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 The world currently has more people living in cities than in rural areas.  In the 

United States this is no exception, and as a result government policy is focusing on the 

supply of ‘green’ jobs that help repair and expand its infrastructure in an attempt to help 

curb non-renewable resource use.  The expansion of public transportation throughout the 

country is one facet of the multi-pronged US government policy.  In the tri-county area of 

South Florida (Palm Beach County, Broward County, and Miami-Dade County) a 

research study known as the South Florida East Coast Corridor Transit Analysis 

(SFECCTA) entered Phase 2 in January 2009.  This study looks at incorporating the FEC 

freight corridor which transverses the downtown areas of 47 cities into a major North-

South commuter system.  This system would also supplement the existing commuter Tri-

Rail corridor. 
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The proposed methodology in this manuscript attempts to address the issue of 

providing an adaptable, efficient and convenient public transportation in a low to medium 

density environment where the automobile is the preferred mode of travel. Emphasis is 

placed on connecting existing origin and destination locations in and around the greater 

West Palm Beach metropolitan area in Palm Beach County, FL.  The goal of the 

methodology is to establish potential routes that will connect high amounts of residence 

to places of social interaction, consumption, employment, and the proposed SFECCTA 

regional transportation system with Light Rail Transit as the end goal.  As a result the 

proposed corridors focus on creating dedicated and shared right of ways that already exist 

via the road network.  The discussion and conclusion provide methodology successes, 

improvements, and economic development recommendations. 
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1.0 INTRODUCTION 
 

In the first decade of the 21st century the world transitioned to having more people 

living in cities than in rural areas (U.N., 2008).  As a result proper planning of urban 

areas needs to be done on all levels to ensure a sustainable way of life, economy, and 

environment. An important facet of achieving this sustainability is developing a 

comprehensive well thought out national, regional, and local public transit system.  

In the United States there has not been a strong focus on public transit since 

around the time of World War II.  The decline in public transit passengers began after 

1935 when there were 7.3 billion passengers.  By the year 1958 there were 0.6 billion per 

year (Lombart, 1982).  Given this rapid decline, countered by the rapid rise in the 

automobile, it was not in the interest of urban and transportation planners, the economy, 

and politics to focus on developing a more comprehensive public transit system.  The 

goal then was to build more roads, highways, and parkways that utilized the automobile. 

The approach of endless road building has slowed down significantly as it is 

unsustainable, uneconomical, and not environmentally friendly.  In 2005 the US 

Committee on Commerce, Science, and Transportation gave a report to the Senate’s 109th 

Congress that increases in highway and aviation congestion, rising fuel costs, available 

rail capacity, and the minimal environmental impacts of intercity passenger rail have
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made the service a growing and increasingly important part of the nation’s multi-modal 

transportation system.   

The vast expanse of roads and heavy reliance on the automobile has been a 

concern for the state of Florida and the Treasure Coast Regional Planning Council since 

1995.    In the Treasure Coast Regional Planning Council’s (TCRPC) 1995 report on 

regional transportation they cite Florida Department of Transportation’s 1995 statement 

of “The existing transportation network is designed for the automobile. The Region's 

growth and development patterns have created demands for highways that have exceeded 

government's ability to meet expanded capacity requirements” (TCRPC, Regional 

Transportation, p. 7-2). The TCRPC then goes on to formulate that the region's rapid 

growth is the primary reason for the backlog. This rapid horizontal growth has created 

low-density development patterns which have further increased auto-dependency, vehicle 

trips, trip lengths, vehicle miles traveled, and ultimately, the demand for more and larger 

highways. This low-density pattern of development is also extremely difficult and 

expensive to serve with public transportation. 

Traffic congestion makes matters worse by directly hitting the pockets of 

residents of the Tri-County area; Miami-Dade County, Broward County, and Palm Beach 

County.  Estimates in 1990 dollars had traffic congestion and delays costing $970 million 

in the Miami Urban Area and $300 million in the Ft. Lauderdale urban area.  These 

delays also have had negative economic impacts on the airports and seaports in the 

region. This heavy reliance on the car has affected not only personal household income, 

but how the government generates its income (TCRPC, Regional Transportation, p. 7-3):  
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The Region's current transportation system places an inordinate burden on 
the family budget. Household expenditures for transportation are nearly 25 
percent of the family budget, with many households allocating more for 
private transportation expenditures than they do for food or shelter. For 
most families, ownership of an automobile has become a prerequisite to 
survival, and ownership of multiple vehicles is necessary for a reasonable 
quality of life. The disproportionate amount of money families must spend 
to move around in this Region is a result of flawed transportation, land 
use, and fiscal policy. More importantly, it limits a person's ability to 
afford housing, absorb tax increases, liberate themselves from government 
support and subsidies, access employment opportunities, and add money 
to the mainstream economy. 

 

Due to reasons like the above new 21st century residents of the South Florida area cannot 

operate sustainably under these conditions and parameters. 

 As a result the Florida Department of Transportation embarked on a study to 

analyze the use of the Florida East Coast (FEC) Railroad Corridor in addressing these 

aforementioned issues.  In January 2009 the study known as “South Florida East Coast 

Corridor Transit Analysis (SFECCTA)” entered Phase 2.  As part of Phase 1 they found 

that current highway capacity east of I-95 is overburdened and airports have poor 

connectivity with existing transit. As a result a project in the study area needs to be 

conducted that will integrate the highway and transit system with direct connections to 

seaports, existing nodes, and airports (Seeburger, 2009). 

1.1 Objective 
 

 Can a methodology be designed, that is reproducible, to assess the feasibility of a 

Light Rail Transit system in a low to medium density environment when compared 

against a personal automobile and the existing public transportation system?  The 

following proposed methodology in this manuscript attempts to answer this question by 
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addressing the issue of providing an adaptable, efficient and convenient public 

transportation system in a low to medium density environment where the automobile is 

the preferred mode of travel. Emphasis is placed on connecting existing origin and 

destination locations in and around the West Palm Beach City metropolitan area in Palm 

Beach County, FL.  The goal of the methodology is to establish an overarching system 

with potential routes that will connect high amounts of residence to places of social 

interaction, consumption, employment, and the proposed SFECCTA regional 

transportation system, with Light Rail Transit as the end goal.   

As a result the proposed corridors focus on creating dedicated and shared right of 

ways that already exist via the road network.  This will theoretically aid in alleviating the 

congestion problems associated with suburban sprawl and daily traffic congestion.  

Additionally it should have incalculable positive economic and social impacts on the 

immediate community and region (Henry, 1988).  The discussion and conclusion provide 

methodology successes, improvements, and economic development recommendations. 

1.2 What is LRT? 
 

 Many people hear the term LRT or the phrase Light Rail Transit and become 

baffled by what it could be.  Images come to mind of a simple street car that may look 

like a trolley or tram car. Others think of it as subway, elevated rail or monorail.  In fact it 

is none of these descriptions, and as a result of these misconceptions LRT (Figure 1) has 

gone unnoticed by the US public for decades.  Europe however has proven LRT can be 

the most versatile form of public transportation and cost efficient based on capacity, 

speed, and infrastructure (Tolmach, 1982).  Looking at the successes and failures of 
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European LRT models can help aid in greater, more efficient successes in the United 

States.   

5 

Figure 1 is a prime 

example of the cost efficiency, 

capacity, and adaptive ability of 

LRT.  This picture is of a transit 

stop built strictly for the F.C. 

Cologne soccer team’s stadium 

in Cologne, Germany.  It is cost 

efficient because it reaches 

maximum capacity which 

makes for a good profit on tickets.  It is easily adaptable to meet the demand of a special 

event by adding extra LRT units to the established route in order to meet that higher 

amount of ridership.   

Figure 1.  LRT Cologne, Germany (Author, 2008) 

In this case the LRT units are better than buses or any other mode of 

transportation because a LRT car can hold a maximum of 100 people. In Figure 1 there 

are two cars for a capacity of 200 people and one driver per unit.  One LRT unit was 

passes the respective route every 5 minutes.  The LRT was then loaded to full capacity by 

the final stop at the stadium. 

In order for a bus, which has a max capacity of 60 people, to meet the ridership 

demand in this situation a bus would have to come by roughly every minute.  This would 

also increase the labor and fuel cost by having at least 3 bus drivers and 3 buses 

 



 

compared to the 1 LRT driver and 1 LRT engine.  The buses would also share the road 

with the other cars creating more traffic congestion.   

