future development correctly. Please note that this prediction is at the site 

level (300 by 300 feet grid). 

GIS was used to calculate the actual land use development between 1986 and 1995 for each 

county by land use type. 

Table 3: Land Use Development by Type by County, 1986-1995 

Land Use Conversion 1986-1995 Actual # of Grids 
 Burlington Camden Gloucester 
Vac. To Res. 3528 1430 2733 
Vac. To Comm. 314 178 260 
Vac. To Indus. 244 55 177 
Dev. To Res. 75 142 175 
Dev. To Comm. 145 209 151 
Dev. To Indus. 24 38 89 

 
The probability of land use being developed  from vacancy to residential, vacancy to 

commercial, vacancy to industrial, or keep vacancy was calculated based on the coefficients 

obtained through the multinomial logistic regression procedure. This probability value is 

between 0 (low probability) and 1 (high probability). For example, a site might have a 

probability value for development from vacancy to residential (P1) as 0.43, a probability value 



 

for development from vacancy to commercial (P2) as 0.35, and a probability for development 

from vacancy to industrial (P3) as 0.12, and probability to keep vacancy (P4) as 0.10. All the 

probability values for this site will sum up to 1. And in this example, the site apparently has a 

higher probability to be developed from vacancy to residential than any other probability 

values (that is, any other potential developments). Therefore, if this site is to be developed, it 

will be developed into residential land use (since the probability value for development to 

residential is the highest). Similarly, for all those sites that were already developed at the 

beginning of 1986, the probability of land use redevelopment into residential, commercial, 

industrial, or keep no change in developed status was calculated. 

Since initial site status in 1986 could be categorized into two types - vacancy or developed, the 

calibration process is also performed by the two submodels – development model and 

redevelopment model. The calibration here and allocation procedure that will be mentioned 

below use improved algorithms than those used in CUF II model. As recognized by Landis, 

CUF II tends to predict no development rather than development due to its approach of 

calibration and allocation (which does not simply prove this model wrong). During the time 

period of the study, 1986-1995, a very limited area of land will actually get developed or 

redeveloped (as compared to the total area for each county) due to the relatively slow speed of 

land use development/redevelopment. To overcome this complication, the calibration process 

was built based on CUF II’s case-constrained approach. In CUF II, maximum-probability 

method is used to decide what site will be developed or redeveloped into any of land use types 

based on the assumption that the predicted change is the one that has the highest probability of 

occurring. However, since maximum-probability method might significantly over- or under-

estimate the total number of observed land use category choices or changes, Landis later 

applied another constraint to the maximum-probability method – the total number of predicted 

choices or changes can not exceed the observed number. Once the total area of predicted land 

use development/redevelopment has reached the total number of actual 

development/redevelopment for that land use category, no more land use 

development/redevelopment in that land use category would be occurring. For example, if 

there are 10,000 sites of available land in 1986 and the first 1,000 sites are most likely to be 

developed from vacancy to residential, while the total number of sites that were actually 

developed from vacancy to residential is a 100, then the calibration procedure only predicts 



 

the first 100 sites with highest probability to be developed into residential while ignoring the 

other 900 sites (even though their highest probability is from vacancy to residential). This 

case-constrained approach yields better calibration results that are more close to actual land 

use development. However, since there is always a small number of sites get developed or 

redeveloped during 1986 and 1995 as compared to the total number of vacant sites in 1986, 

the model still tends to predict no development rather than development. In the final 

probability table for three counties, a very high percentage of sites have a very high 

probability to keep either vacancy or keep no change in developed status. Therefore, during 

the calibration and allocation procedures, the probability of a site remaining vacant or 

developed is not included in the competition for land use development. In a calibration 

procedure, the total number of actual development between 1986 and 1995 serves as the 

constraint to limit the total predicted area for residential, commercial, and industrial 

development or redevelopment. In allocation/prediction procedure, a projected total number of 

residential land (derived from the total projected population in projected year and the 

population density at that year), commercial land (based on simple projected from previous 

period), and industrial as well serves as a limitation. In other word, the sites compete against 

each other until the constraint has been met.  

