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ABSTRACT 

 

Sustainability is the long-term goal of achieving a method of living on Earth that 

can be extended into perpetuity.  The method of reaching sustainability is called 

sustainable development.  Sustainable development can be defined as meeting this 

generation’s, and future generations’, social, environmental, and economic needs.  Many 

forces oppose sustainable development, but one of the most powerful is sprawl.  Sprawl 

is development that consumes land as if it was considerably abundant and as if there was 

little economic or societal cost in discarding or under-utilizing old land in search of new.  

One way to control sprawl is through sustainable infrastructure planning. 

This thesis develops a GIS planning tool to assist decision-makers account for 

sustainable development in their decisions.  The tool asks planners to rank nineteen 

environmental data layers based on their individual priorities.  It then multiplies each data 

layer by a weight corresponding to this ranking and adds the layers together.  The result 

is a composite map that shows the planners the most ideal places to target infrastructure 

development, based on their ranking.  The strength of the tool is its ability to quickly 

perform iterations of this process to allow planners to compare the results of different 

environmental priorities. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Overview of Sustainability and  Sustainable Development 

The sustainability movement has recently experienced both increased media 

attention and an enlarged following.  Sustainability, which differs from sustainable 

development, is “the long-term and difficult goal of reaching an ecologically sustainable 

state” (Dovers, 1993).  This overarching concept is founded on the moral imperative that 

humanity should live on Earth in a method that can be extended into perpetuity.  The 

method in which the state of sustainability can be obtained is called sustainable 

development. 

Perhaps the most widely recognized definition of sustainable development first 

appeared in the Bruntland Report, which said sustainable development is “to meet the 

needs of the present without compromising the ability of future generations to meet their 

own needs” (World Commission on Environment & Development, 1987). This definition 

is comprised of two parts, that planning should take into account both the equity of the 

current generation and the equity of the future definitions.  The controversy that has 

erupted over the reconciliation of these conflicting pieces has resulted in far-reaching 

debate (Dovers, 1993).  One issue in this debate is that even given the existing economic 

 1



structure, large numbers of people in third world countries do not have their basic needs 

met.  Furthermore, if society starts funneling resources towards future generations, citing 

sustainable development, even more people may go without shelter, food, and clothing 

(Dovers, 1993).  Another problem with this definition is that one can only speculate on 

the needs of future generations.  At best, speculation on this concept will be guesswork 

and at worst, the results will merely be a disguised version of what the current generation 

desires (Montaque, 1998). 

 Another widely used definition of sustainable development comes from Herman 

Daly, an economist.  Daly defines sustainable development as “development without 

growth – without growth in throughput beyond environmental regenerative and 

absorptive capacity” (Daly, 1996). Throughput is defined as the flow of materials and 

energy through the human economy; it is the sum of all humanity produces and discards 

(Montaque, 1998).  Environmental regenerative capacity is the amount of useful natural 

resources that the environment can produce.  Environmental absorptive capacity is the 

amount of waste the environment can process (Daly, 1996).  Since many people speculate 

humanity has exceeded these two capacities already, Daly concludes that sustainable 

development and growth are incompatible.  Critics of Daly argue about the limits of these 

environmental capacities.  However, problems such as global warming, depletion of the 

ozone layer, and the rapid global loss of biodiversity do little to boost the critic’s claims 

(Montaque, 1998). 

 A final working model of sustainable development, and the one that is used in this 

project, has been developed by combining the two aforementioned models and several 

others.  This model, which is pictured in Figure 1, states that in order to reach 
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sustainability, sustainable development must meet the economic, social, and 

environmental needs of the communities of the world (Duchin, 1998).  This model 

recognizes that the three dimensions and their interplay represent the future of sustainable 

development (Wright, 1996).  The connection between social and economic forces results 

in the fate of the current generation; those between social and environmental forces 

contain the needs of future generations; and the dynamics between economic and 

environmental result in how the world is valued.  Most importantly, technology will 

provide the means to link all three dimensions together.  It is only through a synthesis of 

these ideals, across the globe, that sustainability can become a reality. 

Figure 1:  Dimensions of Sustainable Development (Vanegas, 1997) 
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This sustainability concept lends itself well to the idea of a systems approach of 

study (Marrazzo, 1996).  A systems approach of study sets a system boundary around the 

study area and then examines how the system interacts with both itself and the outside 

environment (Graedel, 1995).  Systems approaches are applicable to this model because 

they focus on the interaction between the dimensions, rather than on each of them 

individually. 

 

1.2 Sprawl Growth 

One of the largest challenges to sustainable development is sprawl growth.  

Sprawl growth is development that consumes land as if it were considerably abundant 

and as if little economic or societal cost was incurred in discarding or under-utilizing old 

land in search of new (South Carolina State Budget and Control Board Advisory 

Commission on Intergovernmental Relations (SCSBCBACIR), 1997).  Sprawl 

development is often characterized by leapfrog or scattered development, commercial 

strip development, large expanses of low-density or single-use development, rapidly 

developing suburbs, and destitute inner cities (Ewing, 1997). 

One of the most negative impacts which sprawl growth has on sustainable 

development is that it prohibits planning.  If new developments are constantly being built 

on the edge of a city, it is difficult for city planners to create zoning and building 

standards.  Furthermore, infrastructure planning becomes very inefficient.  If the city has 

to run water and sewer lines out to the new developments, past all the discarded, under-

utilized land near the middle of the city, money and materials are wasted 

(SCSBCBACIR, 1997).  An older, but important report, by the Real Estate Research 
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Corporation, stated that the infrastructure savings that occur by switching from low-

density sprawl to high density planned communities are about 44%.  Of those savings, 

55% are attributable to reduced infrastructure expenditures (1974). 

As sprawl development increases, people become more dependent on automobiles 

to meet their transportation needs.  This characteristic, often labeled as accessibility, 

causes economic hardship in the form of increase in travel time and automobile fuel and 

repair costs (Ewing, 1997).  Not only does increased automobile use result in greater fuel 

inefficiencies than public transportation, but roads that have to be built to accommodate 

the increasing traffic demands.  One study indicates that the average percentage of urban 

space that roads consume is close to 30% (Organization for Economic Cooperation and 

Development (OECD), 1996).  Furthermore, the increased amount of impervious surfaces 

resulting from sprawl lead to greater storm water runoff, the leading cause in non-point 

water pollution in this country (Audirac, 1990). 

The results of the 1990 census indicate that sprawl growth is also increasing in the 

United States.  This trend towards sprawl may well be due to several sociological factors, 

including the ideal of owning a single family home, the need for ample space to raise a 

family, a strong desire for privacy, and a dislike of ethnic and racial diversity (Audirac, 

1990).  For example, more than half of the total population of the United States lives in 

39 major metropolitan areas, each of these having a population greater than 1,000,000 

people.  In these cities, the areas classifiable as suburbs increased in size by over 55% 

between 1970 and 1990, while those areas labeled as inner city only increased by 2% 

(OECD, 1996). 
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 Sprawl growth is also a major concern in South Carolina.  South Carolina’s 

population, in 1995, was 3.7 million.  The population has increased 33% since 1970 and 

is supposed to increase another 23% by 2015.  This growth rate places South Carolina as 

the tenth fastest growing state in the nation (SCSBCBACIR, 1997).  All of the new 

development in South Carolina is expected to occur in similar patterns as in other parts of 

the country, as sprawl growth.  By 2015, sprawl is predicted to cost South Carolina 2.7 

billion dollars, which could have been avoided through more compact development 

(SCSBCBACIR, 1997). 

 Furthermore, sprawl will strongly affect the counties in the Lowcounty Council of 

Governments (Lowcountry COG), the study area of this project.  The Lowcountry COG 

is made up of Beaufort, Colleton, Hampton, and Jasper counties.  This COG, which is 

one of ten COGs in the state, will be the third fastest growing COG during the 1995 to 

2015 time period.  In 1995, the Lowcountry COG’s population was 172,103 people.  By 

2015, this population is expected to grow to 274,100, an increase of 59%.  The sprawl 

costs become apparent in that the amount of money allocated to “new” infrastructure is 

60% of the COG’s total infrastructure budget (SCSBCBACIR, 1997). 

 

1.3 Infrastructure and Infrastructure Planning 

Infrastructure is defined as roads, bridges, mass transportation, airports, ports and 

waterways, water supply, waste treatment and disposal, energy supply, and 

communications (SCSBCBACIR, 1997).  There is a well-established link between 

infrastructure and growth; where infrastructure is placed, growth inevitably occurs 

(Duarte, 1993).  Mr. Campbell, of the South Carolina State Budget and Control Board, 
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once said “it could be reasonably stated that the State’s water and sewer systems are the 

lifelines of economic development in South Carolina” (1988). This is apparent in one 

study, which found a significant relationship (r = 0.70) between water and sewer lines 

and employment, new business location, and construction permits (Duarte, 1993).  

However, there is often a significant lag time, on the order of around six years, between 

infrastructure creation and the construction of new buildings (Chronowski, 1988).  

Furthermore, this relationship applies to the maintenance of existing infrastructure, as 

well as new infrastructure.  If the infrastructure which companies depend on degrades, 

then existing levels of productivity will soon follow (Ostrom, 1993). 

 Given this relationship, infrastructure planning becomes a primary method to 

limit sprawl and implement sustainable development into the regulatory process.  “The 

answer to growth accommodation lies neither in limiting development nor passively 

accepting its consequences:  it resides in managing public investment in infrastructure 

and natural resources wisely and in strategic economic development” (SCSBCBACIR, 

1997). Proper sustainable infrastructure management meets the requirements of the 

Bruntland definition of sustainable development because well planned infrastructure 

placement allows resources to be accessible and useful for the current generation, while 

preserving both land and resources for future generations (Marrazzo, 1996).  

Furthermore, sustainable infrastructure planning allows for necessary economic growth, 

while minimizing waste and throughput, which satisfies the needs of Daly’s sustainable 

model (Ostrom, 1993).  Planning, if properly implemented, will also assist individual 

political units, such as counties, to properly communicate their needs with each other, 

thus insuring efficient communication (SCSBCBACIR, 1997). 
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 The United States government has traditionally spent large amounts of money on 

infrastructure; currently, 7% of the budget.  Existing infrastructure investments represent 

a capital stock of about 1 trillion dollars, which is 10% of all United States capital stock 

(Marrazzo, 1996).  Despite the importance of infrastructure in supporting the economy, 

the government’s investment in infrastructure, as a percent of the gross domestic product 

(GDP) has dropped from 2.4% in 1975, to 0.3% in 1995 (SCSBCBACIR, 1997).  While 

this has reduced the amount of new infrastructure constructed, which is more sustainable, 

a drop so large has negatively impacted the maintenance of existing resources.  This 

problem is compounded by the increasing use of the infrastructure system.  For example, 

the American road network increased 0.6% in size between 1981 and 1989, while the 

number of vehicles using that resource increased by 25% (Duarte, 1993).  This has 

resulted in the United States Congressional Budget Office, in 1993, estimating that the 

800 billion dollars needed to be invested to maintain the infrastructure network until 2000 

(Stevens, 1993). 

 Many of the same problems occurring across the country are also occurring in 

South Carolina.  Current predictions of the infrastructure needs in South Carolina 

between 1995 and 2015 will cost 57 billion dollars, of which $33 billion goes to new 

growth, $14 billion is for maintenance, and $10 billion is for backlogged projects 

(SCSBCBACIR, 1997).  Also similar to the national trend, the demand on South 

Carolina’s infrastructure resources will be increasing as the population grows.  This 

additional demand will place even larger strains on the already taxed state maintenance 

system.  For example, South Carolina has the fifth largest highway network in the 

country, yet it has the least number of Department of Transportation employees (Mackey, 
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1999).  Some of this may be attributable to efficiency, but with a dichotomy of this size, 

some services have to be lacking.  Furthermore, 75% of the use of all the vehicular miles 

on South Carolina’s roads occurs on 25% of those roadways (Mackey, 1999).  This 

concentration of road use only enhances the degenerative effects of depreciation and 

further drains the resources of the Department of Transportation. 

 South Carolina also has a very poor history with effective and comprehensive 

planning, including infrastructure planning (Mackey, 1999).  Prior to 1960, infrastructure 

planning in South Carolina was optional.  Several of the larger areas, Charleston, 

Columbia, and Greenville included, had completed basic plans, but on a voluntary basis.  

The state government had also responded to several health hazards with basic planning, 

but it was sparse and inconsistent (Duarte, 1993).  After 1960, the federal government 

began to require water and sewer planing under several laws, specifically the National 

Environmental Policy Act (NEPA), the Coastal Zone Management Act (CZMA), the 

Clean Air Act (CAA), and the Clean Water Act (CWA).  In South Carolina, the 

Department of Health and Environmental Control (DHEC) was responsible for enforcing 

these regulations, except for water and sewer management areas (Duarte, 1993).  Most 

recently, the South Carolina General Assembly enacted the “Comprehensive 

Infrastructure Development Act,” which requires comprehensive planning for both 

infrastructure development and funding (S.C. Code Ann. §11-42-20 (1997)). 

 Finally, the Lowcountry COG also faces significant infrastructure development 

and maintenance costs.  The Lowcountry expects to pay 3.7 billion dollars, between 1995 

and 2015, to maintain and develop its infrastructure base.  Of these costs, 2.2 billion will 

go to new projects, 940 million will go to maintenance, and 546 million will go to 
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backlogged projects (SCSBCBACIR, 1997).  The Lowcountry COG will also face the 

same maintenance problems mentioned above, only exasperated because of its status as 

the third fastest growing COG in the state. 

 Infrastructure planning in the Lowcountry COG is being directed by the 

Comprehensive Infrastructure Development Act, which was mentioned above.  This act, 

which created a Division of Regional Development, within the State Budget and Control 

Board, requires the COGs to create and implement the comprehensive infrastructure 

development plans.  These plans, among other things, must examine data relating to 

“current population and projected growth, tax base, local budget information, geographic 

factors, other demographics, and other data considered necessary must be utilized by the 

Regional Councils of  Governments” (S.C. Code Ann. §11-42-20 (1997)).  In short, these 

plans provide a perfect opportunity to integrate the goals of sustainable development into 

the regulatory bodies of South Carolina. 

 

1.4 Purpose of Project 

The purpose of this project is to develop a method of injecting sustainable 

development into the infrastructure planning process of the Lowcountry COG.  

Specifically, this project will focus on the environmental dimension of the final 

sustainability model presented above.  In order to do this properly, the project needed to 

develop a method that would change the planning process.  If the project attempted to 

suggest “recommendations” on how to specifically place development, or how to fund 

specific infrastructure projects, then the planning process would remain unchanged.  
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Furthermore, if this tact was taken, some members of the Lowcountry COG’s planning 

board might disagree with the non-resident author. 

 Consequently, the goal of this thesis is to develop a planning tool, in the form of a 

simulation, which allows planners to observe how their environmental priorities will 

effect where the “ideal” infrastructure development should occur.  This process allows 

for several positive situations.  First, it creates an atmosphere where the planners, the real 

experts, are the ones ranking environmental criteria.  This helps to minimize the hostility 

many of them feel toward “academics” and creates an atmosphere where the social 

dimension of the sustainable development model can enter into the planning process 

(Ellman, 1998).  Second, it helps the planners take ownership of their decisions and will 

encourage them to make these decisions on science and economics, rather than politics.  

Finally, the simulation aspect of this aspect will allow the planners to observe the effects 

of different design criteria on the system.  Comparing several iterations of the process 

will hopefully facilitate healthy discussions on planning priorities and criteria. 