In addition the LRT transit stop is right in front of a parking garage which shows 

how it can easily be linked into a multi modal system.  This picture also addresses how 

close LRT units can get to buildings and existing infrastructure without interrupting or 

creating easements.  LRT units also produce less noise and fumes from the engine which 

increases LRT’s attractiveness when used in compact environments.  

 Creating facilities for LRT is also simple and cheap in comparison to many other 

forms of public transportation.  For example, a LRT unit can share the same gauge track 

as heavy rail and can be funneled onto existing track and use existing facilities or be 

integrated into proposed mixed modal use facilities.   

6 

When facilities need to be built for the LRT system, they typically are no more 

than a slab of concrete roughly 

235 ft. long by 40 ft. wide, which 

accompanies track in each 

direction and platforms on both 

sides.  Additionally they can fit 

at any intersection as tracks can 

be built to make 90 degree turns 

as seen in Figure 2.  The LRT 

unit is typically only 10 feet 

wide and 190 feet long.  This can 

fit in almost any city block.  The measurements referenced here and seen in Figure 2 

Figure 2. LRT Size and Capabilities (Google Earth, 2009) 
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were taken of the existing structure known as Eifel Strasse in Cologne, Germany using 

Google Earth with the 2009 AeroWest imagery displayed.  This simple station 

accommodates three different LRT routes. 

In addition to the physical criteria, cost, and capacity benefits LRT can also be 

built into the road and operated on the 

street with typical car traffic.  It also 

has the ability to go below ground like 

a subway, or elevate above ground to 

cross barriers like major intersection or 

water bodies.  These last two aspects 

witnessed in Figure 3 can also be easily 

achieved in a short travel distance and 

as a result does not require large tracts of land to achieve the proper grades for going up 

or down in elevation (Tennyson, 1982).  LRT has been proven to be one of the most 

versatile forms of public transportation from the infant stage of a system to adding them 

into already well developed systems.  

Figure 3. LRT Bridge (Google Earth, 2009)

 
 

 

 

 

 

 



 

2.0 EXISTING CONDITIONS & STUDIES 
 

As seen in Map 1, the area 

under review will be limited to 

Labins Quad 2201 and the NE and 

SE Quad of 2202 in Palm Beach 

County, FL, USA.  This area is 

framed roughly by Florida’s 

Turnpike on the west side and A1A 

on the east side where both run 

north to south.  The extent of the 

east west frame is 10th Ave on the 

south side and a boundary that runs 

parallel 3 miles north of 

Okeechobee Blvd.  The Palm Beach 

International Airport falls roughly in the center of the 2201 DOQ.  The study area also 

includes the West Palm Beach Tri-Rail Station and seven proposed FEC corridor stations 

which can be seen below in Map 2.   

Map 1. Location Map 
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The seven proposed 

stations come from the South 

Florida East Coast Corridor 

Transit Analysis study. They all 

can have realigned track and 

have a station placed within a .5 

mile radius of the displayed 

node.   

Map 2. Study Area Regional Transportation Connections
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3.0 METHODOLOGY – PHASE 1 
 

In order to establish proper routes that connect the local residents and businesses 

to each other and the regional transportation nodes, two phases have been established 

composed of qualifying and non-qualifying criteria.  Qualifying criteria are defined as 

variables that must be met in order to proceed.  Non-Qualifying criteria are weights of 

variables that do not need to be met to proceed in the assessment process (Dallam et. al., 

1982). 

In phase 1 ‘Origin’ and ‘Destination’ layers will be created based on non-

qualifying criteria.  The two layers will be created in ArcGIS 9.3 based on the established 

boundaries of block group set forth by the 2000 US Census.  The ‘Origin’ layer will be 

composed of the residents of the study area community.  The ‘Destination’ layer will be 

composed of the social and economic data in the community. The boundary and contents 

of each block group will be assessed and given a weight based on the respective 

methodology described below. 

3.1 Origin Methodology 
 

 An origin layer will be created in ArcGIS 9.3 to establish clustering of the 

residents of the study area community.  This layer will address ridership demand and 

where the LRT lines should initiate from.  The clustering will be based on two variables; 

population density per acre and persons equal to or below the median household income
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per acre.  Clustering of these two variables will be discovered using the Agglomerative 

Hierarchical Cluster Analysis method.  The Agglomerative Hierarchical Cluster Analysis 

method utilizes statistical formulas in a program like SPSS on an already generated 

database file.  The clustered results from the statistical program are then joined to the 

respective shapefile where it can then be mapped spatially in ArcMap 9.3.   

For the purpose of this methodology, the amount of clusters chosen will be 

limited to five.  The study area has 137 block groups, as a result setting the parameter in 

the Agglomerative Hierarchical Cluster Analysis method to five helps ensure a proper 

calculation of clusters.  Additionally having five clusters helps create clearer boundaries 

for the origin and destination areas.  Less than or more than five clusters with the 137 

block groups tends to blur the cluster boundaries creating a lack of focus and no true area 

of interest.   Having five clusters also helps establish a weighting scale which will be 

from 1 to 5 with five being the highest density of the respective variable.  To establish the 

weight of each block group, the Agglomerative Hierarchical Cluster Analysis method 

will be run on two separate population variables, as mentioned above, which will allow 

each block group to have a maximum weight of 10. 

One variable is population density based on people per acre.  This number is 

calculated by creating a new field in the 2000 Census Summary 3 file.  The ‘POP2000’ 

attribute is then divided by the ‘acres’ attribute to give a resulting number in integer form.  

That new attribute, ‘PopDensity’, is then run through the Agglomerative Hierarchical 

Cluster Analysis. 
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The other variable used will be the median household income of Palm Beach 

County in 1999 dollars, as established by 2000 Year Census summary 3 file, which is 

$45,062.  This will include the tally of residents in each block-group in the GIS 2000 

Year Census summary 3 shapefile from the attribute fields “Less_10K” through 

“I45K_49K”.  “I45K_49K” was used to account and apply a small buffer to include and 

account for those residents along that fall along the median household income.  The tally 

is then calculated in a new field using the Field Calculator tool and is normalized by the 

‘acres’ field.  The resulting calculation is then run through Agglomerative Hierarchical 

Cluster Analysis. 

Once each block group has been assigned to a cluster based on the two variables 

mentioned above, the total weight of each block group will be calculated. An example of 

the weights could be as follows; a block group has a weight of 3 for population per acre, 

and a weight of 4 for below median household income.  This would give that block group 

a total weight of 7 out of a potential 10.  These total weights are then displayed in a 

choropleth map that is categorized by an analysis of the histogram. 

3.2 Destination Methodology 
 

 For the destination layer, economic and social features need to be standardized 

and measured.  Assigning weights in this part of the method is unlike the origin layer, 

which was formulated based on standardized data provided by the Census Bureau.  In this 

case many of these variables are impressionable and can differ depending on economic 

and societal views of the user and study area’s culture.  This will naturally affect the 

methodology described below.   
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In this case, to quantify the economic features as impartially as possible, the 

square footage of any economic asset like retail and office space will be calculated.  The 

other variable of social features, where the quantification of size is not relevant, will be 

assigned a standard weight, which is elaborated more on in its respective section, that is 

added to the economic asset clustering weight.   

3.2.1 Calculating Economic Square Footage 
 

  A field will be added to the standard 2000 US Census Bureau block group 

shapefile that will hold the total square footage of all the economic entities within each 

block group’s boundary. In order to calculate the proper square footage of each economic 

entity the lot size, number of floors, and building foot print are all taken into 

consideration.   

The lot size should include at a minimum the parking lot and the square footage 

of the building’s first floor.  The building’s parking lot is taken into consideration 

because, theoretically in an automobile oriented study area, the size of a parking lot 

reflects the economic importance of the respective business.  An example of why this 

should be done in a car oriented low to medium density environment is realized when 

comparing the importance of a big box style store to storage units.  A big box store like 

Wal-Mart typically has only one floor and relatively the same amount of floor space as a 

storage unit complex.  If the weighting schema strictly used the footprint of a building 

those two economic entities would have roughly the same impact.  However a Wal-Mart 

draws more economic importance, and as a result typically supplies more parking spots 

for their customers than a storage unit complex would.  This method is not perfect and 
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there are many exceptions, but it applies to the majority of the economic assets in a low 

to medium density study area.  

Lot size information is best obtained from a parcel shapefile.  In this case the 

parcel shapefile was acquired from both the Palm Beach County GIS database and the 

City of West Palm Beach GIS database.  At this stage all the economic entities in the 

parcel layer’s respective block group need to be identified, selected, and tallied via the 

ArcMap 9.3 interface and the summation tool.  The calculation for the block group is 

complete unless buildings are discovered to be multistoried.   