Table 4: Calibration results 

Land Use Change # correctly predicted % correctly predicted 
 Burlington Camden Gloucester Burlington Camden Gloucester 

Development Model 
Vac. To Res. 783 532 770 22% 37% 28% 
Vac. To Comm. 45 5 55 14% 3% 21% 
Vac. To Indus. 37 14 38 15% 25% 21% 

Redevelopment Model 
Dev. To Res. 27 5 43 36% 4% 25% 
Dev. To Comm. 14 4 16 10% 2% 11% 
Dev. To Indus. 0 7 18 0% 18% 20% 

 
Table 4 illustrates that the percentage concordant (% correctly predicted) is higher if more 

development/redevelopment occurred between 1986 and 1995. Among all the percentage 

concordant numbers, the residential development and redevelopment model have the highest 

percentage figures. For Camden, 37% of residential development is correctly predicted by the 

model, and the percentages for Burlington and Gloucester is 22% and 28%, respectively. The 



 

redevelopment models correctly predict 36% residential redevelopment in Burlington, 4% in 

Camden, and 25% in Gloucester. Since there are fewer development and redevelopment in 

commercial and industrial, the percentages of correct prediction are lower as compared to 

residential development and redevelopment. The development model correctly predicts 14% 

commercial development in Burlington, 3% in Camden, and 21% in Gloucester, while the 

commercial redevelopment model predicts a 10% redevelopment for Burlington, 2% for 

Camden, and 11% for Gloucester. 

The commercial development and redevelopment models show a rather low percentage 

figures (3% for development model and 2% for redevelopment model) even though the actual 

commercial development and redevelopment in Camden is high, as compared to other 

counties. Another interesting result is the relatively high percentages that are correctly 

predicted by industrial development and redevelopment models. Although the actual number 

of industrial development is lower as compared to residential development, the model 

correctly predicts 15%, 25% and 21% industrial development for Burlington, Camden and 

Gloucester counties, respectively. The industrial redevelopment model, on the other hand, 

appears to be working less effectively for Burlington, while for Camden and Gloucester, a 

percentage of 18% and 20% are reasonably good enough. 

The model is built at site level, and the percentage concordant calculated above is defined in 

very strict terms. The percentage only takes into account those sites that are correctly predicted 

by the model, while excluding those sites which are not predicted correctly but with only 

minor offsets in distance to actually developed sites. For example, if a site is actually 

developed from vacancy to residential between 1986 and 1995 and is not predicted to be 

developed into residential by the model, but rather another site next to it is predicted to be 

developed into residential, the percentage concordant is still 0, even though in this case the 

model is still effective in predicting future land use development (in this example, the 

predicted development is only 300 feet away from the actual development). Due to the time 

constraint of the project, a more effective way to calculate the offset of predicted development 

from actual development through geo-spatial statistical analysis was not found. Since this 

calculation will potentially improve the figure of percentage concordance, future work on the 

basis of this project should gear towards the direction of improving calibration algorithm. 



 

Table: 5 
Parameters for Business-as-Usual Scenario by County 

 

 
 

 
 
 
 
 
 

County Business-as-usual Scenario 
 Development Model Redevelopment Model 
Burlington Population Density Threshold 1274 Population Density Threshold 2946 
  Pop.1995 411890    
  Pop. 2020 505700    
  Percentage Pop. To Dev. Model 80.00%    
  Population to be allocated 75048 Population to be allocated 18762 
  Hectares of Residential Land to Develop 15260 Hectares of Residential Land to Redevelop 1650 
  (# of residential grids to develop) 18250 (# of residential grids to redevelop) 1973 
  Tot. Comm. Area developed 86-95 1624590    
  Comm Grids Developed in Urban 86-95 145    
  Comm Grids Developed in Non-Urban 86-95 314    
  Hectares of Comm. to develop(95-2020) 281 Hectares of Comm. to Redevelop(95-2020) 130 
        
Camden Population Density Threshold 1936 Population Density Threshold 2946 
  Pop.1995 509582    
  Pop. 2020 550500    
  Percentage Pop. To Dev. Model 80.00%    
  Population to be allocated 32734 Population to be allocated 8184 
  Hectares of Residential Land to Develop 4378 Hectares of Residential Land to Redevelop 720 
  (# of residential grids to develop) 5236 (# of residential grids to redevelop) 861 
  Tot. Comm. Area developed 86-95 2541302    
  Comm Grids Developed in Urban 86-95 209    
  Comm Grids Developed in Non-Urban 86-95 178    
  Hectares of Comm. to develop(95-2020) 291 Hectares of Comm. to Redevelop(95-2020) 85 
        