 A product that meets these goals will have several requirements.  First, the system 

must be designed in a manner that allows for ease of understanding.  The majority of the 

planners in the Lowcountry COG are not scientists, they are politicians, businessmen, and 

ordinary citizens.  Therefore, the information that is displayed in the simulation system 

must contain information that is easily understood by them (Fotheringham, 1993).  For 

example, one would present a layer of water quality, rather than many layers of 

individually measured contaminants.  Second, the system should involve visibly 

displayed trends, rather than data in charts.  Research has shown that visual displays of 

information are more easily understood and by larger numbers of people than other types 
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of data communication (Nijkamp, 1993).  Third, the system must contain fairly small 

amounts of data, in order for it to quickly process the simulations.  If the system becomes 

bogged down with large data layers, it loses the ability to quickly generate and compare 

simulations (VanVoris, 1993).  Finally, the system must be computerized and have an 

intuitive user-interface.  This requirement would suggest the use of a Geographic 

Information System (GIS). 

 

1.5 Geographic Information Systems (GIS) Definition and Background 

 GIS has been defined in many different ways by various authors since its 

conception in the 1970s.  One of the most popular definitions of GIS was submitted by 

Clarke, who said GIS is "an automated system for the capture, storage, retrieval, analysis, 

and display of spatial data” (1997). Another definition reads "A GIS consists of computer 

software, hardware, and peripherals that transform geographically referenced spatial data 

into information on the locations, spatial interactions, and geographic relationships of the 

fixed and dynamic entities that occupy space in the natural and built environments” 

(Wellar, 1993). The most important aspect of this definition is that it shows the linkage 

between spatial relationships and tabular data. 

 However, these definitions fail to distinguish GIS from several other similar 

computer software packages, such as Computer Aided Design (CAD), Computer Aided 

Mapping (CAM), and Database Management Systems (DBMS).  CAD programs, which 

are often used by engineers seeking to prepare technical drawings, meet the first 

definition because they are automated systems that can perform all the functions listed by 

Clarke.  However, GIS programs are different than CAD ones because GIS links tabular 
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data with spatial location to perform analysis (Cowen, 1988).  The second definition 

seems to be a combination of CAM, which act to help users to make maps, and DBMS, 

that seek to manage and manipulate large amount of tabular data.  However, the hallmark 

of GIS is its ability to generate new information from the combination and manipulation 

of existing data.  Therefore, a true definition is "that a GIS is best defined as a decision 

support system involving the integration of spatially referenced data in a problem solving 

environment” (Cowen, 1988). The key words of this definition are integration with a 

problem solving environment, because the integration with a constantly changing 

environment allows GIS to synthesize disparate sources of spatial information and 

condense it into a form that helps decision makers reach conclusions (Nijkamp, 1993). 

 GIS is often used to combine several data layers, such as a population layer and a 

hazardous material distribution layer.  The population data would be in a grid format, so 

that every cell on the map would have a value for the number of people living in that cell.  

The GIS would next overlay the hazardous material buffer layer and count up the number 

of people living within the effected area.  This analysis is much more accurate than 

multiplying the area of the buffer by the average number of people living per square unit 

area, because it includes population distribution (Lao, 1995).  There are several 

disadvantages to GIS analysis, but this concerns mostly the quality and availability of 

spatial data.  If these factors are weighed when analyzing a study, GIS analysis remains a 

very useful tool. 

The GIS that this project will develop, which is based in ArcView, the GIS 

software developed by the ESRI Corporation, will extensively use the map overlay 

concept outlined above (Pereira, 1993).  The program, which will be detailed in a later 
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chapter, will allow planners to rank the available environmental criteria based on their 

priorities.  It will then multiply the grid layers by a weight, derived from the user’s 

ranking, and add all the layers together.  This results in a composite grid of both the 

planner’s priorities and the environmental criteria under them.  The program also allows 

for the quick generation of different rankings so that the outputs can be compared with 

each other. 

 

1.6 Summary 

Sustainability is the long-term goal of achieving a method of living on Earth that 

can be extended into perpetuity (Dovers, 1993).  The method of reaching sustainability is 

called sustainable development.  Sustainable development, which has many different 

meanings, can be thought of meeting this generation’s, and future generations’, social, 

environmental, and economic needs (Duchin, 1998).  There are many antagonists to 

sustainable development, but one of the most powerful is sprawl growth.  Sprawl is 

development that consumes land as if it was considerably abundant and as if there was 

little economic or societal cost in discarding or under-utilizing old land in search of new.  

One of the best ways to control sprawl is through sustainable infrastructure planning 

(SCSBCBACIR, 1997).  The goal of this project is to inject the “environmental aspect” 

of sustainable development into the infrastructure planning process of the Lowcountry 

COG, through the use of an automated, GIS based, planning tool. 
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CHAPTER 2 

 

METHODOLOGY 

 

2.1 Multiple-Criteria Decision-Making (MCDM) and the Additive Overlay Process 

 It is becoming increasingly difficult to evaluate the world, and the decisions made 

in it, by one criterion.  For example, by purchasing an apple solely on the basis of its size, 

only one criterion is being used for evaluation.  However, when one actually purchases an 

apple, many other criteria are used to make that decision.  Other criteria often considered 

include shape, color, shine, firmness, and price.  These criteria must be ranked in the 

order of importance and weighted against each other to determine which apple is 

appropriate for purchase.  The ranking and weighting of these criteria is highly 

subjective, so the diversity of decisions found in the supermarket is hardly surprising. 

The above simplistic decision-making situation is the heart of the concept of 

multiple-criteria decision-making (MCDM).  MCDM is defined as decision-making 

performed by evaluating multiple, diverse, and conflicting criteria.  Criteria are the 

measures, rules, and standards that guide decision-making.  Criteria consist of attributes, 

which are descriptions of objective reality; objectives, which are decisions on what 

attributes to maximize or minimize; and goals, which are target levels of achievement 

based on both attributes and objectives (Zeleny, 1982). 
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The study of MCDM examines how people make decisions in the face “a number 

of choice possibilities in the light of multiple criteria and conflicting objectives” (Carver, 

1991). MCDM techniques assist decision-makers in analyzing these criteria and making 

quality decisions.  MCDM tools generate compromise alternatives and rank them 

according to their attractiveness.  This trait is the true strength of the MCDM techniques, 

for the majority of decisions made today involve conflicting criteria (Zeleny, 1982). 

 MCDM techniques were chosen for this thesis because of their direct applicability 

to government planning processes (Carver, 1991).  These tools assist people, who often 

have drastically different objectives and priorities, to come to a consensus.  MCDM 

techniques are also ideal for environmental analysis, which often involves substantially 

conflicting criteria and problematic uncertainty.  Finally, MCDM techniques lend 

themselves well to iterative scenarios, where the users can alter design constraints and 

view the systematic results.  In fact, the most important component of MCDM is its 

iterative interactions with the decision-maker (Pereira, 1993).  This type of analysis helps 

flush out new ideas and encourages debate, so planners can make informed decisions. 

 MCDM concepts are readily applicable to a GIS environment.  GIS techniques 

such as map overlay, where users can combine different data layers to create a composite 

map, have long assisted decision-makers making informed decisions.  In fact, one of the 

primary definitions of GIS is “as a decision support system involving the integration of 

spatially referenced data in a problem solving environment” (Cowen, 1988). However, 

the strength of MCDM techniques is in their ability to offer a range of alternatives.  This 

too can be applied in a GIS though the additive overlay process. 
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 The additive overlay process is similar to the map overlay process in that it 

combines data layers.  However, it is different in that it only uses raster, or grid-based, 

themes.  A raster theme stores values in a grid format, such that every location in the 

extent of the grid has a value.  While this distorts reality more than just using lines and 

polygons, depending on the cell size, it allows the entire area to be evaluated.  In the 

additive overlay process, each grid cell is considered an alternative in the analysis.  Also, 

each thematic grid layer represents a criterion in the evaluation (Pereira, 1993). 

0.83 1
0.3 0.37

0.75 1
0.2 0.5

* 0.67 (Weight)

Grid 1

1 1
0.5 0.1

* 0.33 (Weight)

Grid 2

+

=
Composite Grid

Figure 2:  Graphical Example of Additive Overlay

 

The additive overlay process has three steps (Figure 2).  First, each layer is 

normalized from 1 to 0, with 1 representing the most ideal location and 0 representing the 

least ideal location.  This is done so that the layers may be compared to each other on 

relative scales (Evans, 1990).  The GIS performs this, and any subsequent grid alteration, 
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through the use of map algebra.  Map algebra states that any grid composed of numbers 

can be manipulated with algebraic functions by applying the function to each grid cell 

individually (Berry, 1986).  The second step in additive overlay is that each data layer is 

multiplied by a coefficient of importance.  This allows the decision-maker to weight each 

layer based on his personal preferences.  Finally, the data layers are added together by 

summing each cell with its corresponding cell in each data layer (Evans, 1990).  The 

resulting composite map represents a range of alternatives, with the scores also being 

normalized from one to zero (Carver, 1991).  The output is normalized to keep the 

process consistent with the individual data layers and so that the results can be viewed as 

a percent of the ideal (Pereira, 1993). 

 

2.2 Specific Mathematics of Compromise Programming (CP) 

 Compromise Programming (CP) is a specific MCDM technique.  A full analysis 

of the various existing MCDM techniques is beyond the scope of this study, but in 

essence, CP is a method that identifies alternatives which are closest to an ideal value as 

determined by some measure of distance from that ideal (Goicoechea, 1982).  The 

following set of equations is taken from Zeleny (1982), as modified in Pereira (1993).  

In a CP problem, the initial range of alternatives, or the available cells in the GIS 

database, are represented as: 

 

(1) x = {x1, x2, …, xK} 
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and each alternative is defined by n attributes, based on the map layers in the database.  

For example, the kth alternative could be represented as: 

 

(2)   xk = (x1
k, x2

k, …, xn
k)  where     k = 1, …, K  

 

 The variable xi
k designates the value of attribute, or data layer, I, which is attained 

by alternative k, where i = 1, …, I and k = 1, …, K.  Thus, xk is a vector of K numbers, 

assigned to each alternative and containing all available information about that 

alternative.  Now, considering the ith criterion, the set X produces a vector with K 

numbers: 

 

(3)    xi = (xi
1, …, xi

K) 

 

This vector represents all the current values for the ith attribute, or map layer.  For 

example, this vector would contain all the average annual temperature for the cells in the 

database.  From among all these values, there is at least one ideal value, which is 

perferred above the others.  For example, if one wished to live in the warmest possible 

climate, this would be the warmest temperature found in the data set.  This ideal value 

concept is now applied to all the attributes: 

 

(4)   x* = (xi
*, …, xI

*) 
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The vector x* contains the ideal point, which is often set at an unattainable value, 

for every attribute in the GIS database.  The concept behind CP, as explained above, is 

that every alternative be measured as a distance from the ideal point.  This last equation 

displays the total distance d of all attributes for the alternative k: 

 

(5)   dk = �i=1 Bi(xi
* - xi

k) 

 

where Bi (Bi > 0, �Bi=1) are weights assigned to the criteria based on their importance to 

the user.  Here, d is the total score for alternative k, where the closer d is to 1, the more 

ideal the alternative is.  Once this is performed for all the alternatives, the following 

equation results: 

 

(6)   D = {d1, …, dk} 

 

This vector, which lists the scores for each alternative in the GIS database, could easily 

be interpreted as a grid, or a composite map. 

 

2.3 CP Steps Taken for a Specific Grid (Example) 

 As an example, here are the CP steps taken for a specific grid, the “Distance to 

Railroads” Theme, which is used in this thesis.  The underlying information and analysis 

of this data layer, and all others, can be found in the next chapter.  However, this example 

should help illustrate of how the CP principles, outlined above, were put into practice. 
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 First the railroad data was gathered from the source, the University of South 

Carolina Liberal Arts Computing Lab GIS Data Server (www.cla.sc.edu/gis/ 

dataindex.html, 1993).  This particular data layer was a vector line source that contained 

the major railroad spurs in South Carolina.  This information was limited to the data 

located in the Lowcountry COG by use of the select by theme function.  Then, because 

this function was being used to examine sprawl concerns, a grid layer was prepared as a 

distance function, with a resolution cell size of 250 meters.  This resolution was used for 

every grid data layer, so its empty matrix was the equivalent of Equation 1. The distance 

was calculated by having ArcView measure the distance from each grid cell to the nearest 

railroad line and storing that value in the cell.  This grid set is equivalent to the vector 

found in Equation 3.  If one picked a particular cell and examined the values found in that 

cell, in every grid data layer, the resulting data set would be Equation 2. 

 Second, the values found in the Distance to Railroads grid, which ranged from 

zero to 54,500 meters, had to be converted to a range of one to zero.   Seeing how sprawl 

is being considered here, the ideal value is zero meters.  This can be assigned a value of 

one, as it requires the smallest amount of resources to build a connecting railroad spur.  

Once these ideal values have been calculated for each data layer, that vector is Equation 

4.  Conversely, the value of 54,500 meters would be the least ideal and would be assigned 

a value of zero.  Now, a function is created to transform all the values found in the 

Distance to Railroads grid to represent their distance from the ideal point, as found in the 

expression xi
*

 -xi
k in Equation 5.  The function used in this case was a straight-line 

function, y = -0.000015x + 1.  However, some functions do not lend themselves well to 

such simple functions and require bilinear, exponential, or logrhythmic ones (von 
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Winterfeldt, 1986).  The functions used for each data layer, and the reasons why they 

were selected, are listed in Chapter 3.  Next, this function was applied to the whole grid 

through ArcView’s Map Calculator as a map algebra function. 

 Finally, once this process has been applied to all the other data layers, the user can 

go through the ranking process.  In this activity, which is the heart of the whole thesis, the 

user ranks the data layers in order of importance to him.  The computer program then 

calculates the weights found in Equation 5.  It does this by calculating the weights in such 

a way that they are equidistant from each other and add up to one. For example, if there 

are four criteria selected, the program would assign the weights 0.4, 0.3, 0.2, and 0.1 to 

the user’s ranked criteria.  Allowing the weights to be equidistant from each other is an 

assumption on the author’s part.  Although the weights are arbitrary, this is done because 

they allow for well-separated, rank ordered choices and the greatest deal of simplicity.  

While allowing planners to choose the weights themselves results in greater flexibility, it 

also leads to greater debate over technicalities, which are not the focus of the exercise. 

The program follows Equation 5 and multiplies each grid layer by its weight and then 

sums each cell into a composite output grid, which is the equivalent of Equation 6. 

 22



 
 
 

 
 

 
CHAPTER 3 

 

DATA LAYER ANALYSIS 

 

3.1 Overview 

 This chapter analyses the different data layers used in this model.  Each data layer 

is described completely and an explanation of why each was selected is provided (Table 1 

and Table 2).  Next, the discussion covers which grid and conversion functions were used 

and why each was chosen.  Finally, a brief analysis ensues regarding the spatial 

distribution of the data layer over the Lowcountry COG (Figure 3).  Additionally, a 

diagram displaying the spatial distribution of each data layer is provided.   

 

3.2 Sprawl Data Layers 

 The reason for incorporating the data layers listed under this subsection is to 

account for sprawl growth.  The method to minimize sprawl growth, as mentioned in 

Chapter 1, is to put new growth next to existing development.  Hence, the metric used for 

these data layers is one of distance.  Therefore, the data layer grids presented here 

maintained each cell’s value as its distance in meters from the closest piece of existing 

infrastructure. 