If a building is discovered to have multiple stories, once the initial lot size is 

calculated, the number of floors can be discovered via three possible methods.  The first 

would be to locate a shapefile that includes the building footprint and the number of 

floors associated with the respective building.  For the purposes of this manuscript a 

shapefile was acquired from the City of West Palm Beach’s GIS database entitled 

‘Building’.  This shapefile provided the square footage and number of floors for a less 

than a quarter percent of the economic assets in the study area. 

If a shapefile like this cannot be acquired or it does not cover your whole study 

area, Google Earth’s Street View can be utilized to discover the number of floors.  

Google Earth’s Street view can be used by going to the building in question and visually 

counting the floors of that building.  In this case, Google Earth has the majority of the 

study area viewable with its street view feature.   

14 

The third method, if the other two are unavailable, is to conduct image 

interpretation of shadows to obtain the building’s floor count.  This can be done by 

 



 

finding the standard shadow length on a known 1 story building of the imagery being 

used for image interpretation. Then measure the shadow length of the unknown building 

and divide that length, by the length of the standard shadow from the known 1 story 

building. 

Once the number of floors is discovered, the building footprint can be calculated. 

The best way to calculate the size of the building is to do heads up digitizing of the 

rooftop of the building in question via ArcMap 9.3.  In this case the rooftop is better to 

measure than the less distinguishable building foot print because the geometric area is of 

concern, not the planametric location.   

The calculated square footage of the building can then be multiplied by the total 

number of floors minus one floor.  One floor needs to be subtracted because it has 

already been included in the lot size calculations mentioned above.  The total square 

footage of the multistoried building can then be added to the total economic square 

footage of the respective block group.  

Once all the block groups have an economic square footage calculated and are 

normalized by acres to establish a comparative density, the Agglomerative Hierarchical 

Cluster Analysis method can be run.  The clustering limit should be set to five as 

described in 3.1 Origin Methodology.  As a result, each block group will be assigned to a 

cluster in reflectance of its square footage per acre.  The assigned cluster will also serve 

as the block group’s weight.  This value will then be added to calculations based on 

societal space. 
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3.2.2 Calculating and Weighing Societal Space 
 

While analyzing each block group for lot size, building size, and number of floors 

attention should be paid to discovering the social assets of the respective area.  Social 

assets can be defined as a place which a community finds important for the cohesion and 

well being of the local culture. In this study area important social assets are schools, 

parks, sports complexes, post offices, and government buildings.  These places do not 

truly fit into the economic realm, so as a result will not be calculated on square footage.  

In many instances a park covers a large area and the square footage of a school cannot be 

economically compared to the value of a Wal-Mart.  Due to the impressionable nature of 

social assets, the ones mentioned above will be weighted at a three on a scale of 1 to 5.  

Generally speaking they are given a weight of three because it falls in the middle of the 

overarching weighting schema.  Giving the social assets a weight of five could greatly 

skew a block group if multiple social assets were to appear in one area.  It also could 

generate a false destination area given that a block group can only be assigned a max 

weight of five in regards to economic square footage. Furthermore a park is important to 

the well being of a local area, but in the interest of origin destination flow a large mall 

next to big box stores will generate more traffic.   On the other extreme a weight of one is 

not truly representative of how important a social asset like a school is where hundreds to 

thousands of people go on a daily basis.     

To further clarify situations like when there are three baseball fields in one block-

group and one baseball field in another block-group, each block-group will still receive a 

weight of 3 regardless of the amount of fields.  This prevents block-groups from being 
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over weighted. Additionally it implies that the respective community still has access to a 

baseball facility, regardless of how many fields.  However if the block-group has a 

baseball field and a post office it will receive a 6.  Sport fields when appearing with a 

school will be assumed to be tied to the school and receive strictly 3 points. 

One type of a ‘hard to weigh’ aspect is a house of worship and how they fit into 

the above schema.  In the case of Palm Beach County, typically houses of worship cluster 

in the same area. As a result it was decided for the purpose of this manuscript they should 

be counted as economic assets.  On average places of worship can be found along the 

same street or very near in vicinity to each other.  If they were calculated at a 3, like the 

other social assets, it could drastically skew the weighted value of the block group due to 

this common occurrence of clustering.  Also houses of worship in many situations have 

sizable tracks of land or and a large parking lot.  This helps offset the underweighting of 

this aspect by boosting the economic square footage of the respective block group. 

3.2.3 Displaying the Results 
 

As mentioned in section 3.2.1, Calculating Economic Square Footage, the total 

social assets will be added to the weight of economic square footage density for a total 

overall block group weight.  An example would be that a block group is assigned to 

cluster 3 and therefore assigned a weight of 3 for economic square footage.  It also has 1 

school and a park for a total societal weight of 6.  These 6 points will then be added to the 

3 points for economic square footage and achieve and overall total of 9 points.  These 

block groups will then be displayed in a choropleth map that is categorized by an analysis 

of the histogram. 



 

4.0 METHODOLOGY – PHASE 2 
 

When the two choropleth maps are created based on the Origin and Destination 

criterion, routes need to be established to allow the community to move freely back and 

forth between places of residence and required destinations.  Additionally as mentioned 

earlier, the routes must connect to the regional transportation network.  The routes 

generated should serve the community’s needs conveniently and produce a reasonable 

travel time that can compete with the personal automobile. 

Before any route or segment of a route can be analyzed it must pass two 

qualifying criteria.  The first criterion is there will be no use of eminent domain to create 

a route.  This is very expensive and for some it raises ethical issues in regards to family 

displacement, under payment for land, and economic bias.   The other criterion that must 

be met is the physical width of the road or right of way.   

The physical criteria are based on the dimensions measured on Google Earth 

(2009 AeroWest imagery) of the current Cologne LRT system which is displayed 

graphically in Figure 2 in the “What is LRT?” section.  A standard platform in Cologne, 

Germany is 10 feet wide.  The standard width of an LRT track with a LRT train on it is 

10 feet wide.  Thus if a one way track with a platform is needed, the right of way must be 

20 feet or wider.  If dual tracks with no platform are needed, the right of way must be 20 

feet or wider.  If platforms are needed for a dual track the right of way must be a
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minimum of 40 feet in width.  These measurements also correspond with the LRT system 

built along Hiawatha Ave in Minneapolis, Minnesota. As stated via e-mail 

communication with the GIS Coordinator for the City of West Palm Beach, on average in 

Palm Beach County a one lane road is 15 feet in width.  Therefore an LRT unit should be 

able to go down any one lane road.  If the road or right of way segment passes these 

qualifying criteria it can be used in the follow segment analysis stage. 

4.1 Right of Way Segment Analysis Methodology 
 

 In order to find the fastest and most convenient route, individual segments of 

roads and right of ways must be visually analyzed through image interpretation and GIS 

vector road centerlines.  To do this the centerline of all the roads in the study area were 

acquired from the Palm Beach County GIS Database.  The following chosen scale helps 

quantify various aspects and variables of the rights of way in a graduated form for a 

better overall weight.   Each road will be analyzed from node to node and given a weight 

from -1 to 1 based on three different criteria; speed, passenger convenience, and traffic 

signals.  A node in this situation will be defined as a 4 way intersection or at logical start 

and end points when that definition does not apply.  Additionally the segment analysis 

scale, -1 to 1, properly assesses three different variables and how they are linked to one 

another.  The weights can also be thought of as best, average, and worst right of ways.  

This scale method with a negative and positive factor allows for three distinct weights 

that can boost, weaken, or push an overall weight for a right of way.  For example a 

shared road is the slowest in regards to speed so it receives a -1 value.  However it is one 

19 
 



 

of the best rights of way for passenger convenience so it receives a 1.  This brings the 

overall score to 0 with the weight of traffic signals being the distinguishing factor.   

 The optimal right of way can be discovered through various methods.  The first of 

which utilizes the GIS road centerline shapefile.  The road centerline acquired for this 

methodology supplies the speed limit and the number of lanes.  Therefore a query can be 

done to highlight all the roads with 2 or less lanes.  These roads can automatically be 

assigned to a shared road right of way.  This can be done because the road cannot 

physically meet any other right of way.  The other end of the spectrum can be dealt with 

by querying all the roads that have 6 or more lanes.  Given that these roads have large 

amounts of lanes they can be assigned the optimal right of way in the study area.  This 

can be done because there are multiple lanes that can be absorbed to create a median or 

separated LRT lane right of way.   