Gloucester Population Density Threshold 759 Population Density Threshold 2946 
  Pop.1995 243752    
  Pop. 2020 309500    
  Percentage Pop. To Dev. Model 80.00%    
  Population to be allocated 52598 Population to be allocated 13150 
  Hectares of Residential Land to Develop 17956 Hectares of Residential Land to Redevelop 1156 
  (# of residential grids to develop) 21475 (# of residential grids to redevelop) 1383 
  Tot. Comm. Area developed 86-95 1290971    
  Comm Grids Developed in Urban 86-95 151    
  Comm Grids Developed in Non-Urban 86-95 260    
  Hectares of Comm. to develop(95-2020) 211 Hectares of Comm. to Redevelop(95-2020) 31 



 

Table 6: 
Parameters for Smart Growth Scenario by County 

 

 
 
 
 

County Smart Growth Scenario 
 Development Model Redevelopment Model 
Burlington Population Density Threshold 2519 Population Density Threshold 2946
  Pop.1995 411890     
  Pop. 2020 505700     
  Percentage Pop. To Dev. Model 40.00%     
  Population to be allocated 40453 Population to be allocated 60679
  Hectares of Residential Land to Develop 4160 Hectares of Residential Land to Redevelop 5335
  (# of residential grids to develop) 4975 (# of residential grids to redevelop) 6380
  Tot. Comm. Area developed 86-95 1624590     
  Comm Grids Developed in Urban 86-95 145     
  Comm Grids Developed in Non-Urban 86-95 314     
  Hectares of Comm. to develop(95-2020) 281 Hectares of Comm. to Redevelop(95-2020) 130
Camden Population Density Threshold 3703 Population Density Threshold 2946
  Pop.1995 509582     
  Pop. 2020 550500     
  Percentage Pop. To Dev. Model 40.00%     
  Population to be allocated 16627 Population to be allocated 24941
  Hectares of Residential Land to Develop 1163 Hectares of Residential Land to Redevelop 2193
  (# of residential grids to develop) 1391 (# of residential grids to redevelop) 2623
  Tot. Comm. Area developed 86-95 2541302     
  Comm Grids Developed in Urban 86-95 209     
  Comm Grids Developed in Non-Urban 86-95 178     
  Hectares of Comm. to develop(95-2020) 291 Hectares of Comm. to Redevelop(95-2020) 85
         
Gloucester Population Density Threshold 1992 Population Density Threshold 2946
  Pop.1995 243752     
  Pop. 2020 309500     
  Percentage Pop. To Dev. Model 40.00%     
  Population to be allocated 21931 Population to be allocated 32896
  Hectares of Residential Land to Develop 2851 Hectares of Residential Land to Redevelop 2892
  (# of residential grids to develop) 3410 (# of residential grids to redevelop) 3459
  Tot. Comm. Area developed 86-95 1290971     
  Comm Grids Developed in Urban 86-95 151     
  Comm Grids Developed in Non-Urban 86-95 260     
  Hectares of Comm. to develop(95-2020) 211 Hectares of Comm. to Redevelop(95-2020) 31



 
 
 
 
 
 

 
 

 
 

Appendix 2-B: 
 

Delphi Study of Population  
Growth Allocation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Delphi Study on the Population Allocation 
 

Goal: To determine the percent of population growth that will be allocated to newly 
developed areas as opposed to redeveloped areas. 
 
Method: Contact 15 specialists in development in South Jersey by phone. The Delphi 
Technique was originally conceived as a way to obtain the opinion of experts without 
necessarily bringing them together face to face.  In recent times, however, it has taken on 
an all new meaning and purpose. The purpose of the Delphi technique is to elicit 
information and judgments from participants to facilitate problem-solving, planning, and 
decision-making. It does so without physically assembling the contributors. Instead, 
information is exchanged via mail, FAX, or email.  
 
 
Question: 
What percentage of the population growth in South Jersey will live in housing built on a 
previously undeveloped land? 

a) 90% 
b) 80% 
c) 70% 
d) 60% 
e) 50% 

 
Results: 

Name Organization Phone Response 
Jeff Swartz Camden County Economic Development (856) 751-2242 50% 
John Angle Burlington County Planning and Zoning Board (856) 642-3800 70% 
Tom Jankyard Office of Land Use-Farmland-Open space (856) 642-3850 80% 
Bob Call Department of Economic Development (609) 265-5055 50% 