 The conversion function used for these data layers was a straight- line one.  The 

only interpretation for these sprawl functions, unless notated otherwise, is that the cost to 
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Table 1:  Data Layer Summary Table 
 

 Name  Source Year
Created 

 Scale Environmental
Issue 

Actual Range Conversion 
Function 

Converted 
Range 

Density of Industrial Air 
Releases 

DHEC 1998 1:24,000 Air Pollution 0 – 0.323 points 
per km2 

y = -3.096x + 1 0.001 - 1 

Density of Industrial Water 
Discharges 

DHEC 1998 1:24,000 Water Pollution 0 – 0.491 points 
per km2 

y = -2x + 1 0.018 - 1 

Density of Underground Storage 
Contamination Sites 

DHEC 1996 1:24,000 Water Pollution 0 – 1.2 points per 
km2 

y = -0.8333x + 1 0.005 – 1 

Distance to Airports Commerce 1992 1:100,000 Sprawl Growth 0 – 64,000 meters y = -0.00001x + 1 0.364 – 1 
Distance to Endangered Species  
Sites 

DHEC   1998 1:24,000 Endangered
Species Protection 

0 – 41,500 meters y = 0.000099x 
y = 0.0000136x + 
0.4346 

0 – 0.997 

Distance to Existing Industry Commerce 1998 1:100,000 Sprawl Growth 0 – 45,000 meters y = -0.00002x + 1 0.098 – 1 
Distance to Major Power Lines USGS DLG 1989 1:100,000 Sprawl Growth 0 – 53,000 meters y = -0.000015x + 1 0.202 – 1 
Distance to Public Water Wells DHEC 1998 1:24,000 Sprawl Growth 0 – 45,000 meters y = -0.00002x + 1 0.102 – 1 
Distance to Railroads Commerce 1991 1:100,000 Sprawl Growth 0 – 54,500 meters y = -0.000015x + 1 0.184 – 1 
Distance to Roads USGS DLG 1997 1:100,000 Sprawl Growth 0 – 73,500 meters y = -0.0006x + 1,  

y = -0.000001x + 
0.1021 

0.029 – 1 

Distance to Superfund Sites DHEC 1996 1:24,000 Water Pollution 0 – 53,000 meters y = 0.000019x + 1 0 – 0.999 
Distance to Utility Generating 
Facilities 

Commerce 1998 1:100,000 Sprawl Growth 0 – 67,000 meters y = -0.00001x + 1 0.334 – 1 

Distance to Water and Sewer 
Lines 

Commerce 1997 1:100,000 Sprawl Growth 0 – 86,000 meters y = -0.00001x + 1 0.147 – 1 

Distance to Water and Sewer 
Treatment 

Commerce 1997 1:100,000 Sprawl Growth 11,700 – 114,000 
meters 

y = -0.0000098x + 
1.1144 

0.002 – 
0.999 

Location of Forestland USC GIS Server 1996 30 meter Forest 
Conservation 

2 Classes (0, 1) No Function 0, 1 

Location of  Hydrological 
Features 

USGS DLG 1992 1:100,000 Water Pollution 2 Classes (0,1) No Function 0,1 

Location of Real or Potential 
Farmland 

USC GIS Server 1996 30 meter Land Use 
Protection 

2 Classes (0, 1) No Function 0, 1 

Location of Wetlands USC GIS Server 1996 30 meter Water Pollution 2 Classes (0, 1) No Function 0, 1 
Relation to Industrial Siting Commerce 1998 1:100,000 Sprawl Growth 2 Classes (0, 1) No Function 0, 1 
 



Table 2:  Data Regarding Individual Data Layer Origins 
 

Name      Data Name Source Project-
ion 

SC 
Points 

COG 
Points 

Scale GPS
Ver-
ified 

Update 
Rate (yrs) 

Year 
Created 

Density of Industrial Air 
Releases 

Air Regulated Facilities (ARF)1 DHEC        UTM 17 832 32 1:24,000 Yes Every 2 1998

Density of Industrial Water 
Discharges 

NPDES Permit Database1 DHEC        UTM 17 2,644 165 1:24,000 Yes Annually 1998

Density of Underground Storage 
Contamination Sites 

Known Groundwater Contamination 
Sites1 

DHEC UTM 17 1,490 183 1:24,000 Yes Every 5 1996 

Distance to Airports Single Precision Airports Coverage2 Commerce        UTM 17 NA 15 1:100,000 No NA 1992
Distance to Endangered Species  
Sites 

Locations of Endangered Species1 DHEC UTM 17       6,192 606 1:24,000 No Annually 1998

Distance to Existing Industry Industrial Directory3 Commerce        UTM 17 3,317 107 1:100,000 No Annually 1998
Distance to Major Power Lines Single Precision Power Lines 

Coverage2 
USGS 
DLG 

UTM 17 NA NA 1:100,000 No NA 1989 

Distance to Public Water Wells Public Water Supply Wells1 DHEC UTM 17 2,500 394 1:24,000 Yes Every 2 1998 
Distance to Railroads Single Precision Railroad Coverage2 Commerce      UTM 17 NA NA 1:100,000 No NA 1991
Distance to Roads Single Precision Road Coverage2 USGS 

DLG 
UTM 17 NA NA 1:100,000 No NA 1997 

Distance to Superfund Sites CERCLA Database1 DHEC        UTM 17 522 26 1:24,000 Yes Every 4 1996
Distance to Utility Generating 
Facilities 

Utility Facility Locations3 Commerce       UTM 17 248 10 1:100,000 No NA 1998

Distance to Water and Sewer 
Lines 

Single Precision Water and Sewer 
Lines2 

Commerce        UTM 17 NA NA 1:100,000 NA NA 1997

Distance to Water and Sewer 
Treatment 

Single Precision Water and Sewer 
Treatment2 

Commerce        UTM 17 NA NA 1:100,000 No NA 1997

Location of Forestland 1996 Thematic Mapper Land Cover2 USC GIS 
Server 

UTM 17 NA NA 30 meter NA NA 1996 

Location of  Hydrological 
Features 

Single Precision Polygon 
Hydrography2 

USGS 
DLG 

UTM 17 NA NA 1:100,000 No NA 1992 

Location of Real or Potential 
Farmland 

1996 Thematic Mapper Land Cover2 USC GIS 
Server 

UTM 17 NA NA 30 meter NA NA 1996 

Location of Wetlands 1996 Thematic Mapper Land Cover2 USC GIS 
Server 

UTM 17 NA NA 30 meter NA NA 1996 

Relation to Industrial Siting Available Industrial Sites3 Commerce        UTM 17 1,375 55 1:100,000 NA NA 1998
1 (SIGIS Development Group, 1998)   2 See specific web sites listed in Bibliography   3 (Roche, 1999) 



society of new development steadily increases as the distance between the growth and old 

development increases.  Consequently, the maximum distance in each data layer was 

assigned a value of zero and the minimum distance, usually zero meters, was assigned a 

value of one.  For reference to the specific function used in each case, please see Table 1. 

 

3.2.1 Distance to Airports 

 The Distance to Airports Data Layer was created from the single precision 

airports coverage, found on the University of South Carolina’s (USC) GIS Data Server.  

The USC GIS Data Server is located in the Liberal Arts Computing Lab.  This 

information was originally combined from the United States Geological Survey’s 

(USGS) Digital Line Graphs (DLG) and the United States Census Department’s 

Topologically Integrated Geographic Encoding and Reference (TIGER) System.  The 

data layer itself is a line file of the airport runways found in South Carolina (“Description 

of Single Precision Coverage Airports,” 1999). 

 The distribution of airports across South Carolina is strongly linked to its 

population centers (Figure 4).  This is true of the airports found in Hampton, Colleton, 

and Jasper Counties.  However, Beaufort’s largest airports are all run by various branches 

of the military (South Carolina Wildlife and Marine Resources Department, 1988).  There 

are several smaller private airports in Beaufort, but the difference between civilian and 

military control should be taken into account with respect to any decisions made 

regarding airports. 
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3.2.2 Distance to Existing Industry 

 It should be noted here that the Distance to Existing Industry Data Layer was 

placed in the model to account for sprawl growth only.  The ideal situation then is to 

reduce the distance between new development and industry.  However, this may conflict 

with the air quality and water quality concerns that these facilities create.  This apparent 

inconsistency is acceptable because one of the purposes of this model is to allow planners 

to rank the importance of conflicting criteria. 

 Existing industry in South Carolina is grouped around population centers, as one 

might expect (Figure 5).  The reasoning here is obvious, companies locate their facilities 

where they can obtain a work force.  Furthermore, local political representatives actively 

encourage industries to come to their towns.  Hampton County has 29 facilities clustered 

around its major population centers of Estill, Hampton/Varnville, and Yemassee.  

Colleton County has 26 locations, but almost all are located in or near Walterboro.  

Jasper County only has 13 industries, which is not surprising considering its economic 

status, that surround Ridgeland and Hardeeville.  Finally, Beaufort County has the most 

facilities, with 49 located in Beaufort, Blufton, and Hilton Head. 

 

3.2.3 Distance to Major Power Lines 

 The major power lines in the Lowcountry COG run primarily north to south, and 

closely relate to existing development (Figure 6).  They enter the COG area on the 

northern Colleton boarder and are fairly well distributed across that county.  Hampton 

County, on the other hand, has very little coverage.  The major lines entering it only run 

through Yemassee and up to Varnville.   Jasper County has lines running down the 
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developed eastern side of it.  That is because marsh and wetlands cover most of the 

western side of Jasper County (South Carolina Wildlife and Marine Resources 

Department, 1988).  Finally, Beaufort County has lines running into its Beaufort and 

through Blufton into Hilton Head. 

 

3.2.4 Distance to Public Water Wells 

 One decision regarding the use of the distance function for the Public Water Well 

Data deserves discussion here.  The Distance to Public Water Wells Data Layer was not 

weighted for well station pumping rates.  This information was not incorporated both 

because it was not available and because surrounding groundwater data was unavailable.  

Therefore, prediction of the effect of new wells on existing well performance would be 

difficult.  Consequently, a simple distance function, regardless of well size or 

performance, was used. 

 The distribution of public supply water wells varies greatly by county in the 

Lowcountry COG (Figure 7).  Hampton County has a fairly dispersed distribution, except 

for the Far Western reach, which is mostly undeveloped anyway.  Colleton County also 

has a fairly disperse distribution, with a concentrated section near Walterboro.  Jasper 

County is distributed in a similar fashion, with well-spaced points except in the western 

wetlands and Ridgeland and Hardeeville (South Carolina Wildlife and Marine Resources 

Department, 1988).  Beaufort County, however, is different all together.  The county has 

sparse well placement west of Hilton Head, but Hilton Head itself is densely packed, with 

55 wells on the island.  This might explain why Hilton Head is facing problems with 

inadequate water supplies and salt water intrusions (Cherry, 1998).  The rest of Beaufort 
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County has well distributions of moderate density, with an increase in density in Beaufort 

proper. 

 

3.2.5 Distance to Railroads 

 The main railroad line enters the Lowcountry COG region on the northern boarder 

of Hampton County and runs southeast from there (Figure 8).  Several smaller spurs split 

off from this main line and run in a northeast southwest direction.  These spurs provide 

access to northern and southern Colleton County, eastern Jasper County, and the city of 

Beaufort.  Hampton County has both the main line and another spur running through it, 

so it receives well-distributed coverage.  Southern Beaufort County and Hilton Head 

receive no service at all.  This distribution suggests that railroad coverage is provided to 

the more industrial centers of the Lowcountry COG and not to the vacation oriented 

locations, such as Hilton Head. 

 

3.2.6 Distance to Roads 

 Unlike the other sprawl data layers mentioned so far, the conversion function used 

for the Distance to Roads Data Layer was a bi-linear one.  For the first part of the 

function, data points ranging from 0 to 1,500 meters were assigned the function y = -

0.0006x + 1, with one being assigned to zero meters and 0.1 being given a distance of 

1,500 meters.  The second part of the function was y = -0.000001x + 1, which had 0.1 

relating to 1,500 meters and zero being assigned to a distance of 73,500 meters.  The bi-

linear function was selected because 90% of the distances occurring in the study area 

were from the range of 0 through 1,500 meters.  Therefore, in order for this data layer to 
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have any impact on the outcome of the model, this 90% should occupy 90% of the utility 

value range.  If this data layer used a simple linear function, then the differences between 

the values found in study area would be very small.  Consequently, selecting the data 

layer would have not impact on the results at all.  For these reasons, the bi-linear function 

was used. 

 Additionally, the Distance to Roads Data Layer did not account for road size.  

This is because the database available to the model did not list such roads separately and 

because roads can be improved if development is placed near them.  A possible 

improvement of this model would be to use a function that would weight this data layer 

by current road size. 

 The South Carolina road system is well distributed over the Lowcountry COG 

(Figure 9).  This may be due to the fact that South Carolina has the fifth largest road 

system in the United States (Mackey, 1998).  The only places that the road system is not 

densely distributed are over the major rivers and parts of southern Colleton County and 

western Jasper County.  The reason for this lack of road service is the presence of large 

amounts of wetlands in those areas (South Carolina Wildlife and Marine Resources 

Department, 1988).  There are several places with more dense distributions of roads in 

the COG, which are the cities of Walterboro, Hampton/Varnville, Estill, Yemassee, 

Ridgeland, Beaufort, Blufton, and Hilton Head.  Not surprisingly, these also have the 

largest population centers of the Lowcountry COG. 
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3.2.7 Distance to Utility Generating Facilities 

 The locations of the utilities in the Lowcounty COG are also strongly associated 

with existing population centers (Figure 10).  There are three facilities located in 

Hampton County, one in each of Estill, Hampton, and Varnville.  Colleton County only 

has one utility, which is located in Walterboro.  Jasper County has four locations, three in 

Ridgeland and one in Hardeeville.  Finally, Beaufort County has two facilities, one in 

Beaufort and one in Sheldon. 

 

3.2.8 Distance to Water and Sewer Lines 

 The Distance to Water and Sewer Lines Data Layer is a combination of two 

datasets, water lines and sewer lines.  The two datasets were connected because most new 

development requires both water and sewer lines for completion.  Therefore, it is more 

appropriate to combine the two datalayers than analyze them separately.  The method 

used to combine the two was to create two distance grids, one for each dataset, and then 

add them together through map algebra.  For more information on this process, please see 

Chapter 2.  The resulting grid represents the distance from any given point to both 

existing sewer and water lines. 

 As one would assume, the current locations of all the water and sewer lines are 

located in existing development (Figure 11).  This leaves the areas in northwestern 

Colleton County, southern Colleton County, and northwestern Jasper County without 

existing water and sewer service.  Consequently, a high ranking of this data layer, as with 

all sprawl layers, will lead to an emphasis of enlarging existing development. 
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3.2.9 Distance to Water and Sewer Treatment 

 The Distance to Water and Sewer Treatment was created in a similar vein to the 

Distance to Water and Sewer Lines, in that both combined two data sets.  The water 

treatment plants data layer and the municipal sewage treatment plant one were added 

together through map algebra.  The resulting grid had distance values between 11,700 

and 114,000 meters.  The reason that the lowest value here was not zero is that none of 

the points from either data layer overlapped.  This occurs for public safety reasons, as no 

city planner would put a sewage treatment plant directly upstream from a municipal 

water source.  Therefore, the smallest distance between the two sets was 11,700 meters.  

The reason this data layer places that most ideal value with the least distance is for as 

sprawl concerns.  This interpretation should not encourage the placement of these 

facilities together, but rather to optimize new development location where it requires the 

least new infrastructure investment. 

 The distribution of the water treatment facilities is difficult to assess because there 

are only three in the Lowcountry COG.  One is located in the northern part of Colleton 

County, another is located in the eastern part of Hampton County, and another is on the 

Beaufort and Jasper County boarder.  As one would assume, the sewage treatment plants 

are located in the population centers.  However, Colleton County only has one, while 

Jasper has three, and Hampton and Beaufort each have five.  The location of these 

facilities definitely hinges on population size, but may also be related to the size of each 

county’s economy.  Once the two layers are combined, the three best areas to develop are 

in the center of the entire COG - between Hampton and Beaufort counties, the area 

surrounding Walterboro, and the area surrounding the city of Beaufort (Figure 12). 
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3.2.10 Relation to Industrial Siting 

 The Relation to Industrial Siting Data Layer was included in this model to 

account for sprawl concerns.  However, unlike most other sprawl data layers, this one 

was not included as a distance function.  Rather, because these sites were selected by the 

Department of Commerce as being ideal for new industrial development, a simple 

classification function was used.  All the output grid cells located on a industrial site were 

given a value of one and all the cells not located there were assigned a value of zero.  

This conversion function was used because measuring the distance to one of these sites 

would be meaningless. 