Any road that has 3 to 5 lanes should be assessed visually for the most optimal 

right of way.  When conducting image interpretation of potential rights of way, attention 

should be paid to finding adjacent open space for expansion, the potential utilization of 

turning lanes, sidewalk space, and any other facet that can help realize the optimal 

corridor. 

Lastly for the purpose of this methodology station location will not be considered 

when conducting right of way assessment and feasibility analysis.  This part of the 

transportation planning would require a further highly extensive individual methodology.  

This is because transit stop location effects maximum LRT speed, effects build 

alternatives, creates access points to the LRT system, and has overarching economic 
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implications.  All these individual facets would need to be evaluated by various 

organizations and occupations like urban planners and civil engineers. 

4.2 Visual Examples of Rights of Way Being Used by LRT 
 

21 

All the figures in this section have been taken from either Google Earth or Google 

Maps using their most current imagery as of June, 2009.  Figure 4 is an excellent example 

of a road median in Cologne, Germany.  

This type of right of way can be utilized 

extensively in the study area by 

converting a 6 lane road which would 

still allow for 2 lanes in each direction.  

Also in some instances parking and 

turning lanes can be accommodated.  

Figure 4. Road Median - Cologne, Germany  
                (Google Earth, 2009) 

 Figure 5, seen below, is an 

example of open space and a shared 

existing right of way.  The scene is from 

a LRT system built in Minneapolis, 

Minnesota that connects the airport to the 

downtown.  It was designed to alleviate the road congestion on Hiawatha Avenue, but 

still grant the same access to residents and business along that corridor by utilizing the 

open space and existing right of way.  Figure 6, seen below, is from the same LRT 

system but this scene demonstrates an adjacent road right of way.  It demonstrates how 

 



 

the LRT is integrated into a road intersection and grants convenient access to residential 

areas and park and ride facilities.   

Figure 5. Open Space - Hiawatha Ave, Minneapolis (Google Earth, 2009) 
 

 

 

 

 

 

 

 Figure 6. Adjacent Road - Hiawatha Ave, Minneapolis (Google Earth, 2009) 
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Figure 7 is an example of joint use of track 

and use of an existing corridor.  It is from the 

LRT system in Calgary, Canada.  On the left 

side is a low density residential community 

and on the right side is a park.  There are 

three track alignments that allow for LRT 

units, heavy commuter rail, and freight.  

Lastly Figure 8 demonstrates the complete 

integration of LRT into the existing road 

infrastructure via Honinger Weg in Cologne, 

Germany.  It easily navigates the tight streets 

of a compact European city 

while still leaving room for 

driving, parking and easy 

passenger access.    

Figure 7. Joint Use of Existing Track or Corridor –
Calgary, Canada (Google Earth, 2009) 

Figure 8. Shared Road - Cologne, Germany (Google Maps, 2009)

 

 

 

 

 

 

 
 

 



 

4.3 Speed Criteria  
 

Speed will be assigned a value 

based on the optimal right of way 

possible on the respective segment.  A 

road median and open space like parks, 

abandoned rights of way, and power line 

parcels are the best for speed due to the 

dedicated right of way possibilities. Other rights of way possibilities that would allow for 

good speed are adjacent roads, shared road with a separate LRT lane, and joint use of an 

existing track.  The worst choice in regards to speed is a Shared Road as witnessed in 

Figure 8.   

Table 1. Speed Weighting Schema 

Type of Right of Way Speed 
Weight

Road Median  1 
Open Space  1 

Adjacent Road  0 
Shared Road 
w/ Separate LRT lane (4+ Lanes) 

0 

Joint Use of Track  0 

Shared Road  ‐1 

Road Medians and open spaces have the highest weight of 1 with regards to speed 

because they have the potential to bypass intersections by creating an above ground 

bridge or going underground.  They also do not mix with traffic and are not subject to 

delays due to congestion or accidents.  This type of right of way will also be assigned a 

speed of 65 mph, the maximum speed a LRT can achieve, when performing the travel 

time evaluation in network analyst.  Other rights of way will have their speed set at the 

provided speed limit set forth by the shapefile road centerline.   

The right of way, adjacent road, allows for good speed and is typically a service 

access road that runs parallel to a main trunk or artery line.  LRT that utilize that type of 

right of way must stop at intersections and must travel at less than maximum speeds for 
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safety reasons.  Nonetheless the adjacent roads are usually low in traffic and run parallel 

to heavily used trunk lines which help keep speed high.   

 A shared road with a separate LRT lane will only be considered if the road has 4 

or more lanes given that the creation of LRT along that segment would absorb 1 lane in 

either direction.  A lane can be easily separated by adding a 2 inch or greater curb in 

between the lanes to physically restrict automobiles from entering into it.  Another 

cheaper alternative is to paint the designated lane to mentally restrict cars from using the 

lane.  This is a common option for Bus Rapid Transit.   

 Another right of way that is good for speed is joint use of track or a shared 

corridor.   This right of way is good for speed, however it is unpredictable due to delays 

that can be experienced from mixing LRT with freight service and heavy rail. These three 

aforementioned rights of ways will be given a value of 0.  They are not faster than the 

currently used mode of cars due to intersections, but they offer the speed benefit of not 

being mixed in with the normal traffic flows.   

 With regards to speed the worst choice is shared traffic.  This will receive a value 

of -1 when utilized because it must mix with traffic.  As a result it will be as slow or as 

fast as traffic allows, and has to stop at every traffic light, as well as vulnerable to delays 

from road accidents. 
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4.4 Passenger Convenience  
 

The same rights of way mentioned above apply for passenger convenience, but 

receive different weights.  In regards 

to this variable shared road, shared 

road with a separate LRT lane and 

adjacent road rights of way offer the 

best convenience due to their 

proximity and easy access to and from 

businesses, residential, and the sidewalks they pass.  These rights of way will be given a 

weight of 1.   

Table 2. Convenience Weight Schema 

Type of Right of Way Convenience
Weight 

Road Median 0 
Open Space -1 
Adjacent Road 1 
Shared Road  
w/ Separate LRT lane (4+ Lanes) 1 

Joint Use of Track 0 
Shared Road 1 

 Utilizing the road median or joint use of existing railroad track offers some level 

of convenience due to station location, but in turn are not the safest alternative for 

passengers due to that platform location access.  When LRT uses the road median a stop 

can be conveniently located anywhere along the route, typically with them being located 

at intersections.  They lose convenience due to the fact that passengers must cross streets 

in many cases with heavy traffic to get to the station.  Joint use of existing track or a 

shared corridor also falls short of offering optimal passenger convenience because it can 

only stop at the stations constructed for the heavy transit.  Most existing railroad track is 

also fenced in to prevent people from walking over the track, which is utilized by high 

speed passenger and freight trains.  Thus this prevents the creation of more convenient 

stops along the existing track.  Additionally due to the use of these tracks by other modes, 
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frequent stops pose a safety and dispatch issue.  These rights of way will be given a 

weight of 0 for not being the best alternative or the worst. 

The segments that would utilize open space offer the worst passenger 

convenience because they most likely do not have access to services (i.e. businesses and 

residential areas) the passenger may desire.  In this study area most open spaces are along 

canals or large power lines where residents or business do operate.  Therefore there is 

almost no use for the passengers and this form of right of way acts as a throughway.  

Therefore it will receive a weight of  -1 due to its lack of access. 

4.5 Traffic Signals 
 

Table 3. Traffic Signal Schema 

 Traffic Signals have a 

significant impact on the travel 

time and flow of traffic.  This is by 

default not the only hindrance that 

can be assessed, but it is one of the 

three chosen in this case because it 

is easily displayed in GIS.  Additionally this method can easily be duplicated, as most 

city and county engineers have traffic light data in some type of format.  For this analysis 

the data was found in Palm Beach County’s GIS database.   

Type of Right of Way Traffic Signal 
Weight 

Road Median 1 
Open Space x 
Adjacent Road x 
Shared Road  
w/ Separate LRT lane (4+ Lanes) x 

Joint Use of Track 1 
Shared Road x 
Note: x = unknown 

The weights for traffic signals will be on a graduated scale from -1 to 1 and 

normalized by mile.  This scale coincides with the two other right of way weights, but in 

this instance the results are independent of the optimal right of way and are based on 
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existing conditions. All traffic signals will be counted within a respective segment and 

normalized by mile in order to create a proper comparison.  When a traffic signal falls at 

a node it will be assigned to each segment that touches that node.  This ensures that all 

segments that touch a traffic signal are properly weighted and addressed.  The best 

option, which would be a segment that has no traffic signals in that respective 

segment/mile, will receive a weight of 1.  There will be a weight of 0 assigned for the 

average number of traffic signals per segment/mile and a -1 for the segments with the 

highest amount of traffic signals.  For all other segments that have a differing amount of 

traffic signals than the numbers expressed above, a graduated number will be given based 

on the respective amount of traffic signals.   

