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Abstract 

 

Large parking lots at shopping centers are a prevalent feature of the suburban 

American landscape. These paved expanses contribute to various environmental 

problems. They amplify stormwater runoff, which leads to pollution of waterways and 

localized flooding. They exacerbate habitat fragmentation and the urban heat island 

effect. Research has shown that parking lots are often larger than necessary and that 

significant portions of these lots remain empty. A study of land use in Illinois, Indiana, 

Michigan, and Wisconsin found these states had more than 43 million parking spaces for 

an adult population of just over 25 million, implying that these spaces are necessarily 

underutilized (Davis, Pijanowski, Robinson, & Kidwell, 2010). 

As a densely developed state, New Jersey is struggling with the consequences of 

its vast areas of impervious cover. This research explored whether shopping center 

parking lots in Mercer County, New Jersey are larger than necessary—representing an 

opportunity for reducing impervious surfaces. If these parking lots are underutilized, the 

county could retrofit parking lots for greater sustainability outcomes. I also assessed the 

financial feasibility of converting excess parking to other uses, providing a generalizable 

model for making better use of land in developed suburban areas. 

 My research investigated how much land in Mercer County is dedicated to 

shopping center parking spaces, how much these parking spaces are utilized, and what 

alternative land uses cost in comparison to regular parking lot maintenance. I 

hypothesized that I would find retail parking lots to be on average less than 85% 

occupied, and that a cost-benefit analysis would show retrofitting 10% to 30% of the 



parking lot with either impervious asphalt, bioretention basins, or a public park would 

demonstrate greater financial benefit.  

To address these questions, I gathered data on shopping center parking occupancy 

in Mercer County using a stratified sample of five representative shopping centers over 

three months. I drove to the selected locations at specific times and counted parked 

vehicles on both weekdays and weekends, collecting more than 100 samples. These 

shopping center parking lots had a median occupancy of 35%, confirming that the lots are 

significantly underutilized. 

Next, I modeled the costs and benefits of retrofitting parking lots to reduce 

stormwater runoff, using the largest shopping center sample location as my baseline. I 

evaluated the costs of removing some impervious asphalt and replacing it with either 

porous asphalt, bioretention basins, or public park space. I collected cost estimates for 

maintaining impervious asphalt, removing impervious asphalt, and installing different 

retrofits from various industry websites, and I modeled the costs of these options over 25 

years at varying discount rates. The analysis demonstrated a significant difference 

between the costs of keeping the asphalt as-is, installing porous asphalt, installing 

bioretention basins, or installing a public park. The public park was the most cost-

effective option for retrofitting approximately 10% of a 38-acre parking lot.  

Mercer County’s underutilized shopping center parking lots represent a missed 

opportunity—not just in New Jersey, but across thousands of similar shopping centers 

across the United States. Rather than paying to maintain asphalt that remains vacant, 

property owners could convert a portion of this land to more beneficial and attractive 

uses, shifting toward a larger pattern of better land use decisions.  
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Chapter I

Introduction 

 

Americans seem to accept enormous shopping center parking lots as an ugly but 

necessary feature of suburban life. While the unsightliness of large parking lots may be 

indisputable, their supposed necessity deserves questioning. Surrounding corporate 

buildings and retail locations, these wide swaths of asphalt result in several negative 

environmental consequences. Impervious surfaces prevent rain from filtrating into the 

ground, amplifying stormwater runoff and resulting in flooding and non-point source 

pollution (New Jersey Department of Environmental Protection, 2016; Shaneyfelt, 

Anderson, Kumar, & Hunt, 2017). Parking lots also contribute to the urban heat island 

effect (Rahn, Davis, & Dougherty, 2017) and habitat fragmentation (Davis, Pijanowski, 

Robinson, & Engel, 2010).  