 The locations of the industrial sites in the Lowcountry COG is tied to the 

population centers, but not as closely as in other sprawl data layers (Figure 13).  Of all 

the counties, Colleton has the most locations with 21.  These sites are encircled around 

Walterboro, but none of them are located in the city proper.  Jasper County has the next 

largest number with 16 locations.  These are located north of Ridgeland, east of 

Hardeeville, and, most interestingly, in the southernmost extent of the county.  These last 

sites are questionable because they are located on wetlands and far from any existing 

development (South Carolina Wildlife and Marine Resources Department, 1988).  The 

county with the third most locations is Hampton, with 13.  These site follow the 

northwest to southeast extent of the SC Route 68 almost exclusively.  Finally, Beaufort 

County only has five sites, all of which are located directly north of Beaufort. 
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3.3 Environmental Data Layers 

 The data layers discussed under this section do not have any common 

characteristic, other than that they are traditionally considered environmental problems.  

Consequently, each data layer will discuss its selection and conversion functions more 

than the individual sprawl entries found above.  In the same manner as before, the reader 

may consult Table 1 and Table 2 for summary information. 

 

3.3.1 Density of Industrial Air Releases 

 This data layer was created from the Air Regulated Facilities (ARF) Data 

maintained by the South Carolina Department of Health and Environmental Control 

(DHEC).  The ARF data consists of a point coverage which represents facilities 

throughout South Carolina that emit one or more air pollutants regulated under Federal or 

State regulations.  The ARF data can be associated with specific air borne pollutants and 

concentration levels.  However, there is no overall air quality rating, or similar 

measurement, and listing several different air quality contaminants could easily confuse 

the planners using this software.  Furthermore, obtaining this tabular data is both 

complicated and time consuming.  Therefore, only the locations of the ARF facilities 

were used for this data layer. 

While it is a major simplification, the Industrial Air Release Data Layer was 

created using a density function.  The density function, which measured the number of 

facilities per square kilometer, is compatible with the lack of specific contaminant 

information because planners are concerned with large numbers of facilities lumped 

together.  If the grid creation function was a distance function, rather than a density 
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function, it would be far easier to make unsubstantiated statements about the vastly 

different air pollution emitting facilities in South Carolina.  This statement rests on the 

assumption that the more facilities that are concentrated in an area, the more pollution 

they cause.  This statement is valid regardless of the contaminants or type of facilities 

involved. 

 The straight-line function used by this data layer was chosen to avoid additional 

complexity to an already over simplified set of data.  While a logical conclusion should 

be that the conversion function is logarithmic, this could lead to unsubstantiated 

interpretations of the data.  Consequently, the simplest function possible was used.  In 

this function, the highest value, 0.323 facilities per square kilometer (km2), was assigned 

a value of zero, as it is the last place additional development should be placed.  This is 

due to the fact that additional development here would only further stress both the 

environment and the people living in the area.  Conversely, the lowest density value, zero 

facilities per km2, was assigned a value of one. 

Please note that this data layer is only concerned with the air quality in new 

developments.  Development that prioritizes this data layer will be placed in very low 

densities, the worst case scenario for sprawl concerns.  However, as was noted above, the 

purpose of the program is to allow planners to choose between diverse and conflicting 

priorities.  Consequently, the inconsistency found between this data layer and sprawl ones 

works well with this model. 

 The ARF data, and its density, is moderately well spread out over the Lowcountry 

COG (Figure 14).  Hampton County has one of the largest densities in the area in its mid-

western region, near the town of Estill.  It also has some lightly concentrated areas in its 
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middle region, near the towns of Hampton and Varnville.  Colleton County has an area of 

light density in Walterboro, in the mid-northern region.  Otherwise, the county is nearly 

completely empty.  Likewise, Jasper is fairly unpolluted with regards to air pollution, 

minus a minor area near Hardeeville, in the southern half of the county.  Finally, Beaufort 

County has well distributed densities, except a very high density in the town of Blufton, 

on the southern coast.  Therefore, with respect to density of air pollution, the Lowcountry 

COG is pristine, except for the two areas of Estill and Blufton. 

 

3.3.2 Density of Industrial Water Discharges 

 The Density of Industrial Water Discharges was created from the National 

Pollutant Discharge Elimination System (NPDES) Permit database, which is maintained 

by DHEC.  The NPDES regulations have created a permitting system that carefully 

controls industrial wastewater discharges into surface water features.  In a similar manner 

to the ARF data, the NPDES data can also be connected with actual discharge 

contaminants and amounts.  However, as was discussed earlier, performing this matching 

process is both complex and time-consuming.  Furthermore, seeing how there is no 

overall water quality rating, incorporating this information into the model would result in 

multiple data layers, each involving a particular contaminant.  Selecting between these 

data layers could result in political arguments over contaminant differences, which could 

defeat the purpose of the model. 

 The conversion function used for the Density of Industrial Water Discharges is y 

= -2x + 1.  This is a straight-line function that was selected for its simplicity.  Here the 

highest value, 0.491 facilities per km2, was assigned a value of zero, and the lowest 
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density value, zero facilities per km2, was assigned a value of one.  Additionally, as was 

the case with the Density of Industrial Air Releases, this function could be conceived as a 

logarithmic one, but this might allow planners to reach unsubstantiated conclusions. 

 The distribution of the Density of Industrial Water Discharges across the 

Lowcountry COG seems to directly relate with city size (Figure 15).  In Hampton 

County, the largest city is Hampton, which also has the largest density of discharges.  

Other notable areas include the towns of Varnville and Estill.  In Colleton County, the 

only major population center is Walterboro, which also has the largest density in the area.  

Jasper County is the only exception to this rule, as there is a general lack of NPDES 

permit concentration in the county.  This may be because the two major towns in Jasper 

are both isolated from major waterbodies, except wetlands.  Finally, Beaufort County has 

two major population centers, Beaufort and Hilton Head, both of which have large 

NPDES permit densities (South Carolina Wildlife and Marine Resources Department, 

1988). 

 

3.3.3 Density of Underground Storage Contamination Sites 

 The Density of Underground Storage Contamination Sites Data Layer was 

incorporated into this model to account for groundwater pollution problems.  The density 

function was used with this data layer because only very concentrated numbers of these 

locations would prohibit growth in an area.  The distance function was not used here, as it 

was in the Superfund data layer, because the contamination found in these sites was 

usually not as serious as those of the Superfund sites.  Furthermore, while a logarithmic 

or more complex conversion function seems appropriate for this data layer, a straight-line 

 49



function was used, y = -0.8333 + 1.  The most ideal value, one, was assigned to a density 

of zero locations per km2 and the least ideal value, zero, was given to 1.2 sites per km2.  

This function was used because each of the sites in this data layer has very different 

hydrogeological conditions and the model does not currently have any groundwater 

movement rates or directions.  Consequently, the author selected the straight-line 

function because it would not add any more complexity to the already oversimplified 

dataset. 

 The distribution of underground storage contamination sites in the Lowcountry 

COG is loosely related to its population centers (Figure 16).  Hampton County has 

several sites located near Hampton/Varnville, Yemassee, and Estill; Colleton County has 

a large number of them located near Walterboro; Jasper County has some near Ridgeland 

and Hardeeville; and Beaufort County has several in Beaufort and Hilton Head.  There 

are sites located outside of this pattern, but when the density function is applied, these 

become irrelevant.  There are two areas of high concentration and five minor ones.  The 

two major areas are Walterboro and the City of Beaufort.  The minor areas are 

Hampton/Varnville, Estill, Yemassee, Ridgeland and Hardeville. 

 

3.3.4 Distance to Endangered Species Sites 

The grid function used for the Distance to Endangered Species Sites Data layer is 

distance.  The original function planned for this model was density, as it is conceptually 

better suited for development.  However, after receiving expert feedback from DHEC, the 

distance function was used because the information gathered for the database violates 

statistical sampling procedures (Bull, 1999).  Whenever a plant or animal on the 
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endangered species list is spotted, DHEC field biologists are sent to that location to 

investigate further (Bull, 1999). This method of data collection can result in the same 

plant or animal being counted several times.  Consequently, large numbers of sightings in 

an area are based on concentrated fieldwork, rather than a large population of the 

endangered species.  The distance function helps to correct this error, where density 

would only enhance it. 

 The conversion function used for this data layer was bi-linear, rather than a 

straight-line one.  This function, where distances from 0 through 4,800 meters were given 

the function y = 0.000099x and distances from 4,800 to 41,500 meters were calculated 

with y = 0.0000136x + 0.4346, was selected based on expert feedback (Bull, 1999).  The 

distance of 4,800 meters was selected for the steeper conversion slope because DHEC 

bases its impact analyses upon a latitudinal or longitudinal distance of 3 minutes, or 4,800 

meters.  Within that distance, DHEC assumes a dramatically increased development 

threat to a species habitat. 

 The distribution of the endangered species sightings in the Lowcountry COG is 

primarily based on the distance to the coastline (Figure 17).  The closer one gets to the 

Atlantic Ocean, the more sightings seem to occur.  For example, northern Colleton 

County has far fewer sightings than the southern part, which is closer to the coast.  One 

notable exception to this trend is found in the southwestern part of Hampton County and 

the northwestern section of Jasper County.  These two areas have a very dense allocation 

of sightings, which is due to the presence of the James W. Webb Wildlife Center and 

Game Management Area and the Tillman Sand Ridge Wildlife Management Area (South 

Carolina Wildlife and Marine Resources Department, 1988).  Both these areas are likely 
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to attract field biologists due to their preservative qualities, hence the large density of 

sightings. 

 

3.3.5 Distance to Superfund Sites 

 The Superfund program was enacted to identify sites from which the releases of 

hazardous substances into the environment might have occurred.  Consequently, the 

value of property immediately surrounding a Superfund site often declines when the site 

is discovered.  This occurs because surrounding properties often experience groundwater 

contamination.  Therefore, distance from new development to Superfund sites becomes 

an important criterion, both to avoid pollution of the new development and to minimize 

further impact on the environment.  Unfortunately, due to the many different 

contaminants and site-specific criteria, there was no method to weigh the Superfund sites 

by their size or importance.  Furthermore, accurate regional groundwater information was 

unavailable, so basing the distance function on groundwater patterns also proved 

impossible.  Therefore, only the spatial locations of the Superfund sites were used in the 

analysis. 

 The conversion factor used for the Distance to Superfund Sites Data Layer was a 

straight-line function, y = -0.000019x + 1.  Conceptually, this function should most likely 

be logarithmic as small distances moved away from the site, when one is close by, will 

lead to much larger benefits then when one is much further away.  However, because of 

the complexity that surrounds each individual site and the simplification of this model, it 

was decided to use a straight-line conversion function.  Here, the ideal value of one was 
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assigned to 53,000 meters and the least ideal value of zero was assigned to a distance of 

zero meters. 

 The 26 Superfund sites in South Carolina are randomly distributed, with two 

exceptions (Figure 18).  First, there are an exceptionally large number of Superfund sites 

near the city of Beaufort.  This is probably due to the area’s industrial history and 

relatively large population.  Second, there is a small cluster of Superfund sites near 

Hampton/Varnville, in Hampton County.  This is probably also due to the industrial 

history of the area. 

 

3.3.6 Location of Forestland, Real or Potential Farmland, and Wetlands 

 The data for the Location of Forestland, the Location of Real or Potential 

Farmland, and the Location of Wetlands data layers was taken from the USC GIS Data 

Server’s 30 meter thematic mapper satellite land cover database.  This data was created 

from 1993 to 1995 through an EPA grant by the Southeastern Remote Sensing Center.  

Ten full Landsat Thematic Mapper 30-meter scenes, and two partial scenes, were used to 

construct a database for all of South Carolina.  These images were used to classify the 

landcover, at 30-meter resolution, of the state.  The landcover was grouped in 17 

categories, ranging from high density urban to barren or disturbed land.  The images were 

rectified using a statewide GPS database and accuracy checks were performed against 

USGS topological maps (“South Carolina Landcover Classification Data,” 1999). 

 Each of the three data layers discussed in this section was created by sub-setting 

the master database mentioned above.  First, the Location of Forestland Data Layer was 

created by selecting polygons with the values 3 (evergreen forest), 4 (deciduous forest), 
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and 5 (mixed forest).  Second, the Location of Real and Potential Farmland Data Layer 

was made by importing polygons with the value 6 (cultivated/grassland).  Finally, the 

Location of Wetlands was created by selecting polygons with values 8 (high marsh), 9 

(low marsh), 10 (fresh water marsh), 11 (deciduous forested wetland), and 12 (evergreen 

forested wetland) (“South Carolina Landcover Classification Data,” 1999).  The reason 

for grouping each of these classifications together is to alleviate potential political 

arguments and confusion regarding the subtle differences between each of the landcover 

sub-classes. 

 The conversion function used for each of these data layers was a simple 

classification function.  A classification function is where the data point is either in the 

area or it is not.  For example, any grid cell located in a wetland would get a value of zero 

and any cell not in a wetland would get a value of one.  All three data layers were 

assigned the least ideal value, zero, if they were in the landcover type.  This grouping was 

performed because development in any of these areas would remove that land from the 

classification. 

 Forestland is fairly well scattered over the study area, but there are areas of larger 

forestland density, such as in western Hampton County, southern Colleton County, and 

western Jasper County (Figure 19).  Real or potential agricultural land, on the other hand, 

has definite trends in its dispersion (Figure 20).  There are large tracks of agricultural 

land in central Hampton County and northern Colleton County.  Central Jasper County 

has less farmland density, as does the Helena Island area, which is in Beaufort County.  

The wetlands dispersion also has definite patterns (Figure 21).  The most noticeable of 

these is that the wetlands are usually located near the coast.  Wetlands also mimic the 
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patterns of some of the major rivers.  This only makes sense because in order to have a 

wetland, one needs water. 

 

3.3.7 Location of Hydrological Features 

 The Location of Hydrological Features Data Layer was incorporated into the 

model to account for point and non-point source water pollution.  Development located 

near or on surface water boundaries are far more likely to negatively impact those water 

bodies.  Consequently, the incorporation of this data layer into the database was 

originally going to be through a distance function.  This was further confirmed by expert 

opinion, who described a complex buffer function to be used within 50 meters of the 

surface water boundary (Marshall, 1999).  However, seeing that the grid cell size used in 

this model was 250 meters, the grid resolution could not accurately represent this 

function.  Consequently, rather than disregard expert opinion, or attempt to infer 

conclusions the model could not handle, the author decided to model this data layer with 

a simple classification function.  All the cells located on a hydrological feature were 

assigned the least ideal value, zero, and all those cells not located there received the most 

ideal value, one.  While this is an oversimplification and does not allow for the buffering 

of the surface water boundary, it is the best solution given the model’s constraints. 

 The distribution of the hydrological features in the Lowcountry COG is easily 

pictured (Figure 22).  Beaufort County has a largest distribution of this data layer, given 

its ocean border and the large number of rivers that fractionalize its surface.  The other 

counties sometimes are bordered by larger rivers, but the only truly significant features in 
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their midst are lakes.  Colleton County has the most lakes, followed by Hampton and 

Jasper Counties. 
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CHAPTER 4 

 

COMPUTER MODEL DESIGN AND DEVELOPMENT 

 

4.1 Requirements of the System 

 The most basic purpose of this computer program, was to interject sustainability 

into the infrastructure planning process.  In order to do this, the model must provide the 

planners with information, but not make the decisions for them.  In other words, the 

program needs to be a tool in the planning process, one that allows planners to 

experiment with different design criteria upon the system of the Lowcountry COG. 

 To meet this purpose, the computer program had to be designed as a simulation 

tool, one that would allow planners to prioritize different environmental criteria and view 

the results.  Furthermore, it had to have the ability to rapidly produce model iterations, 

which would let the planners compare and discuss the different results.  This simulation 

tool also needed to be visually based, which is the analysis method that is the easiest to 

understand.  This requirement resulted in the GIS technology being selected for the 

model. 