Lastly if the optimal right of way is declared to be utilizing the road median it will 

be automatically given a weight of 1 for traffic signals because it is assumed that the 

intersection can be bypassed using an engineered bridge.  Also segments that utilize 

existing railroad track will not have any traffic signals present and therefore will receive a 

weight of 1 too. 

4.6 Selecting the Optimal Route 
 

 After assessing each segment for speed, convenience, and traffic signals, the 

weights will all be added together and a map utilizing graduated symbols will be created 

to visually display the weighted segments.  This layer will then be overlaid with the 

choropleth map of the origin and destination maps.  Multiple routes will then be visually 

assessed and created to connect the origin locations to the destination locations and to the 

regional transportation system using the heaviest weighted paths possible. 
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 Visual assessment combined with the knowledge gained from discovering 

economic entities, social assets, and potential right of ways will all be used in the creation 

of the route.  The routes at this stage cannot be based solely on the displayed and 

weighted results, as they are only part of the analysis process.  In many instances the 

user’s knowledge should take precedence. For example there may be the same origin 

destination clusters connected by multiple corridors that all have the same weight.  

Choosing which one is the most feasible in the real world should be based on the user’s 

knowledge of the study area acquired from the steps above.  While conducting the steps 

above the user will gain knowledge of how businesses, social entities, and residents are 

placed along the existing rights of way.  When the overall weight of the right of way 

cannot be the deciding factor the user should choose the route that appears to be the most 

feasible based on the assets along the various corridors.         

 

 

 

 

 

 

 



 

5.0 METHODOLOGY – PHASE 3 
 

 Once the optimal routes have been established by way of the weighting schemas 

and the knowledge of the user, the proposed routes need to be assessed and compared to 

the existing conditions of the personal automobile and public transit system.  In phase 3, 

feasibility will be assessed through two different methods that address speed and 

convenience of the route.  If the proposed routes do not come close in time by 

comparison to taking a personal automobile, the feasibility of implementing a public 

transit system that is profitable over the long run will be hard to achieve.  Additionally if 

the proposed route is less convenient than the current public transportation system, there 

is no purpose in creating a new system or using this methodology. 

5.1 Assessing Speed  
 

The potential LRT route will be measured against the personal automobile mode 

using the results of time analysis in ArcMap 9.3’s Network Analyst.  To achieve a proper 

sampling, a minimum of 30 random start points will be paired with 30 random end points 

which will automatically be assigned in ArcMap 9.3.  These random samples will act as 

30 random people who need to get from point A to B.  The beginning and end addresses 

will be put into the network analyst and the theoretical time it takes via automobile and 

the proposed LRT route will be calculated. By doing this a 1 to 1 relationship can be 

obtained of which method is faster and by how much. 
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To start with, random points will be generated using ArcMap 9.3 Spatial Analyst 

tools.  The create random points tool is found in the data management toolbox under 

feature class.  The create random points tool will be run on the origin and destination 

feature classes.  This should produce at least 30 points in the origin feature class and 30 

points in the destination feature class.  In order to make the random points viable for 

analysis a 0.5 mile buffer was created around the proposed optimal LRT route. The 

minimum amount of required sample points needs to be within this buffer. This is done to 

demonstrate how far someone is theoretically willing to walk to the LRT system. This 

also limits the skewing of the time analysis. 

Creating a 0.5 miles buffer and limiting the sample points to that area is important 

because it ties into how the two networks are built in ArcGIS 9.3.  The LRT network 

needs to be built for a pedestrian walking system that is integrated into the proposed LRT 

system.  The time for the LRT system is based on its respective right of way. As 

mentioned in section 4.3 Speed Criteria, all the rights of way that utilize a median will be 

given a speed of 65 mph; any other right of way will be given a speed based on the 

posted speed limits.  The other facet of the designed network is to simulate how people 

are to get to the proposed LRT system.  For the time analysis every street in the system 

will have its speed set to 3 mph, with the average person walking 1 mile in 20 minutes.  

This is why the random sample points need to be within 0.5 miles of the LRT system.  If 

the passengers need to walk 3 or 4 miles to get to the system, the resulting statistics and 

comparison will be greatly skewed.  Additionally, transit stops, delays at street lights, and 

any other impedance were not built into the system for this analysis because more 
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intensive focused methodologies first need to be developed for integration into ArcGIS 

9.3. 

The other network needs to be constructed for analyzing the travel time for a car 

to get from point A to point B.  This network is constructed on an ordinary street network 

and the travel time it takes is based on the posted street speed limits.  The posted speed 

limits were already built into the road centerline shapefile as its own attribute. Stop lights, 

stop signs, traffic, and any other impedance are not built into the network as this would 

require further studies and compilation of addition unavailable GIS data files. 

Data will be gathered with regards to distance and time traveled from A to B for a 

minimum of 30 points.  The results will be placed into a table and the average time and 

distance of each respective mode will be compared for feasibility. 

5.2 Assessing Convenience 
 

Assuming the automobile is the ultimate convenience in transportation choice, the 

convenience of the LRT route will be compared against the current Palm Beach County -

Palm Tran bus system.  The personal automobile is the most convenient form of 

transportation because a person can quickly walk to their car, instantly be on the road 

network and drive directly to their destination without much effort and time wasted on 

walking.  Thus, theoretically, the current bus system provides the same convenience 

parameters as a proposed a LRT system, where passengers must walk or drive to access 

the transportation network. Additionally, for the purpose of this methodology and given 

that bus stops and routes do not have the same economic impact, design, or build process 
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as LRT transit stops and routes convenience cannot be assessed on factors like stop by 

stop basis, distance between stops, riding comfort, transfers, and route timing (Henry, 

1988).  Instead the question that needs to be addressed is, does the LRT route designed 

provide access to more people and provide them more destinations then the current bus 

system?   

To answer this question the passengers and businesses that are within 0.5 miles of 

the bus system and created LRT route will be tallied and normalized by miles.  The 0.5 

mile buffer method will be used to calculate total population, population below the 2000 

census median income, and how much square footage is served per mile of the respective 

mode.  The results will provide comparable answers as to whether the proposed LRT 

routes provide more or less people access to the origin and destinations than the current 

bus routes. 

In order to develop these statistical results, a 0.5 mile buffer will be created 

around both the LRT route and the Palm Tran bus system using the buffer tool in ArcGIS 

9.3.  Once the buffer is created it will be used as a parameter for the next step. The next 

step is to run the union tool found in the Analysis Toolbox under the Overlay sub-

Toolbox.  It is important to use the union tool because it computes a geometric 

intersection of the input features.  The new resulting polygons that are ‘cut’ out of the 

existing feature class will hold all the information of the old polygon/block group.  As a 

result new fields need to be calculated to tally the desired statistics.  One field will be the 

geometric size in acres for the new polygons.  The area will then be multiplied by the 

density per the respective attribute (i.e. 2000 population density, equal to and below 

33 
 



 

34 
 

median income density, and economic density) to establish a generalized tally of what 

falls within the 0.5 mile buffer zone. 

These statistics will then be entered into a table for comparison purposes.  

However something to note is that the above method generalizes population and 

economic data.  The resulting polygons and their respective densities are not completely 

representative of the area that falls within the 0.5 mile buffer.  Instead they represent the 

theoretical portion of the block group that is within the buffer. 

  

 

 

 

 

 

 

 

 

 

 



 

6.0 RESULTS 

6.1 Phase 1 - Origin Methodology Results 
 

 The results of the origin data 

processing can be witnessed below 

in Table 4 and visually in Map 3. 

The map below displays the total 

weights for each block group from 

the two variables: ‘Population 

Density’ and ‘Below Median 

Household Density’. Additionally 

the three classes given in the map are based on natural peaks in the histogram which can 

be seen in Figure 9.  Other breaks in classes were experimented with and displayed 

spatially on the map.  However 

grouping based on the peaks in 

the histogram and the natural 

change in the trend of the data 

yielded the most visually 

informative map and generated clear and concise origin areas. 