Kerry Turner 
Camden City Development and 
Redevelopment  (856) 757-7688 70% 

Tom Chernezkiy Easthampton Twp Planning Land Use/Zoning (609) 267-5723 40% 
  Haddon Twp Planning Land Use/Zoning (856) 858-7780 60% 
Mike Marchitto Voorhees Twp Planning Land Use/Zoning (856) 216-0473  

Edward Bowman  
Planning and Zoning Board, Cumberland 
County (856) 691-0100 30% 

Dianne Morgan Planning and Zoning Office, Buena Vista Twp (856) 697-2100(9)   40% 
Tony Stanzione Cumberland Development Corporation (856)451-4200 80% 
Chak Romick Planning Department, Gloucester County (856)863-6661 75% 

Phil Sartorio 
Community Development Department, 
Franklin Twp (856)694-1234(145)  

Ken Lechner Community Development, Gloucester Twp (856) 374-3511 85% 
Bill Harrison Department of Smart Growth (609)292-7156 90% 

Average     63% 
 
 
 



 

 
 
 
 
 
 
 
 
 
 

Appendix 2-C: 
 

Coefficients Table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Burlington County 
 

Variable Vac. -> 
Res. 

Vac. -> 
Comm. 

Vac. -> 
Indus. 

Redev. -> 
Res. 

Redev. -> 
Comm. 

Redev. -> 
Indus. 

Intercept  -12.9017 -20.4924 -4.9747 10.7275 -18.0377 30.7541 
Population 1980 0.000342 0.000041 -0.00055 0.00324 -0.00071 -0.00028 
Population Growth Rate, 1980-1990 0.00239 0.00671 -0.013 -0.00471 -0.00158 -0.00376 
Employment Density, 1980 0.00103 0.0016 -0.00525 -0.005 0.00258 0.00504 
Employment Growth Rate, 1980-1990 -0.3674 0.1638 0.0404 -0.7145 0.771 -1.6997 
Households 1980 -0.00225 -0.00174 0.00752 -0.00324 -0.00158 -0.00678 
Household Growth Rate, 1980-1990 0.395 -0.0286 0.1564 0.5784 -0.5961 0.9992 
Job-to-Household Ratio, 1980 -0.3687 -2.5913 2.1219 -0.4893 0.1974 -12.9913 
School Ranking, 1999 0.0208 0.00816 -0.00538 0.0547 0.00702 -0.0379 
Distance to New York -0.00002 0.000029 8.05E-06 -0.00017 0.00002 0.000062 
Distance to Philly -0.00002 0.000025 -0.00002 -0.00014 0.000018 0.000044 
Distance to Highway Exchange 1.72E-06 -0.00002 0.00002 0.000049 -0.00006 -0.00009 
Distance to Railroad 8.29E-06 9.17E-06 0.000038 0.000089 -0.00005 0.000093 
% of Adjacent Grid Cells in Residential Use 0.0033 -0.0174 -0.0113 0.0187 -0.04 -0.0583 
% of Adjacent Grid Cells in Commercial Use -0.0194 0.0128 -0.00134 -0.0715 0.00474 -0.0445 
% of Adjacent Grid Cells in Industrial Use -0.0377 -0.00824 0.0258 -0.8087 -0.0427 -0.0203 
% of Adjacent Grid Cells in Transportation 
Use -0.0404 0.00218 0.00391 0.0147 0.00345 -0.0585 

Number of Hectares of Vacant Land in 
Neighborhood in 1986 0.1713 -0.0551 0.3882 0.2248 0.0671 -0.172 

Distance to Nearest Residential Grid in 1986 -0.00097 0.000287 0.000247 -0.00152 -0.00071 -0.00075 
Distance to Nearest Commercial Grid in 1986 0.000035 -0.00084 -0.00009 0.000092 -0.00088 0.000072 
Distance to Nearest Industrial Grid in 1986 0.000073 -0.00005 -0.00055 -0.00015 -0.00008 -0.00132 
Initial Land Use in 1986 is Residential 0 0 0 -17.1824 -0.6046 -1.2767 
Initial Land Use in 1986 is Commercial 0 0 0 -1.3276 -16.2932 -11.5633 
Initial Land Use in 1986 is Industrial 0 0 0 -11.232 -0.4225 -13.1344 
Initial Land Use in 1986 is Transportation 0 0 0 -2.974 -3.3719 -15.167 
Nearest Distance to Planning Center 
Boundaries -0.00003 -0.00001 -0.00005 0.000129 0.000034 -0.00006 

Nearest Distance to Surrounding Critical 
Environmental Sites -6.31E-06 0.000023 -2.90E-06 -2.18E-06 0.000016 -0.00003 

Nearest Distance to Identified Centers -0.00002 -3.81E-06 -5.05E-06 0.000014 0.000036 -0.00005 
Within Flood Prone Area -1.6212 -14.5919 -2.7952 -1.9741 -1.1712 -0.2583 
With or Without Sewer System 0.4472 0.8123 1.3338 0.6246 0.0996 0.1035 

 



 

Camden County: 
 

Variable Vac. -> 
Res. 