 The computer program also needed to incorporate a simple user interface.  This 

requirement was necessary because any confusion caused on the part of the planners 

would defeat the effectiveness of the simulation.  Therefore, the system needed to remove 
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a good deal of the functionality of a normal GIS program.  All the interface required was 

a ranking module, that could be quickly repeated, a visual component that allows for the 

easy comparison of multiple outputs, and a printing option to allow users to generate 

hardcopy results of their interactions. 

 The GIS system selected to run the model must handle both vector and raster 

(grid) based data well.  It should have an easily modifiable interface; one that allows the 

designer free reign on what functions and tools the user has access too.  The system 

should also function well on a personal computer and not require a large amount of disk 

space or computing power.  The GIS must also be easy to learn, for the more complicated 

the system, the less effective the model will be in fulfilling its role as a tool to 

infrastructure planners. 

 A final requirement of the system was that is must be easily modifiable and 

updateable.  This is important because the system would soon become archaic if it could 

not use updated information.  Furthermore, the author was only able to gather a limited 

amount of environmental data layers.  Future users may have access to larger resources 

and should not be limited by the author’s lack of data.  Finally, an additional benefit of 

allowing the program to be easily modifiable is that other people in various fields, 

perhaps totally unrelated to this project, could use the general model the computer 

program was developed with. 

 

4.2 Data Layers 

 In order to meet the aforementioned requirements, the data gathered for this 

project needed to be at the 1:100,000 scale.  This scale is ideal for multi-county, and even 
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statewide analysis.  If the model used the larger 1:24,000 scale, individual iterations 

would take much longer to perform because of the more detailed information in the 

database.  Furthermore, very little added benefit would result from this increased detail, 

as the overall picture would remain the same.  If the model used data at the 1:250,000 

scale, the information would not be detailed enough to make any useful conclusions from 

the planning exercises (Fotheringham, 1993).  Therefore, the information was collected at 

the 1:100,000 scale. 

 Unfortunately, as was mentioned in Chapter 5, the amount of data available at 

1:100,000 scale is very minimal.  Most of the planning that goes on in South Carolina is 

either at the state level, which would use the 1:250,000 scale, or the county or city level, 

which would use the 1:24,000 scale.  This leaves very little information available to the 

COG level of government.  Seeing how infrastructure and other planning has only 

recently begun at the COG level, this lack of data is not surprising.  These facts are the 

motive behind the Chapter 5 recommendation that more funding be given to 

organizations to create 1:100,000 scale data. 

 The lack of regional data became apparent as the search for information for this 

model progressed.  The first place the author checked for data was on USC’s GIS server 

(www.cla.sc.edu/gis/dataindex.html).  This server contains a wealth of information, on a 

variety of topics, and is a great starting point for any search.  From there, the author 

reviewed the information available from the South Carolina Department of Natural 

Resources (DNR) (www.dnr.state.sc.us/gisdata/index.html).  This server has great data 

and is one of the best repositories for information available regarding South Carolina.  

Unfortunately, DNR’s data is gathered exclusively in the 1:24,000 format.  However, an 
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excellent project that was created and funded by DNR, entitled Managing Resources for a 

Sustainable Future:  The Edisto River Basin Project Report, led the author to the South 

Carolina Department of Commerce (Edisto River Basin Project, 1996).  The Department 

of Commerce maintains many valuable sprawl growth layers for South Carolina, and 

maintains some of them at the 1:100,000 scale. 

The Department of Commerce, and several other sources also recommended 

speaking with South Carolina’s DHEC, who maintains large amounts of GIS data.  Other 

locations the author searched for data included the USGS EROS Data Center 

(edcwww.cr.usgs.gov/eros-home.html), the Federal Geographic Data Committee 

(www.fgdc.gov), the USGS National Gap Analysis Program (www.gap.uidaho.edu/gap), 

the EPA Web Page (www.epa.gov) and the USGS GeoData Web Page 

(edcwww.cr.usgs.gov/doc/edchome/ndcdb/ndcdb.html). 

 Given this magnitude of web sites, the scarcity of data becomes apparent when 

only three places had information that was incorporated into the final model.  These three 

locations were, the USC GIS Data Server, the Department of Commerce, and DHEC.  

The details on which data layers were taken from which agencies can be found in Table 

1.  Regardless of the limited number of data sources, the data layers that were used in this 

project were sufficient to meet the needs of the model.  However, more data would only 

make the program more versatile. 

 

4.3 User Interface 

 As was mentioned above, the most critical factor in the user interface was its ease 

of use and simplicity.  For this reason, the GIS selected to perform the project upon was 
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ESRI’s ArcView.  ArcView is a Windows based GIS that supports easy user interface 

modification with a programming language called AVENUE.  The user interface that is 

described below was developed through AVENUE scripts.  The creation of the interface 

occurred in several phases.  In each phase, a prototype was prepared and feedback was 

elicited from a user group, who ranged from members of the Laboratory for Sustainable 

Solutions to the administration of the Lowcountry COG.  The feedback of these groups 

was used to modify the user interface further and another prototype was produced.  This 

cyclical process was repeated until the user groups were content with the interface, which 

appears here (Figure 23). 

Before Modification After Modification

Figure 23:  Comparison of Functionality Before and After User Interface Modification

 

 For ease of use and alteration, the focus of the user interface became developing a 

new Graphical User Interface (GUI).  A GUI is a class of windows that interface between 

the user and the underlying program.  GUIs each have unique pull down menus, popup 

menus, buttons, and tool bars.  In ArcView, each of the basic system classes (Views, 

Tables, Layouts, etc.) has their own GUI.  The development of a new GUI allowed the 

user to leave complete ArcView capability with the original GUIs, which proved useful 

in performing other non-model related tasks, such as displaying each data layer 

individually.  Furthermore, the scripts TomConvertUserViewtoView and 
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TomConvertViewintoUserView, allowed the transfer of the Output UserView to the 

View GUI to perform modifications and error-checking. 

 For the user interface, two new GUIs were created.  The first one, which is called 

UserView, functions as an equivalent of a standard View GUI.  The user can see a view 

frame through this GUI, but has limited access to normal ArcView functions.  This was 

done to eliminate the confusion that these unnecessary functions might cause the planners 

using the program.  In a similar fashion, the UserLayout GUI was created to restrict the 

user in the layout screen.  For details on the commands, buttons, and tools left in these 

GUIs, please see Chapter 4.  The novice user is restricted to these GUIs by the 

TomStartUp script, which opens and maximizes the Output UserView.  This way, unless 

the user inadvertently closes that window, his actions are restricted to that GUI, and the 

UserLayout, which is opened through commands in the UserView GUI.  Furthermore, the 

TomProjectClose script closes the ArcView program without saving any data, which 

allows the next user to use the program afresh. 

 

4.4 The Ranking Module 

 The ranking module, as was mentioned in Chapter 4, is opened by selecting the 

New Ranking command under the File Menu of the UserView GUI.  This command 

opens up the TomRankandCombineGrids script.  The commentary that follows is based 

on the progression of the TomRankandCombineGrids script, which is completely listed in 

Appendix A. 

 The ranking module first goes to the NormalGrids View and collects all the 

themes available there and places them in a list.  This means that if any grids are missing 
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from this view, they will not be included into the list of grids the user chooses from.  It is 

also important to note that the names of the themes listed in the NormalGrids View are 

the ones that appear in the message box the user selects from.  If the user is confused by 

an data layer name, then it must be changed in the NormalGrids View. 

 The ranking module next queries the user to enter his environmental data layer 

ranking.  It does this by cycling through a loop until the user presses the cancel button or 

ranks every data layer.  The program will correctly cancel the script is the user fails to 

enter at least one data layer and presses the cancel button.  The process returns a 

dictionary with the list of environmental datalayers and their numerical rankings. 

 The ranking module next calculates the weights that are to be assigned to each 

data layer.  It does this by first counting the number of data layers selected and 

calculating the distance each weight must have from the next weight, off of a base of one.  

For example, if the user had selected four data layers, the distance would be 0.25.  Then 

the program calculates the unnormalized weights by assigning the most important data 

layer a weight of one and then successively subtracting the distance from each 

subsequent data layer.  In the example above, the most important data layer would have a 

value of one, then the other ranked data layers would have values of 0.75, 0.5, and 0.25.  

Finally, the weights are normalized so they add up to one by taking each weight as a 

percentage of the sum of all the weights.  In the example above, the weight scores would 

now be 0.4, 0.3, 0.2, and 0.1.  These weights are then added to the dictionary of data 

layers. 

 The ranking module next performs the additive overlay process as it was outlined 

in Chapter 2.  Each layer is multiplied by its weight and then all the data layers are added 
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together.  This results in a grid that has values ranging from zero to one and that is 

representative of the user’s ranking priorities.  The program then adds this grid theme to 

the view with the name of “Combined Grid 1.”  The number of this name will change 

each time a new grid is created because the program keeps track of an identity number to 

differentiate between the output grids.  The program then changes the color ramp to gray-

red and sets the number of legend classes to 10.  This is done for consistency from grid to 

grid.  The theme displaying the outline of the Lowcountry COG is also moved to the top 

so that it can be viewed on top of the grid. 

 The last task that the ranking module performs is to create a table that lists the 

environmental ranking scheme the planner selected.  This table is created with the same 

name as the new grid theme and has two fields, the ranking number and the data layer 

name.  This table is stored in the root directory of the “c” drive and will be accessed by 

the printing module.  While these tables do not take up much space, the user is more than 

welcome to go into the root directory and delete them when finished with the program. 

 

4.5 The Printing Module 

 The printing module is executed by the Print Command under the Print Menu in 

the Output UserView.  This command opens the TomOpenPrint script, which was listed 

in its entirety in Appendix A.  Like the ranking model section above, this commentary 

will follow the script directly. 

 The first thing the printing module does is to check to see if the Lowcountry COG 

boundary theme and at least one other grid are visible.  If this criterion is not met, then 

the program warns the user that they must make these themes visible before progressing.  
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The printing module next asks the user if they want to print in black and white.  If the 

user selects yes, then the program changes the theme’s color ramp to a gray scale, with 

the lightest gray being given to the highest utility value.  The program also sets a Boolean 

flag to true so that the TomPrintClose script knows to change the color ramp back. 

 The printing module next begins to create the standardized layout.  First it closes 

all other windows and minimizes the project window.  It then creates a UserLayout with 

the name “UserLayout,” which is opened and maximized.  The printing module then adds 

the following components to the UserLayout, in this order, the viewframe, the neatline, 

the title, the scale bar and its heading, the legend, the rankings table, and the north arrow.  

The rankings table is also opened and minimized, in order for it to be properly displayed. 

The north arrow must be selected from the north arrow dialog box.  This is because the 

author could not discover how to set a specific north arrow and it is entertaining to allow 

the users to select their own.  Finally, the printing module resizes the rankings table to 

take up the optimum amount of space on the UserLayout. 

 The printing module script is now finished and the user is looking at the newly 

created UserLayout.  Then, as mentioned in Chapter 4, the user may adjust his printing 

options and print the UserView.  Once he is done, he selects the Close command under 

the Print Menu in the UserView.  This will activate the TomPrintClose script, which 

closes all the windows, including the table window, and opens and maximizes the Output 

UserView.  This script will also check if the user selected black and white printing.  If 

this was the case, then the script will change the legend back to the gray-red color ramp. 
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4.6 Conclusion 

 The development of this GIS based planning tool went through several rather 

convoluted phases.  However, the result is a simple tool that meets all the criteria asked 

of it.  Hopefully, both the planners it was designed to work with and any future users, 

who seek a launching pad for their efforts, will find this program useful.  It truly has been 

an excellent educational experience and a joy to produce. 
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CHAPTER 5 

 

CONCLUSIONS 

5.1 Results from Research Group Poll 

 As part of the analysis of the program’s effectiveness, each member of the 

research group, which is made up of University of South Carolina faculty and students, 

was asked to use the program and rank their environmental priorities.  This analysis was 

done instead of using the Lowcountry COG planners because a meeting with them has 

not been scheduled yet.  Prior to analyzing the results of this poll, some background on 

this research group is in order.  The research group, called the Laboratory for Sustainable 

Solutions, has been in existence since the summer of 1996.  It is headed by Dr. Walter 

Peters III, professor of Mechanical Engineering, at USC.  Dr. Peters created this group to 

examine sustainability issues and work with industry and government to implement them.  

The current projects of the Laboratory include an Eco-Industrial Park for Value Added 

Wood Products in the Edisto River Basin, the Lowcountry COG Infrastructure Planning 

Project, and an Industrial Sustainability Model, which is being developed with Ducane, 

Inc.  The group has also worked closely with the Sustainable Universities Project, which 

involves USC, Clemson University, and the Medical University of South Carolina 

(MUSC) (Peters, 1999). 
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 The rankings the research group gave each data layer are found in Table 3.  When 

a user did not rank a data layer it was given a score of 20.  This was done because there 

are 19 data layers in the model and this value would not represent any other data layer.  

The other data appearing in the table is the ranked order that each user of the program 

listed, with 1 being the most important.  The sums of each data layer’s ranking are listed 

in the third row from the bottom of the table.  The final row lists the importance rank 

each data layer received from the whole research group.  This was calculated by taking 

the lowest score as being the most important, with any ties going to the data layer that 

had the least number of people omitting it. 

 The first trend that becomes apparent, when one examines the data, is that the 

Distance to Underground Storage Contamination Sites Data Layer was not picked at all.  

This is because that data layer was not available to the thesis group due to technical 

difficulties.  A similar reason contributed to the Location of Hydrological Features Data 

Layer’s high score, where this information was only available to half the users.  

However, of those half that it was available to, only one user selected it.  This may well 

be due to a lack of understanding of what the data layer represented.  The only other data 

layer that scored a significantly large number of blanks was the Location of Real or 

Potential Farmland Data Layer.  This is most likely due to the users not seeing this data 

layer as a high priority. 

 The list of environmental criteria could be divided into two groups, traditional 

environmental issues and sprawl growth concerns.  The environmental issues include:  

Industrial Air Releases, Industrial Water Discharges, Endangered Species, Superfund 

Sites, Forestland, Hydrological Features, Farmland, and Wetlands.  It is important to note 
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Table 3:  Ranking Results from Research Group Poll 
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User 1 14 13 20 11        12 10 6 7 9 8 15 20 3 4 5 20 20 1 2
User 2 2 1 20 20 8   10 7 20 11 3 9 20 6 20 5 20 20 4 20 
User 3 20 20 20 8            1 7 6 12 9 5 13 10 4 11 3 20 14 2 15
User 4 2 3 20 20 13          1 5 6 20 4 20 7 8 11 9 20 20 10 12
User 5 14 13 20 16               5 4 3 1 7 8 6 15 9 10 2 20 11 12 17
User 6 20 7 20 20 20 20 4 20 6       1 9 3 2 8 20 20 20 10 5 
User 7 12 13 20 16            14 11 2 3 17 4 15 5 1 6 8 20 10 9 7
User 8 1 2 20 17            7 8 15 9 16 13 3 14 11 10 5 20 6 4 12
User 9 1 2 20 9             10 6 7 8 14 13 4 15 12 11 20 16 20 3 5
User 10 1 3 20 20 4       11 20 10 20 20 5 20 20 9 7 20 8 2 12
Total 87                   77 200 157 94 88 75 96 129 79 99 129 76 100 84 196 149 57 107
Blanks 2            1 10 4 1 1 1 2 2 1 1 3 1 1 2 9 5 0 1 
Rank 7 4 19 17 9 8 2 10 14 5 11 15 3 12 6 18 16 1 13 
 
A Bold 20 means that the data layer was not selected during the ranking. 
*   The Underground Storage Contamination Data Layer was not available when the Research Group Poll was taken. 
** The Hydrologic Features Data Layer was only available to five out of the ten people the poll was given to. 



that the Underground Storage Contamination Sites Data Layer was not included here 

because it was not ranked, but otherwise it would be considered an environmental issue.  