Figure 7. Origin Classification Histogram 

  
Count 

Percentage 
of Total 

Origin Cluster Population  115,716  45% 

Total Population  258,282  n/a 

Origin < Median Income  37,747  52% 

Total < Median Income  71,994  n/a 

Origin Acres  9,809  18% 

Total Acres  54,127  n/a 

Table 4. Origin Cluster Statistics 
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 Map 3. Origin Clustering Results 
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6.2 Phase 1 - Destination Methodology Results 
 

The results of the destination 

data processing can be witnessed in 

Table 5 and in visually below in 

Map 4. The map below displays the 

total weights for each block group 

from the two variables: ‘Economic 

Square Footage’ and ‘Social Entities’.  The majority of the economic and social entities 

were discovered through image interpretation with the aid of Google Street View.   

Additionally the four classes shown in the map are based on natural peaks in the 

histogram which can be seen in Figure 10.  Other breaks in classes were experimented 

with and displayed spatially on the map.  However grouping it based on the peaks in the 

histogram and the natural change in the trend of the data yielded the most visually 

informative map and generated clear and concise origin areas.  

Figure 8. Destination Classification Histogram 

Table 5. Destination Cluster Statistics 

  
Count 

Percentage 
of Total 

Destination Economic  71,480,347  43% 

Total Economic  165,342,177  n/a 

Destination Social  129  57% 

Total Social  225  n/a 

Destination Acres  10,970  20% 

Total Acres  54,127  n/a 
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Map 4. Destination Clustering Results 
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6.3 Phase 2 – Right of Way Segment Analysis 
 

As mentioned in section 4.1 Right of Way Segment Analysis Methodology the 

streets that could not be automatically grouped into a particular right of way were 

visually analyzed using Google Earth.  The easiest and most efficient method of right of 

way analysis was not to look at each segment individually based on the GIS vector file.  

Instead it was most useful to ‘fly’ close to the respective road in Google Earth and look 

for any change in the potential right of way.  Typically when a change in potential right 

of way occurred it happened at an intersection which made it easy to query in ArcMap 

9.3.  When this change occurred the respective segments were highlighted and their 

optimal right of way was entered into the attribute table.   

This method was done for every road that had 3 to 5 lanes.  As mentioned in the 

methodology every road that had 2 or less lanes was assigned to the right of way of a 

shared road.  Every road that had 6 or more lanes was automatically assigned to the 

optimal right of way road median.  The road median is the optimal right of way by 

default, because the designed weighting schema has the highest possible score at 2. 

Table 6. Total Potential Right of Way Weight 
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Type of Right of Way Speed Convenience Traffic 
Signals Total 

Road Median 1 0 1 2 
Open Space 1 -1 x 0 + x 
Adjacent Road 0 1 x 1 + x 
Shared Road w/ Separate LRT lane (4+ 
Lanes) 0 1 x 1 + x 

Joint Use of Track 0 0 1 1 
Shared Road -1 1 x 0 + x 
Note: ‘x’ is an unknown score with a maximum value of 1 and minimum value of ‐1 

 



 

As expected the majority of the road 

segment rights of way are shared road.  The 

majority of the 2 lane roads in this study area are 

incorporated into residential communities and offer 

no room for expansion.  It should be assumed that 

the majority of those rights of way were weighted 

properly.  Some may not have been weighted at their maximum potential value due to 

adjacent open space or other potential widening opportunities.     

Table 7. Right of Way Segment Tally 

Type of Right of 
Way 

Segment 
Count 

Adjacent Road  14 
Joint Use  2 
Median  582 
Separated LRT Lane  498 
Shared Road  9289 
Open Space  0 
Total Segments  10385 

There is also a significant amount of road median and separated LRT lanes. Joint 

use only appears as two segments because it is both the FEC and Tri-Rail corridor which 

transverses every node.  There were no rights of ways that were discovered to strictly 

utilize open space.  However many roads, for instance, could be widened to fit a 

separated LRT lane or a median.  For example the majority of Australian Boulevard has a 

median that could be utilized for a LRT track.  It also has a significant amount of buffer 

room on the outside of the road for expansion.  This is also the case for Congress Avenue 

north of the West Palm Beach International Airport.  This segment of road has the 

potential to be a median right of way due to the turning lanes at some sections and yellow 

painted unused lanes at other sections.  This corridor also has large amounts of open 

space that would allow for the road to be widened.  

 

 

40 
 



 

6.4 Traffic Signals 
 

 Upon further analysis and examination of the traffic signal data it was found to be 

less than sufficient.  Not all the traffic signals were in the shapefile; instead the shapefile 

only covered the major roads.  As a result the weights given for traffic signals with regard 

to road median and joint use of track are the only ones applicable.  All of the other rights 

of way were assigned a weight of zero to account for the lack of traffic signal data.  This 

was done to not alter the overall weights significantly or impact the final route.  

6.5 The Optimal Route 
 

Map 5. Optimal Route Assessment Map 
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Discovering the optimal route based solely on looking at Map 5 above and using 

weighting criteria is not realistic.  It is not viable method because it forgoes the valuable 

information and knowledge gained by the user from assessing, creating, and analyzing 

the data.  Instead the above map and its associated weights are used as a guideline of 

what overarching route to develop.  The knowledge gained from image interpretation and 

the familiarity associated with the study area is highly important for the route selection 

process.  Map 6 (following page) demonstrates the optimal route designed from the 

knowledge gained from conducting the study and connecting the required facets via the 

heaviest weighted segments.  

The proposed optimal route has a total length of 49.28 miles and it connects to all 

major origin, destination, and regional transportation systems.  The proposed system 

grants easy access to every proposed FEC stop and Tri-rail station in the study area 

except for the FEC Evernia Street station.  The route also conveniently connects to the 

West Palm Beach International Airport.  For the purposes of this study, connections to 

the barrier islands and the beach were ignored.  All the roads on the barrier islands would 

be a shared road right of way.  Additionally there was no major population or economic 

assets on the islands besides the beach.  One important facet of the south Florida 

economy that was not included in the development of the LRT system is the beach.  This 

area was excluded from the creation of the system because all of the beaches in the study 

area can be found on the barrier islands.  The only access to these barrier islands are over 

three different bridges, therefore the variability of choices is limited.  Additionally in 

accordance with the developed methodology the bridges to the barrier islands and every 

road on the islands would have the same weight.  This combined with the area not having 
42 
 



 

origin or destination clusters opens it up to any possible route.  In the real world however 

this area would not be ignored as the beach is a major economic entity. 

Map 6. Optimal LRT Route 
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Below are subset maps that visually show and discuss all the areas where the 

optimal LRT route transverses. Maps 7 through 14, referenced above in Map 7 as subset 

1 – 8, display graphically and with text why each segment of the optimal route was 

chosen.  It should be noted that the maps appear in various scales.  In general the below 

maps demonstrate the connection of important origin and destination clusters, regional 

transportation connections, and why certain corridors were chosen in comparison to 

equally weighted rights of way.   
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Map 7. Subset 1 
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Map 8. Subset 2 
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Map 9. Subset 3 
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Map 10. Subset 4 
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Map 11. Subset 5 
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Map 12. Subset 6 
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Map 13. Subset 7 
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Map 14. Subset 8 
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6.6 Speed Assessment Results 
 

 Time of arrival for the proposed LRT route from an origin cluster to a destination 

cluster was measured against the automobile.  There were to be a minimum of 30 sample 

origin points and 30 sample destination points within the clusters.  For the study area a 

total of 43 Origin-Destination route comparisons were generated.  This number was 

achieved by the create random points tool in ArcMap 9.3.   

 In general, in three instances, the LRT route beat the car.  This happened when 

the origin or destination point began exactly on or in high proximity to the LRT system.  

In one instance, the LRT took exactly the same time as the personal automobile.  On five 

instances the passenger had to walk anywhere from 13 minutes to 20 minutes due to the 

street patterns of neighborhoods and destinations that 

surrounded access to the LRT system. Table 8 

demonstrates the average time and distance for the 

respective modes.  Additionally the results of each 

individual route and a map of their locations can be 

found in Appendix 1. 

Table 8. Automobile & LRT Average  
Time & Distance 

   Average 

Automobile 
Time 10.4 

LRT Time 15.8 

Automobile 
Miles 6.4 

LRT Miles 7.1 

6.7 Convenience Assessment Results 
   

 To properly assess whether the proposed route is more convenient for passengers 

to access than the current Palm Tran bus route a comparison was made between how 

many passengers and businesses each respective mode passes by.  The data was then 
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normalized by mile to the efficiency of the LRT route and Palm Tran bus route.  A 

comparison of results can be seen below in Table 9 and Table 10.  Table 9 displays the 

raw numbers normalized by miles in regards to economic square feet per mile, population 

per mile, and below median income per mile.  Given that statistically the proposed LRT 

system is more efficient, Table 10 was generated to compare the results in percentage 

form for better interpretation.    