Vac. -> 
Comm. 

Vac. -> 
Indus. 

Redev. -> 
Res. 

Redev. -> 
Comm. 

Redev. -> 
Indus. 

Intercept  14.534 5.2122 -26.1072 18.2491 33.9203 124.1 
Population 1980 -0.00075 0.000226 3.60E-06 0.000209 -0.00041 -0.00067 
Population Growth Rate, 1980-1990 0.0109 0.00942 -0.0283 0.017 -0.00507 -0.0111 
Employment Density, 1980 0.000735 0.00351 0.00144 -0.00047 0.00182 -0.00511 
Employment Growth Rate, 1980-1990 -0.2938 -0.2301 -0.3221 0.0829 -0.0517 -7.3794 
Households 1980 0.000511 -0.00485 -0.00146 -0.0006 -0.00175 0.00652 
Household Growth Rate, 1980-1990 0.3931 0.292 0.4243 -0.1592 0.0319 3.896 
Job-to-Household Ratio, 1980 -1.3792 -5.2172 0.3937 -0.6293 -3.204 12.9313 
School Ranking, 1999 -0.00307 0.00674 0.0072 -0.0106 -0.00733 -0.0594 
Distance to New York -0.00004 -0.00002 0.000032 -0.00001 -0.00006 -0.00025 
Distance to Philly 0.000018 -0.00002 0.000048 -0.00002 0.00003 0.00019 
Distance to Highway Exchange -9.88E-06 -8.01E-06 0.000022 0.000067 -0.00004 -0.00026 
Distance to Railroad 0.000042 0.000061 -0.00009 0.00001 -0.00002 0.000473 
% of Adjacent Grid Cells in Residential Use 0.0196 -0.0021 -0.0366 -0.00596 -0.0255 -0.0563 
% of Adjacent Grid Cells in Commercial Use 0.00885 0.0218 -0.0712 -0.0466 0.000459 -0.0248 
% of Adjacent Grid Cells in Industrial Use -0.0504 -0.0138 0.00356 -0.1446 -0.00995 0.0618 
% of Adjacent Grid Cells in Transportation 
Use -0.0365 -0.0007 -0.0807 0.0133 0.0157 -0.00393 

Number of Hectares of Vacant Land in 
Neighborhood in 1986 0.3265 0.1611 -0.0532 -0.0687 -0.0875 0.0768 

Distance to Nearest Residential Grid in 1986 0.000157 0.000722 -0.00144 -0.00054 -0.00058 -0.00266 
Distance to Nearest Commercial Grid in 
1986 0.000152 -0.00143 -0.00031 0.000713 -0.00172 0.000228 

Distance to Nearest Industrial Grid in 1986 -0.00004 -0.00014 -0.00163 0.00018 0.000103 0.000054 
Initial Land Use in 1986 is Residential 0 0 0 -17.0969 -1.0057 -2.0854 
Initial Land Use in 1986 is Commercial 0 0 0 -0.9888 -16.6056 -2.1141 
Initial Land Use in 1986 is Industrial 0 0 0 0.6141 -0.665 -15.4147 
Initial Land Use in 1986 is Transportation 0 0 0 -2.3575 -3.3459 -2.1232 
Nearest Distance to Planning Center 
Boundaries -0.00003 0.000042 -0.00001 -0.00012 7.96E-06 -0.00022 

Nearest Distance to Surrounding Critical 
Environmental Sites -0.00001 -0.00001 0.00003 -0.00013 -0.00003 0.00009 

Nearest Distance to Identified Centers 0.00003 -0.00003 0.000211 0.000015 0.000021 -0.0004 
Within Flood Prone Area -1.6122 -0.0301 -0.5931 -0.6578 0.4189 0.4442 
With or Without Sewer System 0.8796 -1.4755 -1.498 -0.0583 -0.7201 10.0618 

 



 

Gloucester County: 
 

Variable Vac. -> 
Res. 