The sprawl growth concerns include:  the Distance to Airports, Existing Industry, Power 

Lines, Public Water Wells, Railroads, Utility, Water and Sewer Lines and Treatment, and 

Industrial Siting. 

Given the research group’s environmental focus, it is no surprise that the Location 

of Wetlands and the Density of Industrial Water Discharges Data Layers ranked in top 

four criteria.  However, sprawl concerns, which have only recently been recognized by 

the environmental community through sustainability, also received attention, with the 

Distance to Power Lines and Distance to Water and Sewer Lines Data Layers in the top 

four.  In fact, if one averaged the different rankings for the environmental and sprawl 

groups, they would find they are almost identical, with environmental getting a 9 and 

sprawl receiving a 9.9.  This is most likely due to the group’s study of sustainable 

development; they have a heightened awareness of sprawl concerns. 

The second part of the analysis performed on the research group poll was spatial.  

All the grids that each of the ten users created were added together with map algebra.  

Then, the resulting grid was normalized between one and zero to keep its output 

consistent with the maps found in this thesis (Figure 24).  The most significant feature in 

the composite grid is the high score of the City of Ridgeland, located in Jasper County.  

The author had noted the tendency of this city to receive high scores in his initial 

investigations and this research further confirms that.  The results would indicate that 

Ridgeland is an ideal place to develop, regardless of the environmental ranking used.  

Two other places that also received high scores were the Varnville/Yemassee corridor, 
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which runs along SC Route 68 in Hampton County, and the area southwest of 

Walterboro, in Colleton County.  These high scores relate to the group’s awareness of 

sprawl concerns and the cities high existing industry content (Figure 8).  However, it is 

also important to note the lack of high scores on the coast, with the exception of moderate 

scores in the City of Beaufort.  This is due to the high ranking of wetlands, which are 

predominantly found on the coast (Figure 19). 

 

5.2 The Model’s Effectiveness 

Feedback on the model’s effectiveness from the research group poll was positive.  

In particular, the users liked the simple interface and the ability to rapidly run through 

multiple iterations of the modeling exercises.  The users were also impressed with the 

GIS technology.  They were easily able to spot patterns and make informed conclusions.  

This further supports the theory that visual communication is the easiest to understand 

(Nijkamp, 1993).  The users also offered positive comments on the printing options, as 

they enjoyed viewing the other group members’ printouts.  This poll resulted in the 

initiation of a discussion between the group members about their individual results.  This 

is encouraging, as the whole purpose of the tool is its ability to bring the environmental 

priorities of each person to the planning table and initiate discussion about them. 

 The users also offered critical feedback regarding the ranking dialog box, where 

they could not view all the environmental criteria on the screen at the same time.  This 

occurred because the scrolling list box is not big enough.  While the users can resize this 

box, it is cumbersome to repeat this process after every choice.  Furthermore, the users 

wished they could have gone back and changed several choices after they were made.  
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The model allows for this, but one has to wait for it to calculate the input already 

collected in order to begin anew.  The solution to this problem was to provide a copy of 

Table 1 to each participant and allow them to rank their priorities on paper and then put 

them into the model.  While this solution is not ideal, it proved the best considering the 

author’s lack of time and programming knowledge. 

 While the research group was not the group of planners this tool was invented to 

serve, the feedback is encouraging.  It may be reasoned that a similar group of planners in 

the Lowcountry COG are likely to have similar positive results.  The largest difference 

between the two groups will most likely be education and familiarity with computer 

applications.  Consequently, the author believes that far more coaching will be needed in 

order for the planners to successfully use the program.  However, the author is cautiously 

optimistic that the model will make a positive impact. 

 

5.3 Lack of Regional Spatial Data 

 This model could be much more powerful if there were more data to incorporate 

into it.  The author looked in many locations for spatial data (Appendix B).  However, 

little data were available for multi-county planning.  Large amounts of GIS data have 

been created at the 1:24,000 scale.  While this information can be aggregated into 

1:100,000 scale data, this process is time consuming and requires large amounts of 

computing space because of the size and number of files.  Furthermore, most of the 

1:24,000 data coverage is incomplete, as some parts of counties have been completely 

studied, while other parts have not.  Large amounts of data are also maintained at the 

1:250,000 scale.  This information is good for state and multi-state planning and much of 
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it is maintained by the federal government.  Unfortunately, as has been mentioned before, 

little data is created and maintained at the 1:100,000 scale.  In South Carolina, this 

information would be created by the COGs, as it would be most valuable to them. 

 The author would like to encourage funding to allow the creation of data at the 

1:100,000 scale.  This data is necessary for any type of regional planning.  When this 

information is not available, COG planners cannot possibly hope to make informed 

decisions.  In particular, the Lowcountry COG has recently hired a GIS technician.  

However, she is only one person with a workload that should be handled by a team of 

people.  While her employment is a good start, other COGs need to follow suite and 

develop their own databases. 

 For this project, the best resource available was the USC GIS server, which is 

located in the Liberal Arts Computing Lab (www.cla.sc.edu/gis/dataindex.html, 1999).  

Other useful GIS resources are maintained at the South Carolina Department of 

Commerce and the South Carolina DHEC.  If one needs regional scale data, it is best to 

start here.  However, if additional data is found, users can add it to the model with the 

steps outlined in Appendix C. 

 

5.4 Areas Requiring Further Research 

 There are two types of further research, related to this project, that could be 

undertaken.  One of these, involves the model itself.  The first area of the model that 

could be improved upon is the number of data layers.  As was mentioned above, these 

may be available in the future and would serve to make the program more robust.  The 

second aspect of the model that could use development is the dialog box that requests the 
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user’s prioritization.  The current scrolling list that the users select from is too small to 

display all the layers at once.  With the use of AVENUE and Dialog Designer, additional 

scripts could be developed that would allow users to rank their priorities all at once, 

which would be a large improvement.  It would be interesting to study how a simple 

change like this would modify the user’s interaction with the model and how it would 

improve the model’s performance.  Another part of the model that could be changed 

would be to challenge the author’s assumption that giving the planners flexibility in 

weight assignments would result in political bickering.  It would be interesting to see 

whether planners would be confused by the weighting exercise or if it would give them 

more flexibility to explore their options. 

A final part of the model that could be altered would be the use of boundary 

conditions.  Currently, the data layers of the model make predictions outside of the 

boundary of the Lowcountry COG, even though no data was collected there.  This could 

be changed so that all the data layers would only include the area that lies within the 

COG boundary.  This would result in more correct conclusions and a more accurate use 

of the zero to one utility scale.  However, an even better solution would be to collect data 

from the area around the COG and analyze that.  This way, the model would allow 

planners to account for factors that lie outside the arbitrary political boundary 

(Fotheringham, 1993). 

The second type of further research needed lies in areas outside of the model’s 

design.  The first of these would be to study the effect this model, or ones like it, has on 

the planning process.  This study hypothesized that the most important aspect of 

sustainable infrastructure planning is informed decisions.  A study testing this hypothesis 
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could examine planning processes before the model was introduced and the changes that 

result from its inclusion.  Another area of further research might be examining other areas 

of decision-making, outside of the environmental realm, that could benefit from the 

process this model uses.  This study could limit itself to GIS style computer programs or 

expand from that technology.  A final area of additional study might be to examine how 

accurately planners using this tool actually represent their constituent’s interests.  This 

study would examine the soundness of the democratic assumption that representatives 

truly serve their constituent’s interests rather than their own.  One might simply run the 

model exercise with the planners and then do the same with the groups they represent. 
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APPENDIX A 

 

AVENUE SCRIPTS 

 

A.1 Overview 

 This appendix lists the ArcView Avenue scripts that were actually used in the 

program (Table A1).  To assist the reader in understanding this code, textual notation has 

been used frequently in the body of the code.  This notation is written in all capitals to 

assist the reader in locating it.  Unfortunately, some parts of this code had to be wrapped 

to the next line for inclusion in this document, which the reader should take into account. 

 
Table A1:  Summary Information Regarding Avenue Scripts 

 
Name Function Page 

TomConvertUser-
ViewtoView 

This script converts the UserView GUI to the View GUI.  This is done for 
structural changes to the Output UserView 

86 

TomConvertView-
intoUserView 

This script converts the View GUI back to the UserView GUI.  This was 
done after the structural changes were performed on the Output UserView. 

86 

TomOpenPrint This script creates the layout the user can print from.  It allows the user to 
select black and white printing and creates the title, legend, view frame, 
scale ratio, and north arrow for the layout.  It also appends the table of user 
rankings for the correct theme. 

87 

TomPrintClose This script closes the printing layout, returns the theme to the gray-red color 
ramp, if necessary, and brings the user back to the Output UserView. 

91 

TomProjectClose The script closes the program and ArcView, without allowing the user to 
save any changes 

92 

TomRankand-
CombineGrids 

This script lets the user rank the environmental criteria in the database.  It 
then assigns equidistant weights, that add up to one, to this ranked order.  It 
then performs the additive overlay process outlined in Chapter 2.  Finally, it 
creates a table with the same name as the theme to display the ranked order 
of the criteria. 

92 

TomStartUp This script locates the Output UserView, opens it, and maximizes it.  96 
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A.2 TomConvertUserViewtoView 

'THIS SCRIPT CONVERST A USER SPECIFIED UserView INTO A View GUI 
'THIS OPERATION WOULD BE PERFORMED MY A DESIGNER WHO NEED TO 
MAKE MODIFICATIONS TO THE UserView 
 
'VARIABLES: 
   'theProject = SHORTCUT FOR av.GetProject 
   'choiceList = LIST OF VIEWS AVAILABLE IN THE GUI UserView 
   'choiceView = USERS CHOICE OF UserViews 
    
    
theProject = av.GetProject 
 
'OBTAINS A LIST OF VIEWS IN THE GUI UserView 
choiceList = theProject.GetDocsWithGUI(av.FindGUI ("UserView")) 
 
'SETS UP A MESSAGE BOX TO OBTAIN USER CHOICE OF UserViews TO OPEN 
choiceView = MsgBox.ChoiceAsString(choiceList, "Choose a UserView to convert:", 
"UserViews to Convert" ) 
 
'IF USER CANCELS OUT OF THE MSGBOX, THEN THIS SUBROUTINE EXITS 
THE SCRIPT 
if (choiceView = nil) then 
   MsgBox.Warning("You have not chosen a valid view.", "Conversion Canceled") 
 
'CONVERTS THE GUI TO A View 
else 
   choiceView.SetGUI("View") 
end    
 
 

A.3 TomConvertViewintoUserView 

'THIS SCRIPT WILL CONVERT A USER SPECIFIED View INTO A UserView GUI 
 
'VARIABLES: 
   'theProject = SHORTCUT FOR av.GetProject 
   'choiceList = LIST OF VIEWS AVAILABLE IN THE GUI UserView 
   'choiceView = USERS CHOICE OF Views 
    
 
theProject = av.GetProject 
 
'OBTAINS A LIST OF THE VIEWS IN THE GUI View 
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choiceList = theProject.GetDocsWithGUI(av.FindGUI ("View")) 
 
'SETS UP A MESSAGE BOX TO OBTAIN THE USERS CHOICE OF Views TO 
OPEN 
choiceView = MsgBox.ChoiceAsString(choiceList, "Choose a View to Convert:", 
"Views to Convert" ) 
 
'IF USER CANCELS OUT OF MSGBOX, THEN THIS SUBROUTINE EXITS THE 
SCRIPT 
if (choiceView = nil) then 
   MsgBox.Warning("You have not chosen a valid view.", "Conversion Canceled") 
    
'CONVERTS THE GUI TO UserView 
else 
   choiceView.SetGUI("UserView") 
end    
 
 

A.4 TomOpenPrint 

'THIS SCRIPT CREATES A STANDARD LAYOUT OF GUI TYPE UserLayout. 
'IT ADD THE VARIOUS MAP COMPONENTS TO THE LAYOUT:  LEGEND, 
NORTH ARROW 
'SCALE BAR AND TITLE. 
'THE SCRIPT ALLOWS THE USER TO SELECT BLACK AND WHITE/COLOR 
PRINTING AND 
'NORTH ARROW STYLE. 
 
 
 
'VARIABLES: 
   'theProject = SHORT FOR av.GetProject 
   '_bwPrint = BOOLEAN VARIABLE TO INDICATE IF USER WANTS BLACK   

          AND WHITE PRINTING 
   'theVisThemes = A LIST OF VISIBLE THEMES IN THE "Output" View 
   'theTheme = THE SECOND VISIBLE THEME IN theVisThemes, AS THE  

           "lowcog.shp" IS FIRST 
   'theLegend = THE LEGEND OF theTheme 
   'theColorRamp = THE COLOR RAMP ALL GRAY COLOR RAMP 
   'flipStack = THE STACK USED TO REVERSE THE GRAY COLOR RAMP ORDER 
   'theList = THE LIST USED TO STORE THE NEW COLOR RAMP ORDER 
   'printLayout = THE LAYOUT SET UP AND DELETED BY THIS SCRIPT 
   'theDisplay = VARIABLE FOR DISPLAY SETUP 
   'thePageExtent = THE PAGE EXTENT OF printLayout 
   'thePageOrigin = THE PAGE ORIGIN OF printLayout 
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   'theRectOrigin = THE ORIGIN OF THE VIEW RECTANGLE 
   'aRect = GENERAL VARIABLE FOR RECTANGLE ASSIGNMENT 
   'theVFrame = VARIABLE FOR SETTING UP THE VIEW FRAME 
   'theNeatLine = VARIABLE FOR SETTING UP THE NEAT LINE 
   'GText = VARIABLE FOR SETTING UP THE TITLE TEXT 
   'theTextSymbol = VARIABLE TO ASSIGNING THE FONT OF THE TITLE TEXT 
   'theSbFrame = VARIABLE FOR SETTING UP THE SCALE BAR 
   'theLegendFrame = VARIABLE FOR SETTING UP THE LEGEND 
   'theTableFrame = VARIABLE FOR SETTING UP THE RANKING TABLE 
   'theNArrow = VARIABLE FOR SETTING UP THE NORTH ARROW 
   'okToAdd = USER SELECTION OF THE STYLE OF THE NORTH ARROW 
 
 
 
theProject = av.GetProject 
_bwPrint = False 
 
'MAKES SURE THE "lowcog.shp" THEME AND AT LEAST ONE OTHER THEME 
ARE VISIBLE 
if (theProject.FindDoc("Output").FindTheme("Lowcog Bound").IsVisible = False) then 
  MsgBox.Error ("You must have the Lowcountry theme visible.", "Error") 
  Return nil 
end   
theVisThemes = List.Make 
theVisThemes = theProject.FindDoc("Output").GetVisibleThemes 
if (theVisThemes.Count = 1) then 
  MsgBox.Error ("You must select a theme to be displayed in the printout.", "Error") 
  Return nil 
end 
 
'ASKS THE USER IF THEY WANT TO PRINT IN BLACK AND WHITE 
_bwPrint = MsgBox.YesNo ("Do you wish to print in black and white?", "Black and 
White Printing?", True) 
if (_bwPrint) then 
  theTheme = theVisThemes.Get(2) 
  theLegend = theTheme.GetLegend 
  theLegend.SetLegendType(#LEGEND_TYPE_COLOR) 
  theLegend.Interval(theTheme,"Value",15) 
  theColorRamp = 
SymbolList.GetPreDefined(#SYMLIST_TYPE_COLORRAMP).Get(10) 
  flipStack = Stack.Make 
'PUTS theColorRamp IN REVERSE ORDER 
  for each i in 0..(theColorRamp.Count - 1) 
    flipStack.Push (theColorRamp.Get(i)) 
  end 
  theList = List.Make 
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  for each i in 0..(flipStack.Depth - 1) 
    theList.Add (flipStack.Pop) 
  end 
  theColorRamp = SymbolList.FromList (theList) 
  theLegend.GetSymbols.RampSavedColors(theColorRamp) 
  theTheme.UpdateLegend 
end 
 
theProject.CloseAll 
theProject.GetWin.Minimize 
 
printLayout = Layout.MakeWithGUI("UserLayout") 
 
printLayout.GetWin.Open 
printLayout.GetWin.Maximize 
 
'SETS DISPLAY CHARACTERISTICS 
theDisplay = printLayout.GetDisplay 
theDisplay.SetPageSize(11@8.5) 
theDisplay.SetGridActive(true) 
theDisplay.SetUsingPrinterMargins(true) 
thePageExtent = theDisplay.ReturnPageExtent 
thePageOrigin = thePageExtent.ReturnOrigin 
 