                        Table 9. Convenience Statistics 

Mode 
Route 

Length in 
Miles 

Economic 
Square 

Footage Per 
Mile 

Population 
Per Mile 

Below 
Median 

Income Per 
Mile 

LRT  
            
49.30  

      
2,339,025.25      3,076.43 

             
896.21  

Bus  
          
112.80  

      
1,271,015.78      1,741.06 

             
498.63  

   

                          Table 10. LRT Convenience Compared against the Existing Palm Tran Bus Route 

  

Economic 
Square 

Footage Per 
Mile 

Population 
Per Mile 

Below 
Median 

Income Per 
Mile 

LRT 
Convenience  

184%  177%  180% 

 

 

 



 

7.0 DISCUSSION 

7.1 Methodology Successes 
 

 In general the overarching methodology proved to be quite successful in 

establishing a feasible optimal route and connecting the LRT system to the regional 

transportation system.  Furthermore the results haven proven that if you live, work, or 

travel within a half a mile of the proposed LRT route it will not take you much longer 

than using a personal automobile. The proposed LRT system is also highly more 

accessible to more residents and businesses than the current Palm Tran bus system.  The 

proposed system also grants access to roughly 50% of the residents and businesses in the 

study area.  Additionally that high amount of access is granted spatially through only 

18% and 20% respectively of the total acreage of the study area.  This high efficiency and 

feasibility can mainly be contributed to the Agglomerative Hierarchical Cluster Analysis 

method. 

 The Agglomerative Hierarchical Cluster Analysis method is a very simple 

concept that can be run in a matter of minutes to find and establish the desired clusters.  

Establishing the origin clusters took less than an hour using standard existing data from a 

highly reliable source, the US Census Bureau.  Establishing the destination clusters was 

also just as quick, once the nonstandard data was compiled. 
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 In order to properly compile the economic and social assets of the study area, 

large amounts of image interpretation, cross referenced with Google Street view and 

parcel layers needed to be done.  This method while tedious proved also to be a 

successful part of the methodology.  This stage of the methodology afforded the user 

multiple benefits, one of which was enhanced image interpretation skills in an urbanized 

environment.  The other benefit was that the user developed an overarching intimate 

knowledge of the study area.   

After a short period of time the user learned how to quickly recognize the 

differences between assets like apartment buildings, strip malls, office buildings, 

churches, schools, sports complexes, and other structures based on features like parking 

lot orientation, street access, location within the block group, and shadows.  The 

overarching knowledge of the general patterns of the study area proved to be valuable 

when establishing the optimal route. 

Establishing the economic square footage and social assets also was successfully 

based on image interpretation and the aid of the parcel layers and Google street view.  

The process could have been done without these layers and strictly based on image 

interpretation but it would have taken a considerably longer time.  The parcel layer 

allowed for a quick tally of square footage and a good cross reference of building use 

based on the ownership name.  If this was not available each asset would have had to be 

hand digitized to count its square footage.  Google’s Street view was also beneficial when 

floors needed to be counted and when the building’s use was hard to determine due to its 

shape.  If this data was not available large amounts of groundtruthing would need to be 
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conducted to discover the use of buildings, if image interpretation was unsuccessful.  

Moreover the amount of floors could be discovered through shadow length instead of 

Google Earths street view, but this method takes longer and is less accurate due to the 

uncertainty of floor height.   

When Phase 1 was complete, parts of the Phase 2 methodology proved to be just 

as successful.  This part of the methodology only took two days and effectively assigned 

weights to every road in the study area.  When conducting this part of the methodology it 

is important to pay close attention to the major arteries and trunk lines of the potential 

system.  Many major roads in the study area had wider rights of way, large medians, and 

strips of land that were currently not being utilized by the existing road.  Another facet 

that made this stage quick and accurate was simple querying.  The majority of the roads 

in the study area are two lane roads and as a result they were classified as shared road 

corridors.  This may not be a 100% accurate method as some two lane roads may go 

through areas that offer room for expansion for a more optimal right of way.  However 

for the purpose of this manuscript, assessment of those roads would add substantial time 

to the process and would probably not offer serious benefit.  This is because the two lane 

roads in the majority of the study area are within neighborhoods that are disjointed from 

the main systems.  Also if some two lane roads were found to have a more optimal right 

of way, it most likely would be for small segments that would not be integral to the main 

overarching system. 

At the end of Phase 2, where an optimal route needed to be established, all of the 

aforementioned processes highly contributed to deciding on the best LRT system.  The 
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weighting system proved highly useful in finding the most efficient and speediest routes 

and the majority of them connected to clusters of concern.  However given that a large 

majority of the study area is in a grid pattern, some corridors that had the same weight ran 

parallel to each other.  This is where the knowledge gained from the previous steps 

combined with the clustering maps helped in deciding what is the most feasible and 

logical corridor of choice.  A good example is the three corridors that run north and south 

east of I-95; Parker Ave., FEC Corridor, and Dixie Highway.  All of these potential 

corridors run relatively through the same clusters and have the same type of corridor.  

Ultimately Dixie Highway was chosen because of the large amounts of business that are 

adjacent to the road no matter what the cluster weight, and the close proximity of 

neighborhoods that are built off of the road behind the businesses. 

Assessing the route with the described methodologies was also successful and 

proved to be a strong method to test the proposed route’s feasibility.  Based on the 

results, the proposed system offers a viable preliminary route that could be used for 

further studies.  Based on the time assessment, residents would not suffer any large losses 

of time when commuting.  This LRT travel time should also stay relatively the same as 

populations increase due to the designated rights of way.  As time goes by, however this 

will not be the case for the personal automobile as populations increase and more 

congestion is realized.  With that being said the more the study area increases in 

population the more feasible the time comparison between the two modes becomes.  The 

proposed route is also more convenient and allows more people to move freely back and 

forth between the airport, the regional transportation system, business, and residences 

than the existing bus system. 
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7.2 Methodology Improvements 
 

 As with most methodologies there is room for improvement.  For this 

methodology the acquisition of data has the largest room for improvement.  This 

manuscript was conducted in 2009, which is the farthest possible time from the dates 

when census information is collected by the US government.  Therefore this method 

could be improved by using the 2010 census data when it is collected and released.  

Keeping with census data improvements, a finer analysis could have been conducted 

based on traffic analysis zones (TAZ) instead of census block group boundaries.  This 

would offer a more standard area that may lead to better results and analysis.  The use of 

block level data may have also been more useful in conducting the analysis.  This was not 

used in this situation due to the fact that it did not include any economic data.  If it were 

to be used that information would have to be aggregated. 

 A facet of the current methodology that was not utilized and understood well is 

the traffic light data.  At first impression the user thought the shapefile included the 

location of every traffic light in the study area.  Upon further assessment it was 

discovered to only include the traffic lights for major roads.  The locations of the missing 

traffic lights could have been discovered and noted while conducting the extensive image 

interpretation facet of the methodology.  For the purposes of this manuscript and due to 

time restraints this data collection was not pursued farther.  This lack of data was also not 

that influential on deciding the final optimal route.  Based on the existing data it would 

have only slightly affected the weights of the corridors by +/- 0.5 points.  These potential 
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small changes in weights most likely would not disqualify or qualify a corridor more than 

another due to the human interpretation facet of choosing the optimal corridor. 

 Lastly with regards to data, if the time and budget allows it, acquiring the most 

recent aerial photography can be of strong benefit to the user.  In this situation the most 

recent aerial photography that could be found was 2004 Digital Orthographic Quarter 

Quads with a 1 meter spatial resolution.  This proved to be sufficient in this situation as 

there has not been a multitude of newly erected buildings in the study area since the time 

of the aerials.  The higher than desired spatial resolution also afforded a low storage size 

which proved to reduce the processing time of the computer and ArcGIS 9.3.  Any issues 

with the images used in this situation were supplemented with Google Earth’s imagery. 

  As mentioned previously, figuring economic square footage proved to be the 

most time consuming.  If data could be acquired to easily tally this that would 

significantly speed up the process.  However it does not afford the user the opportunity to 

become intimately familiar with the study area, which in turn may hinder the optimal 

route selection process.  Weighting social aspects was also relatively simple and straight 

forward except in regards to US Post Offices. These were ignored during the image 

interpretation section as post offices do not have any unique texture and shape criteria.  

As a result they were later discovered by searching for US Post Offices in Google Map’s 

business search.  The main issue with using post offices as a social entity is that they may 

no longer hold as much weight as they have in the past.  Due to e-mail, the internet and 

the rise of other shipping companies, the US postal system is experiencing troubled 
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times.  Giving post offices a weight of 3 or any weight at all for that matter may not be 

the wisest choice. 