Vac. -> 
Comm. 

Vac. -> 
Indus. 

Redev. -> 
Res. 

Redev. -> 
Comm. 

Redev. -> 
Indus. 

Intercept  -9.6364 11.3717 -24.837 -8.14 25.4411 11.7046 
Population 1980 0.00317 0.00371 -0.00295 0.00339 0.000708 0.00261 
Population Growth Rate, 1980-1990 -0.00053 -0.00821 0.0397 0.00399 0.00757 0.0439 
Employment Density, 1980 -0.00091 -0.00071 0.00808 -0.00954 -0.00316 -0.00136 
Employment Growth Rate, 1980-1990 0.0487 -0.0021 -0.00149 -0.00202 -0.0101 -0.0295 
Households 1980 -0.00679 -0.00928 -0.00087 0.00218 0.00173 -0.00474 
Household Growth Rate, 1980-1990 0.0273 -0.1419 0.0153 0.0538 0.0284 0.049 
Job-to-Household Ratio, 1980 0.577 0.2458 -3.5581 5.0607 1.5588 1.1313 
School Ranking, 1999 -0.0051 -0.00308 -0.00493 0.0115 -0.02 -0.0169 
Distance to New York 0.000019 -0.00003 0.000061 -0.00003 -0.00003 -1.79E-07 
Distance to Philly 6.34E-06 0.000053 -0.00003 0.000023 0.000024 -9.88E-06 
Distance to Highway Exchange -0.00004 -0.00007 -0.00003 -4.44E-06 -7.35E-06 -2.38E-06 
Distance to Railroad 0.000021 0.000039 -0.00011 0.00004 0.000033 -0.00005 
% of Adjacent Grid Cells in Residential 
Use 0.0092 0.00544 -0.0123 -0.0047 -0.00988 -0.0527 

% of Adjacent Grid Cells in Commercial 
Use -0.0145 0.0371 0.0331 -0.0434 0.0328 -0.0298 

% of Adjacent Grid Cells in Industrial Use -0.0921 0.0303 0.0237 -0.0221 0.00139 -0.00405 
% of Adjacent Grid Cells in Transportation 
Use -0.0278 0.0388 -0.0236 -0.0232 0.0307 -0.00555 

Number of Hectares of Vacant Land in 
Neighborhood in 1986 0.217 0.1869 0.0801 -0.0991 0.1386 -0.0305 

Distance to Nearest Residential Grid in 
1986 -0.00066 0.000272 0.000218 -0.00226 -0.00034 0.000054 

Distance to Nearest Commercial Grid in 
1986 0.000042 -0.00101 -0.00003 0.000196 -0.00078 -0.00028 

Distance to Nearest Industrial Grid in 1986 0.000062 0.000091 -0.00076 0.000171 0.000123 -0.00075 
Initial Land Use in 1986 is Residential 0 0 0 -17.9579 -1.4795 0.3389 
Initial Land Use in 1986 is Commercial 0 0 0 -1.0823 -15.9913 -0.3712 
Initial Land Use in 1986 is Industrial 0 0 0 -0.7774 -0.1071 -16.209 
Initial Land Use in 1986 is Transportation 0 0 0 -1.3728 -2.0366 -1.9091 
Nearest Distance to Planning Center 
Boundaries 0.00001 -0.00008 0.000108 -0.00008 -0.00002 0.000032 

Nearest Distance to Surrounding Critical 
Environmental Sites 4.67E-07 -0.00005 0.000072 -0.00007 -0.00002 0.000023 

Nearest Distance to Identified Centers -0.00004 -0.00004 2.67E-06 -0.00005 0.000029 -0.00002 
Within Flood Prone Area -1.1395 -1.6192 -1.6571 -0.8281 -13.8118 0.5738 
With or Without Sewer System 1.1373 1.0333 2.0399 0.8817 0.5595 0.9007 
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Appendix 3-A: 
 

Study Area 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 



 



  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 3-B: 
 

Variable Maps 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 



  



   



  



  



  



 
 



 

 
 
 
 
 
 
 
 
 
 
 
 

Appendix 3-C: 
 

Probability Maps 
 
 
 
 
 
 
 
 
 
 
 
 



 
 



  



  



  



  



  



 

 
 
 
 
 
 
 
 
 
 
 

Appendix 3-D: 
 

Scenario Maps 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  



  



  



  