'ADDS THE VIEW TO THE DISPALY 
'SETS THE COORDINATE OF THE LOWER LEFT CORNER OF A RECTANGLE 
'AT (1,2) INCHES ABOVE THE PAGE ORIGIN 
theRectOrigin = thePageOrigin + (1@1.5) 
    
'CREATES A RECTANGLE THAT WILL CONTAIN THE VIEWFRAME 
aRect = Rect.Make(theRectOrigin,(7@5.5)) 
theVFrame = ViewFrame.Make(aRect) 
    
'ADD AN EXISTING VIEW, choiceView, THE VIEWFRAME 
theVFrame.SetView(theProject.FindDoc("Output"), true) 
    
'ADD THE VIEWFRAME TO THE LAYOUT 
printLayout.GetGraphics.Add(theVFrame) 
       
'ADDS A NEATLINE TO THE LAYOUT 
aRect = theVFrame.GetBounds 
theNeatline = GraphicShape.Make(aRect) 
printLayout.GetGraphics.Add(theNeatline) 
 
'ADDS A TITLE TO THE LAYOUT 
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theGText = GraphicText.Make("Results of Ranked Environmental Factors", 
thePageOrigin + (0.8@7.5)) 
theGText.SetAlignment(#TEXTCOMPOSER_JUST_CENTER) 
theTextSymbol = theGText.ReturnSymbols.Get(0) 
theTextSymbol.SetSize(42) 
theTextSymbol.SetFont(Font.Make("Times New Roman","Bold")) 
printLayout.GetGraphics.Add(theGText) 
    
'ADD A SCALE BAR TO THE LAYOUT 
aRect = Rect.Make(thePageOrigin + (4.5@0.5), (1@2)) 
theSbFrame = ScaleBarFrame.Make(aRect) 
theSbFrame.SetViewFrame(theVFrame) 
theSbFrame.SetStyle(#SCALEBARFRAME_STYLE_TEXT) 
theSbFrame.SetTextRatio (theProject.FindDoc("Output").ReturnScale) 
printLayout.GetGraphics.Add(theSbFrame) 
 
'ADDS A HEADING TO THE SCALE RATIO 
theGText = GraphicText.Make("Scale", thePageOrigin + (4.55@0.9)) 
theGText.SetAlignment(#TEXTCOMPOSER_JUST_CENTER) 
theTextSymbol = theGText.ReturnSymbols.Get(0) 
theTextSymbol.SetSize(20) 
theTextSymbol.SetFont(Font.Make("Times New Roman","Bold")) 
printLayout.GetGraphics.Add(theGText) 
    
'ADD A LEGEND TO THE LAYOUT 
aRect = Rect.Make(thePageOrigin + (8@3), (2.5@3.5)) 
theLegendFrame = LegendFrame.Make(aRect) 
theLegendFrame.SetViewFrame(theVFrame) 
printLayout.GetGraphics.Add(theLegendFrame) 
 
'ADD THE ASSOCIATED TABLE OF RANKINGS TO THE LAYOUT 
aRect = Rect.Make(thePageOrigin + (8@0.25), (3@2.5)) 
theTableFrame = DocFrame.Make(aRect,Table) 
theTableFrame.SetFramedDoc (theProject.FindDoc(theVisThemes.Get(2).AsString)) 
printLayout.GetGraphics.Add(theTableFrame) 
 
'ADD A NORTH ARROW TO THE LAYOUT 
aRect = Rect.Make(thePageOrigin + (3@0.5), (1@1)) 
theNArrow = NorthArrow.Make(aRect) 
'DISPLAYS THE NORTH ARROW MANAGER 
okToAdd = theNArrow.Edit({}) 
if (okToAdd) then 
   printLayout.GetGraphics.Add(theNArrow) 
   end 'if then 
printLayout.Invalidate 
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'RESIZES THE TABLE TO THE BEST SIZE ON THE LAYOUT 
theProject.FindDoc(theVisThemes.Get(2).AsString).GetWin.Open 
theProject.FindDoc(theVisThemes.Get(2).AsString).GetWin.Resize (343,400) 
printLayout.GetWin.Maximize 
 
 

A.5 TomPrintClose 

'THIS SCRIPT CLOSES THE UserLayout CREATED BY THE TomPrintOpen 
SCRIPT. 
'IT ALSO SETS THE LEGEND BACK TO THE GRAY-RED COLOR RAMP, IF THE 
USER 
'SELECTED BLACK AND WHITE PRINTING 
 
'VARIABLES: 
   'theProject = SHORT CUT FOR av.GetProject 
   '_bwPrint = BOOLEAN VARIABLE THAT IS TRUE BLACK AND WHITE  

          PRINTING 
   'theTheme = THE SECOND VISIBLE THEME IN THE "Output" VIEW 
   'theLegend = THE LEGEND OF theTheme 
   'theColorRamp = THE GRAY-RED COLOR RAMP 
 
 
theProject = av.GetProject 
theVisThemes = List.Make 
theVisThemes = theProject.FindDoc("Output").GetVisibleThemes 
 
'SETS THE COLOR RAMP BACK TO GRAY-RED AND CLASSES TO 15 
if (_bwPrint) then 
  theTheme = theVisThemes.Get(2) 
  theLegend = theTheme.GetLegend 
  theLegend.SetLegendType(#LEGEND_TYPE_COLOR) 
  theLegend.Interval(theTheme,"Value",15) 
  theColorRamp = 
SymbolList.GetPreDefined(#SYMLIST_TYPE_COLORRAMP).Get(12) 
  theLegend.GetSymbols.RampSavedColors(theColorRamp) 
  theTheme.UpdateLegend 
  _bwPrint = False 
end 
 
'CLOSES EVERYTHING 
theProject.CloseAll 
theProject.GetWin.Minimize 
 
'OPENS AND MAXIMIZES THE "Output" VIEW 
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theProject.FindDoc("Output").GetWin.Open 
theProject.FindDoc("Output").GetWin.Maximize 
 
 

A.6 TomProjectClose 

'THIS SCRIPT CLOSES THE PROGRAM WITHOUT ASKING THE USER IF THEY 
WANT TO 
'SAVE THE PROJECT 
 
'VARIABLE: 
   'theProject = SHORTCUT FOR av.GetProject 
 
 
theProject = av.GetProject 
 
theProject.Close 
 
av.Quit 
 
 

A.7 TomRankandCombineGrids 

'THIS SCRIPT IS THE MAIN CALCULATING PART OF THIS PROGRAM. 
'IT ALLOWS THE USER TO RANK THE CATEGORIES THAT HE IS INTERESTED 
IN AND THEN CREATES 
'EVENLY DISTRIBUTED WEIGHTS, WHICH ARE DEFINED AT THE INTERVAL 
OF 1/N. 
'IT THEN MULTIPLIES EACH GRID BY ITS WEIGHT AND ADDS ALL THE 
SELECTED GRIDS TOGETHER. 
'FINALLY, IT ADDS THE NEW GRID TO THE "Output" UserView, SETS THE 
CLASSES TO 15, SETS 
'THE COLOR RAMP TO GREY-RED, MOVES THE "lowcog.shp" THEME TO THE 
TOP OF THE THEME 
'LIST, AND CREATES A TABLE THAT STORES THE RANKING ORDER IN IT. 
 
'VARIABLES: 
   'theProject = THE SHORTCUT FOR av.GetProject 
   '_uniqueID = A COUNTING VARIABLE TO DESTIGUISH EACH THEME FROM  

             EACH OTHER 
   'theNGrid = THE "NormalGrid" View 
   'theOutput = THE "Output" UserView 
   'theNThemes = THE THEMES FOUND IN THE "NormalGrid" View 
   'gridList = A LIST OF THE GRIDS FOUND IN THE "NormalGrid" View 
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   'gridNames = A LIST OF THE NAMES OF THE GRIDS FOUND IN THE  
 "NormalGrid" View 

   'Counted = THE NUMBER OF ITEMS FOUND IN gridList - 1 
   'weightIndex = A DICTIONARY OF GRID NAMES AND THE RANK/WEIGHTS  

   ASSOCIATED WITH THEM 
   'tempGridList = A TEMPORARY LIST OF THE GRID NAMES FOUND IN  

     weightIndex 
   'mC = A LIST OF ABBREVIATIONS USED IN THE MSGBOX LINE 
   'mC2 = A LIST OF ABBREVIATIONS USED IN THE MSGBOX LINE 
   'mT1 = A VARIABLE TO LIMIT THE LENGTH OF THE MSGBOX LINE 
   'mT2 = A VARIABLE TO LIMIT THE LENGTH OF THE MSGBOX LINE 
   'mt3 = A VARIABLE TO LIMIT THE LENGTH OF THE MSGBOX LINE 
   'userChoice = A VARIABLE THAT LISTS THE USERS CHOICE OF RANKED  

 GRIDS 
   'theRatio = THE RATIO THAT INTERVAL THAT IS THE DIFFERENCE  

         BETWEEN EACH WEIGHT 
   'theWeights = A LIST OF ACTUAL WEIGHTS TO BE USED, DESCENDING  

  FROM 1 
   'theTotal = A THE TOTAL OF THE FIRST ROUND OF WEIGHTS 
   'weightKeys = A LIST OF THE GRID NAMES OUT OF THE weightIndex 
   'weightOrder = A LIST OF GRID NAMES, IN ORDER OF HIGHEST WEIGHT 
   'weightRank = A LIST OF INTEGERS, FROM 1 TO (Counted + 1) 
   'ShortList = A VARIABLE TO CONVERT THE LIST FROM GTHEME TO GRID 
   'NewGrid = THE GRID RESULT FROM THE GRID ADDITION 
   'theNewTheme = THE GRID THEME THAT IS CREATED FROM THE NewGrid 
   'theLegend = THE LEGEND OF theNewTheme 
   'theColorRamp = THE COLOR GREY-RED COLOR RAMP 
   'theThemes = THE THEMES FOUND IN THE "Output" UserView 
   'theVtab = THE VIRTUAL TABLE CONSTRUCTED TO HOLD THE RANKINGS 
   'myTable = THE TABLE CREATED FROM theVtab 
   'rankField = THE FIELD CONTAINING weightRank IN myTable 
   'factorField = THE FIELD CONTAINING weightOrder IN myTable 
   'rec = THE SHORTCUT FOR theVTab.AddRecord 
 
 
theProject = av.GetProject 
theNGrid = theProject.FindDoc("NormalGrid") 
theOutput = theProject.FindDoc("Output") 
theNThemes = theNGrid.GetThemes 
_uniqueID = _uniqueID + 1 
 
'GET THE LIST OF GRIDS TO MULTIPLY 
gridList = List.Make 
gridNames = List.Make 
for each item in theNThemes 
  if (item.Is(Gtheme)) then 
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    gridList.Add(item) 
    gridNames.Add(item.GetName) 
  end 
end 
 
'ALLOWS THE USER TO SELECT ORDER OF LAYERS FOR WEIGHTING 
Counted = gridList.Count - 1 
weightIndex = Dictionary.Make (15) 
tempGridList = List.Make 
tempGridList = gridList.DeepClone 
mC = List.Make 
mC2 = List.Make 
mC = {"","2nd","3rd","4th","5th","6th","7th","8th","9th","10th","11th","12th"} 
mC2 = {"13th","14th","15th","16th","17th","18th","19th","20th","21st","22nd","23rd"} 
mC = mC + mC2 
mT1 = ") Enter the " 
mT2 = " most important environmental criteria:" 
mT3 = "Select Weights" 
'COLLECTS THE USERS ENTRIES AND CHECKS FOR CANCELATIONS 
for each i in 0..Counted 
  userChoice = 
MsgBox.ChoiceAsString(tempGridList,(i+1).AsString+mT1+mC.Get(i)+mT2,mT3) 
  if (userChoice = nil) then 
    if (i = 0) then 
      _uniqueID = _uniqueID - 1 
      return nil 
    else 
      Break 
    end 
  else     
    weightIndex.Add (userChoice.AsString, (i + 1)) 
    tempGridList.Remove (tempGridList.FindByValue (userChoice)) 
  end   
end 
Counted = weightIndex.ReturnKeys.Count - 1 
 
'CREATES theWeights WITH EVENLY DISTRIBUTED WEIGHTS THAT ADD UP 
TO 1 
theRatio = 1/(Counted + 1) 
theWeights = List.Make 
theWeights.Add (1) 
theTotal = 1 
for each i in 1..Counted 
  theWeights.Add (1 - (theRatio * i)) 
  theTotal = theTotal + theWeights.Get(i)  
end 
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for each i in 0..Counted 
  theWeights.Set (i, (theWeights.Get(i)/theTotal)) 
end 
 
'REPLACES THE RANKS IN weightIndex WITH THE WEIGHTS IN theWeights AND 
'PROPERLY ORDERS THE weightOrder 
weightKeys = List.Make 
weightKeys = weightIndex.ReturnKeys 
weightOrder = List.Make 
weightRank = 1 
for each i in 0..Counted 
  t = 0 
  while (True) 
    if (weightIndex.Get(weightKeys.Get(t)) = (weightRank)) then 
      weightOrder.Add(weightKeys.Get(t)) 
      weightIndex.Set(weightKeys.Get(t), theWeights.Get(weightRank - 1)) 
      weightRank = weightRank + 1 
      Break 
    else 
      t = t + 1 
    end 
  end 
end       
 
'CONVERT THE LIST FROM GTHEME TO GRID 
ShortList = List.Make 
for each i in 0..Counted 
  Shortlist = 
Shortlist.Add(gridList.Get(gridNames.FindByValue(weightOrder.Get(i))).GetGrid) 
end 
 
'EXECUTE THE ADDITION 
NewGrid = ShortList.Get(0) * weightIndex.Get(weightOrder.Get(0)) 
if (Counted >= 1) then 
  for each i in 1..Counted 
    NewGrid = NewGrid + (ShortList.Get(i) * weightIndex.Get(weightOrder.Get(i))) 
  end 
end 
 
'ADD NEW THEME TO THE VIEW 
theNewTheme = GTheme.Make(NewGrid) 
theNewTheme.SetName("Combined Grid" + _uniqueID.AsString) 
theOutput.AddTheme(theNewTheme) 
 
'SETS THE NEW THEMES COLOR RAMP AND CLASSES 
theLegend = theNewTheme.GetLegend 
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theLegend.SetLegendType(#LEGEND_TYPE_COLOR) 
theLegend.Interval(theNewTheme,"Value",15) 
theColorRamp = 
SymbolList.GetPreDefined(#SYMLIST_TYPE_COLORRAMP).Get(12) 
theLegend.GetSymbols.RampSavedColors(theColorRamp) 
theNewTheme.UpdateLegend 
 
'MOVES THE Lowcog Bound AND THE Major Roads TO THE TOP OF THE 
THEMES LIST 
theThemes = theProject.FindDoc("Output").GetThemes 
theThemes.Shuffle (theThemes.Get(1), 0) 
theThemes.Shuffle (theThemes.Get(2), 1) 
theProject.FindDoc("Output").InvalidateTOC(nil) 
 
'CREATE THE TABLE OF CHOICES ASSOCIATED WITH THEME 
theVtab = Vtab.MakeNew(("C:\"+theNewTheme.GetName + ".dbf").AsFileName, 
dbase) 
myTable = Table.Make(theVTab) 
rankField = Field.Make ("Rank",#FIELD_SHORT,5,0) 
factorField = Field.Make ("Factor", #FIELD_CHAR, 50,0) 
theVtab.AddFields({rankField,factorField}) 
for each i in 1..(Counted + 1) 
  rec = theVTab.AddRecord 
  theVTab.SetValue(rankField, rec, i) 
  theVTab.SetValue(factorField, rec, weightOrder.Get(i - 1)) 
end 
theVtab.FindField ("Factor").SetPixelWidth (290) 
theProject.FindDoc("Table1").SetName (theNewTheme.GetName.AsString) 
 
 

A.8 TomStartUp 

'THE SCRIPT USED TO INITIATE THE PROGRAM AND ITS VARIABLES 
 
'VARIABLES: 
   '_UniqueID = A GLOBAL VARIABLE THAT MAKES EACH GRID CREATED  

  UNIQUE 
   'theOutput = THE SHORTCUT TO THE "Output" UserView 
 
 
_UniqueID = 0 
 
'OPENS AND MAXIMIZES THE "Output" UserView 
theOutput = av.GetProject.FindDoc ("Output").GetWin 
theOutput.Open 
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theOutput.Maximize 
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APPENDIX B 

 

COMPUTER MODEL USERS GUIDE 

 

B.1 Basic User Interface and Program Start Up 

 In order to begin the program, first, the computer being used must have ESRI’s 

ArcView 3.1 and Spatial Analysis installed.  Then, make sure that the CD ROM drive is 

assigned to the “d” letter.  If this is not the case, the program will be unusable, unless it 

can be copied on to the “d” drive.  If the above two conditions are met, then the program 

may be started by double clicking the file “eanalyzer.apr” in MS Explorer, or by loading 

ArcView and open the file through its open dialog box. 