 Another area of concern for the social weights is what to do with cemeteries and 

places of worship.  Cemeteries for the purpose of this methodology were counted as void 

space, just like golf courses, and were not assigned any value in the schema.  This may be 

true for this study area but in some parts of the country or in other countries cemeteries 

can be seen similar to a park.  For example in Germany they take pride in the landscaping 

of their cemeteries and they find them to be places of reflectance, therefore it is not 

uncommon to find transit stops in close proximity to major cemeteries.  Places of worship 

offer the same type of social weighting conundrum. In this methodology places of 

worship were counted as economic space because in most situations they have large 

tracts of land and parking lots which attribute to the overall block group tally.  If they 

were given a weight like other social assets they would have greatly skewed some block 

groups as they tend to cluster together.  For example, in one instance a block group had 5 

places of worship.  Even if they were given a weight of 1 or 2 they most likely have 

skewed the block group’s weight.  Therefore it is recommended that further refining and 

investigation of social aspects needs to be conducted in order to discover how they fit 

into the overall weighting schema. 

7.3 Economic Development Recommendations 
 

 The success of the developed methodology combined with its results produce 

large amounts of new questions and ideas that should be expanded upon in future studies.  

As mentioned the designed methodology has established a system that is close in travel 
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time to the automobile and nearly twice as efficient and convenient as the current bus 

system.  With that being said this methodology is not only restricted to establishing LRT 

systems, but can be used for establishing bus routes as well.  The important idea to 

remember however is that either way an LRT system should be the end goal of the 

proposed system in the discussed study area. 

 This method can be used for bus system design because the success of the 

proposed LRT system is founded not only in the connecting of the origin and destination 

clusters, but in the utilization of the rights of way.  The majority of the proposed system 

is based on creating road medians or separated lanes.  The most important facet of that 

design is that it subtracts the public transportation mode from the normal traffic flow.  

This is the main reason why the modes can achieve a comparable travel time.   

 Due to the design of the rights of way there is large room for economic gains. 

Once all the technical aspects of the integrated public transportation system have been 

worked out, the proposed routes can initially be built for a bus system.  This initial 

process will create multiple types of jobs via the construction of the new median and 

separated rights of way.  Once the public transportation system has been physically 

subtracted via dedicated corridors from the normal traffic congestion, residents and 

businesses will ultimately see the benefit of using public transportation.  As the system 

grows and the capacity of the buses is reached the system can then start transitioning to a 

LRT higher capacity system. 

This stage of the process also will generate an increased amount of construction 

monies as the rails can now be fixed into the already separated independent transportation 
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system.  At this stage construction jobs will be created to replace the paved bus lane with 

rails fixed into the paved road.  This type of physical construction design ensures that 

future planning can incorporate both buses and the LRT units into the same transportation 

system and utilize the same dedicated rights of way.  Additionally construction will be 

needed to build new platforms to accommodate the emerging LRT routes.  Naturally it 

would be recommended to first convert the most utilized bus routes into the higher 

capacity LRT routes.  Eventually the last stage will be to integrate the buses as an easily 

adaptable mode that fits into the main LRT system.  The buses should be used as a feeder 

mode that serves the previous underserved origin and destination areas.  

Creating a comprehensive multimodal system like the one mentioned above fits in 

with Palm Beach County’s 2030 transportation plan.  That plan calls for massive 

improvement to the county wide bus system that theoretically serves all of the county’s 

public transportation needs.  Designing an intelligent adaptable transportation system and 

improving the current public transportation system is integral to the continuing success 

and competition of the City of West Palm Beach metropolitan area within the Tri-County 

area.  Their competition is mainly Ft. Lauderdale in Broward County and Miami in 

Miami-Dade County of which offer more comprehensive public transportation for 

residents and visitors. For example Ft. Lauderdale offers small but convenient services 

like tourist oriented trolley service and a direct connection via a dedicated shuttle from 

the Tri-Rail station to the Airport on top of their regular bus system.  The Miami 

metropolitan area offers an elevated metro rail that connects the local Tri-Rail facility to 

large amounts of residents and economic areas.  This is most notably done via the 

connection to the downtown area by the automated Metromover system and overarching 
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bus system.  Overtime as traffic congestion increases and these areas expand on their 

already multimodal system, businesses and residents will began to flock to the areas out 

of convenience and money saving economics.  Widening and building roads cannot 

continue forever and as a result people will look towards a government who supplies 

them with logical well thought out alternatives.  In the Tri-County area Palm Beach 

County is already falling behind in the comprehensive multimodal public transportation 

system.              

Referencing back to Palm Beach County’s 2030 transportation plan, it is 

recommended from this study to assess the feasibility of using the location of the 

proposed Evernia Street FEC Station as the hub for the regional transportation bus 

system.  This location is in the heart of the City of West Palm Beach and it is also 

adjacent to the West Palm Beach Tri-Rail stop and the proposed FEC Government Center 

stop.  If that area is the heart of the regional and local transportation system the 

downtown area and the whole of the City of West Palm Beach cannot help but experience 

large improvements in its economy and position in the Tri-County megalopolis. 

 

 

 

 

        



 

8.0 CONCLUSION 
 

 On the whole the developed method works well for establishing an over arching 

public transportation system in a low to medium density urban environment.  The method 

helps discover origin and destination areas and also helps eliminate a large amount of 

potential alternatives. This method however is by no means the ultimate answer. It 

actually has the opposite effect and opens up more questions for debate.  As a result once 

this general system is proposed each small segment of the system would need to be 

evaluated on multiple levels.  These levels include but are not limited to the placement of 

transit stops, integration into the existing road system, placement of parking facilities, 

environmental concerns, socio-economic concerns, economic development plans, and 

future land use plans.  

 This method can also be expanded upon and more data can be acquired to help 

create a more thorough preliminary analysis.  Therefore it is recommended to re-conduct 

this study with the latest census data when available, bring in more right of way potential 

weighting criteria, and establish stronger social weighting criteria.  More research also 

needs to be done on how the barrier islands and the beach can be incorporated into the 

larger system.  Additionally increasing the size of the study area so it addresses the 

populations to the west, north, and south would be interesting.  Lastly if Agglomerative 

Hierarchical Cluster Analysis is as successful as it appears in locating clusters, a county
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 wide or even tri-county wide analysis should be conducted to establish a large over 

arching integrated public transportation system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

66 
 



 

APPENDIX 
 

Appendix 1.  Route Comparison Table 

Origin Destination Automobile 
Time Automobile Miles LRT 

Time 
LRT 
Miles Comment 

1 1 11 6.4 20 9.0   
3 6 8 4.5 16 5.7   
2 7 5 2.3 12 3.1   
20 10 11 5.5 18 6.1   
21 11 10 5.3 13 5.8   
22 12 10 4.9 12 5.4   
23 14 9 4.5 21 5.5 Walk 13 min 
24 15 9 4.5 10 4.5   
26 16 10 6.3 14 7.3   
28 17 13 8.9 14 9.1   
29 18 12 8.4 13 8.7   
30 19 11 6.9 23 8.6 Walk 14 min 
31 24 12 7.5 12 8.5   
32 25 9 5.8 12 6.7   
33 26 11 6.9 16 8.5   
34 27 11 7.5 15 8.1   
36 28 13 8.1 20 10.0   
37 29 12 7.2 28 9.0 Walk 20 min 
38 30 13 9.5 17 9.1   
39 31 9 5.4 7 5.4 Beats Car 
40 32 10 6.2 18 6.6   
42 33 6 3.6 13 4.0   
59 35 12 8.4 25 9.0   
58 36 12 8.2 14 8.3   
54 43 15 9.6 20 9.5   
53 44 14 9.1 14 9.1 Tied 
52 45 13 8.7 14 8.4   
51 46 11 6.9 18 6.4   
46 50 8 5.3 13 5.7   
19 54 4 1.9 11 2.5   
18 55 5 2.9 10 3.4   
16 57 3 2.0 16 2.0 Walk 15 min 
14 58 8 4.5 10 4.9   
13 59 11 6.5 14 7.0   
12 60 11 6.2 13 7.6   
11 61 17 10.8 14 11.7 Beats Car 
10 62 16 10.5 13 9.8 Beats Car 
9 63 18 11.3 27 13.0   
6 64 11 6.4 20 9.8   
4 70 12 6.2 18 7.7 Airport 
43 40 7 4.5 12 5.6   
45 51 8 5.3 18 5.9   
47 52 5 3.3 20 5.0 Walk 13 min 
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