 When the program first opens the screen shown in Figure B1 will be displayed.  

The first thing that the user needs to do is familiarize themselves with the user interface.  

There are three main parts to this interface.  The first is the section that displays the visual 

output, or map, which is called the view.  The section directly to the left of the view is the 

legend.  The legend lists all the themes, or map layers, in the view.  The final section, 

which is similar to all windows programs, is the pull down menu and toolbars.  Another 

important object, which is on the same line as the toolbar, is the scale meter and 

coordinate listing.  Scale is a representation of the difference between the map displayed 

on the screen and reality.  The type of scale shown here is a ratio scale, which is the 
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proportion of one unit on the screen to the number of units in reality.  For example, at a 

scale of 1:100,000, one inch on the screen would be equal to 100,000 inches in reality. 

 The legend section of the display controls what is visible in the view.  It has a 

complete list of themes in the view, in the order in which they overlay each other.  When 

the program is first started, there are two themes in the view, one is an outline of the 

Lowcountry COG and the other is the major roads in the area.  As one generates output 

maps, though, the theme list will be important because the order in which they are listed 

is exactly how they are laid down on the screen.  Therefore, if one theme is lower than 

another, it will be below it in the view.  Equally important is the little box at the top left 

hand corner of each theme, as this check box sets whether the theme is visible or not.  If 

the box is checked, then the theme is visible, if not, then it is invisible.  Finally, if one 

clicks anywhere on a theme but its visibility box, then that theme becomes active.  This 

has implications for the zoom features, which will be mentioned later.  

Figure B1:  Screen Visible Upon Entering the Program
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The pull down menu, featured at the top of the screen, will be the first ones 

discussed here.  The menus available, from left to right, are “File,” “Zoom,” and “Print.”  

Under the File Menu, there are two choices, “New Ranking” and “Exit.”  The New 

Ranking command will allow the prioritization of the various environmental criteria 

stored in the database.  The specific functionality of this module will be explained in a 

later section of this chapter.  The Exit command will shut down the program and 

ArcView, clearing your computer of the stored data.  Consequently, make sure to 

complete any exercises and associated printing, as the program exits without saving any 

work. 

 The Zoom Menu contains the functions necessary to manipulate the view shown 

on the screen.  The options under this menu are, “Full Extent,” “Zoom In,” “Zoom Out,” 

“Zoom to Themes,” and “Zoom Previous.”  The Full Extent command will decrease the 

scale to a point where all themes in the view are completely visible.  This is a quick way 

to view the entire Lowcountry COG at one time.  The Zoom In command makes the scale 

of the display larger, much like increasing the power of a microscope.  If this command is 

selected, it will zoom in by a factor of 1.25.  Using this command, ArcView will maintain 

the center point of the screen and the view will zoom in around it. Conversely, if the 

Zoom Out command is selected, ArcView will zoom out by a factor of 1.25, also 

maintaining the center point of the screen.  The fourth command, Zoom to Themes, will 

only become available if there is an active theme selected, which was mentioned above.  

If there is an active theme, selecting this option will alter the scale of the view so that the 

entire theme is visible.  The last command, Zoom Previous, only becomes available once 
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the view has already been zoomed in or out.  This command returns the view to the 

previous scale. 

 The last pull down menu available on the starting screen is the Print Menu.  This 

Menu has two choices, “Print Theme” and “Print Setup.”  Selecting the Print Theme 

command will open the layout, or printing screen.  This option will be covered later in the 

chapter.  The second option, Print Setup, opens the printing setup dialog box, which lists 

printing and printer options.  The paper orientation in this dialog box must be set to 

landscape or when the view is printed, it will run off the side of the paper.  Also, use 

standard letter paper, 8.5” by 11”, as that is the size to which the layouts will print. 

Figure B2:  Program Button Descriptions 

Full
Extent

Zoom In Zoom Out

Zoom Previous

Zoom to
Themes

Zoom Out
(tool)

Zoom In
(tool)

Pan Measure

 The next level of program functionality occurs with the buttons, which appear 

below the pull down menus.  The location of the buttons and their description appears in 

Figure B2.  The top row of buttons reproduces the functionality of the commands located 

in the Zoom menu.  For a description of these commands, please see the discussion 

above. 
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The bottom row of buttons also performs modifications on the view display.  

However, these buttons all modify the mouse pointer used in the program.  The first 

button is the Zoom In Tool.  When this button is depressed and the left mouse button is 

held down, one can draw a rectangle on the view.  ArcView will then calculate the scale 

of that rectangle and zoom in to its extent.  The second button, the Zoom Out Tool, 

performs a similar function, but zooms out.  With both of these tools, if one simply clicks 

on the screen, ArcView will zoom in or out exactly as if you selected the Zoom In or 

Zoom Out command.  However, the center of the view will be where the mouse button 

was depressed. 

The third button in the bottom row is the Pan Tool.  With the Pan Tool, one can 

depress the mouse button and move the screen around exactly as if someone was moving 

a paper map.  This does not change the scale of the view, just moves around in it.  The 

final button is the Measure Tool.  This tool, once depressed, will create a line that can be 

moved around the screen.  The length of this line will be expressed in meters on the 

bottom left part of the screen.  Depressing the mouse button again will lock the first line 

segment in place and allow a new segment to be moveable.  The bottom part of the screen 

will display the length of the line segment on the left and the length of the whole line on 

the right.  To clear the measurements, simply double-click the left mouse button. 

 

B.2 Ranking Procedure 

 If one selects the New Ranking Command under the File Menu, the program 

begins the ranking module.  The first thing that happens here is that a dialog box appears 

and asks the user to “Enter the most important environmental criteria.”  Below that is a 
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scrolling list box, which displays the environmental criteria located in the database.  This 

list includes all the variables discussed in Chapter 3.  From this scrolling list box, the user 

selects the environmental criterion that is most important to them and selects “Ok.”  Once 

this is done, the dialog box then asks the user for the second most important criteria.  One 

can repeat this process as long as they wish, ranking the criteria based on their personal 

importance.  This can continue until either all the data layers have been ranked or the user 

does not wish to rank any further.  If this latter case is true, the user simply presses cancel 

and the program will calculate the results based on the number of layers selected.  Either 

way, the computer will begin to calculate the output grid based on the methodology 

outlined in Chapter 2.  In order to see the whole list of data layers at one time, one needs 

to resize the dialog box to make it longer. 

 At this point in the discussion, analysis of how the program calculates the weights 

is important.  The weight for each selected layer is calculated based solely on how many 

data layers are selected.  Once this is known, the program creates the weights to meet two 

factors, that each weight is equidistant from the weights surrounding it and that all the 

weights add up to one.  For example, if the user selected four data layers, the weights, in 

order of importance, would be 0.4, 0.3, 0.2, and 0.1. 

This method was selected for its simplicity, functionality, and the ability to 

normalize the output layers from one to zero.  However, its use also has two important 

implications.  The first is that the more data layers that are selected, the closer each 

weight becomes to each other.  For example, if two data layers are selected, then the 

distance between each is 0.33, but if ten are selected, the distance is 0.02.  The second 

implication is that the users may not set the weighting themselves.  Therefore, if a 
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planner wanted two criteria to receive the same weighting, they could not.  The program 

was created this way to avoid the extra complexity of user-assigned weighting and the 

extra political bickering that goes with it. 

 Once all the data layers the user has selected have been ranked and weighted, the 

program generates a composite map.  These grids are labeled in the consecutive order in 

which they were produced.  For example, the first grid produced will have the name 

“Combined Grid 1.”  This process is used so that the users can differentiate between 

different iterations of the program.  Once a composite map has been produced, to view it, 

the user must check the visibility box mentioned above.  Once this is done, the user will 

see a gray to red map listing the development scores of each grid cell in the map.  The 

closer the score is to one, or the redder it is, the more ideal development will be there. 

 A major advantage of this program is in its iterative simulation property.  Once 

one composite map is produced, another can be created and compared to the first.  This 

process can continue as long as the user wishes to do so.  In order to compare the output 

grids to each other, one would make sure that the grid that the user wishes to see on top 

of the theme list, which is located on the right side of the view.  This is because the first 

theme in the list is placed on top of the view, then the second and the third, and so on.  

Next, the grid should be checked as visible.  Since multiple grid layers are generated that 

completely cover the old ones, it is advisable to only make one of them visible at a time.  

This allows one to ignore the order in which the grids are listed as well as reduce the time 

the program spends on projecting the screen. 
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B.3 Printing Options 

 When at least one composite map has been produced, the user may print the 

output.  This is done by selecting the Print Theme command under the Print Menu.  

When this command is activated, the printing module will select the visible output grid 

closest to the top for printing.  This means that if the map that the user wishes to print is 

not visible, or below another visible theme, the program will not print the desired grid. 

The printing module next asks the user if one wants to print in black and white.  If 

this option is selected, the module will temporarily change the color ramp the grid is 

displayed in to a gray scale.  In this case, the lightest gray will be assigned to the highest 

development scores and the darkest gray will be given to the lowest values.  This change 

is enabled temporarily, so when the printing screen is closed, the color ramp is changed 

back to its original format.  If one has access to a color printer, do not use the black and 

white printing option. 

 The program next asks the user to choose a north arrow.  Once this is done, the 

printing module will produce a layout screen.  This is a visual display of what will be 

produced from the printer.  There are several important features on the layout.  The first 

is the legend, which is displayed to the right of the view frame.  This is an important 

reference point to the development map shown in the view frame.  The next most 

important part of the layout is the scale, which is listed as a ratio, below the view frame.   

Finally, there is a table that shows the order the user ranked the environmental data 

layers, which is displayed in the bottom right-hand corner of the layout.  This should 

assist the user if he ever need a reference point in which to compare this layout to others. 
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 From the layout view, the user can now print the layout by selecting the Print 

command from the Print Menu or by pushing the button with the printer on it.  However, 

before the user does this, please check to see that the printing requirements mentioned 

above are met.  If this is not done, the printout will usually be incorrectly displayed in 

portrait style.  These options can be altered in the Print Setup command under the Print 

Menu.  Regardless, once the user is finished with this screen, all he needs to do is select 

the Close command under the Print Menu and he will be returned to the output view, with 

the theme being reverted back to the gray-red color display. 

 

B.4 Exiting the Program 

 Once the user is finished with the program, all one needs to do is select the Exit 

command, located under the File Menu in the output view.  This will close the program 

and ArcView.  However, as was mentioned earlier, this option does not allow the saving 

of any data.  Consequently, remember to print out all composite maps the user wishes to 

save, as they will become unavailable after the program is closed down.  Also, the 

program will leave some small residual tables in the root directory of the computer’s “c” 

drive.  These tables do not take up much space, but they can be easily deleted if the user 

desires. 
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APPENDIX C 

 

ADDITION AND DELETION OF DATA LAYERS 

 

C.1 Steps to Add Data Layers 

 There six steps that the user must follow in order to add data layers to this 

program.  These steps are outlined in Figure C1.  This discussion will follow each step, in 

the order listed, and outline how each is performed. 

1) Gather Spatial Data

2) Apply Grid Function

3) Apply Conversion Function

4) Add Grid to the 
normalgrids File Folder

5) Add grid to the 
NormalGrids View

6) Save the eanalyzer Project

Figure C1:  Steps to Add Data Layers
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 The first step that must be done is to gather the data.  Please make sure that the 

data was created in the 1:100,000 scale and with the UTM, Zone 17, map projection.  If 

this is not the case, any results gained from the data layer’s inclusion will be incorrect.  

The only exception to this rule is point and other small themes that were developed in the 

1:24,000 scale.  These can be included because they are more precise than the 1:100,000 

scale, but remain small enough to be used by the program. 

 The second step needed is that a grid function must be performed on the data.  

This grid function can be any the user would like, but should be something that is 

meaningful to the project’s objective.  When the grid function is performed, the user 

needs to make sure that the grid cell size is 250 meters and that the grid extent is the same 

as the Lowcountry COG boundary.  If this is not done, data could be lost in the additive 

overlay process.  Also, this step, and the next one, should not be performed in the 

eanalyizer project.  If these steps are performed in there, make sure to delete all the 

intervening data layers, or they will take up space in the project. 

 The third step in this process is to apply the conversion function to new data layer.  

This function must be able to convert the whole grid into a range of one through zero.  As 

was mentioned in Chapter 2, this function should give the most ideal scores the value of 

one and the least ideal, a value of zero.  This can be done through the map calculator or 

through a grid reclassification.  The actual conversion function can be as simple or 

complex as the user wishes.  However, please remember that the function, and its design, 

must be both defensible and should be consistent with the goals of this project. 

 The fourth step in the process is to add the resulting grid to the “normalgrids” 

folder found under the “d” drive.  This is done for purely organizational purposes.  All 
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the normalized grids have been placed in this folder for ease of retrieval.  Also, in order 

to keep the grids defined, it would make sense to give the grid a name that the user can 

easily recognize.  The author has begun each grid name he developed with the letter “n,” 

but this is not required for proper program functionality. 

 The fifth step is to add the new data layer to the NormalGrids View, in the 

eanalyizer program.  The program accesses this view in order to list the available grids 

the user can rank.  If the theme is not added to this view, then the new data layer will be 

unavailable for prioritization.  It is also important to change the new theme’s name to 

something that is recognizable.  The theme’s name is the title that will be listed in the 

ranking grids dialog box and it should be something that will have meaning to the people 

using the program.  For example, the author used descriptions such as “Distance to 

Superfund Site” and “Density of Industrial Air Releases.” 

 The last step necessary in order to successfully add the data layer to the model is 

to save the program.  If this is not done, the changes will not be available for the next 

user of the program.  An important note here is that if the user immediately begins testing 

the new data layer with the ranking process, and he exits through the Exit command, the 

data will not be saved.  As was explained earlier, as this command closes ArcView 

without allowing the user to save data. 

 

C.2 Steps to Remove Data Layers 

 There are only two steps to removing a data layer from the program, which is 

much simpler than adding data layers.  The first thing that must be done is to delete the 

data layer theme from the NormalGrids View, in the eanalyzer project.  Once this is done, 
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the grid will not appear in the ranking dialog list anymore.  The second step is to save the 

project.  Remember to keep the factors mentioned above in mind when saving the project.  

Additionally, the user may wish to delete the grid from the normalgrids file folder under 

the “d” drive.  However, while this may save space, it will permanently prevent anyone 

else from later adding that grid back to the project. 
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