Parking research has shown that, in many areas, zoning laws require the 

construction of parking lots that are excessive in size, and large areas of these lots often 

sit empty (Shoup, 2011). One study estimated that there were more than 43 million 

parking spaces in the states of Illinois, Indiana, Michigan, and Wisconsin, while the adult 

population in those states was just over 25 million. Furthermore, the estimated number of 

parking spaces per vehicle in each state ranged from 2.49 in Indiana to 2.95 in Michigan 

(Davis, Pijanowski, Robinson, & Kidwell, 2010).  

 Because their negative effects increase with size, large parking lots, like those 

found at shopping centers, are particularly harmful. Parking at shopping centers is often 

oversupplied. It thus represents an unnecessary environmental problem that could be 
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mitigated by: 1) repurposing existing underutilized parking lots and 2) adjusting zoning 

ordinances to avoid future excessive construction of parking lots.  

The International Council of Shopping Centers estimates that there are 116,161 

shopping centers in the United States—an average of around 2,323 shopping centers per 

state (Tubridy, 2018). These centers thus represent a widespread category of 

development. Reducing unnecessary impervious cover around these centers would reduce 

local problems associated with stormwater runoff, and it could encourage more 

productive and efficient uses of land. More broadly, because shopping centers are a 

highly visible category part of American culture, an adjustment in their layout could 

contribute to general recognition that unbroken swaths of parking lots don’t have to 

dominate our landscape, and that other land use choices could be more beneficial.   

Based on studies of parking elsewhere, it is likely that parking is oversupplied in New 

Jersey. However, little parking research has been done in this state, and none have 

confirmed whether this is true. As a densely populated state with high development 

pressure and little available land for development (Mansnerus, 2003), it is important for 

New Jersey municipalities to create efficient land use and redevelopment strategies that 

accommodate residents’ needs without wasting any space—necessitating an evaluation of 

parking lots, which likely occupy a not insignificant portion of the land. 

 

Research Significance and Objectives 

This research focused on Mercer County, a suburban county in the middle of New 

Jersey. This county’s GIS data viewer made it ideal for study, as it provided readily 

accessible parcel data and high-resolution satellite images. Mercer County consists 
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mostly of residential subdivisions, office parks, preserved land, and big box stores 

located along U.S. Route 1. Because parking lots associated with shopping centers 

occupy a large area, the study focused on evaluating if these parking lots are 

oversupplied, and if so, to propose alternative land use decisions. An oversupply of 

parking in New Jersey’s suburban shopping centers would indicate that this may also the 

be case in nearby states with similar patterns of development. Any policy changes 

resulting from this research could provide a model for these states as well.  

My objectives in this study were: 

• To estimate the total number of parking spaces and the acreage associated 

with shopping centers in Mercer County 

• To evaluate whether this parking area can be considered excessive, based 

on a sample of parking occupancy rates at representative locations and 

times 

• To evaluate alternative land use scenarios for underutilized retail parking 

lots using cost-benefit analysis of retrofitting options, including green 

infrastructure  

 

Background 

Parking lot size in the US is determined by land use ordinances. In most 

municipalities, the land use ordinance contains a set of specific instructions related to 

parking. Usually ordinances dictate minimum required parking lot size for every type of 

development allowed by the zoning code. For example, an ordinance might require that 
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an office building supply at least four parking spaces for every 1,000 square feet of 

building.  

Such land use ordinances are the result of a flawed assumption that parking 

should be both free and freely available. Rather than independently studying the need for 

parking in their own municipalities, local planners have traditionally based parking 

ordinances on recommendations from the Institute of Transportation Engineers’ (ITE) 

handbook Parking Generation (Shoup, 2011). The recommendations in this book are 

based on measurements of parking lot occupancy in suburban areas for various land uses 

(retail, office, restaurant, etc.). However, the recommendations have several flaws. Each 

land use recommendation (e.g. for an office building or store) comes from a small sample 

size of that particular land use; half of the parking generation rates are based on four or 

fewer studies. Furthermore, the handbook measures parking occupancy rates at the time 

of yearly peak demand, assuming that the parking is free (Shoup, 2011). 

Creating free parking lots based on peak demand results in market distortions. As 

a writer for The Economist put it, “Water companies are not obliged to supply all the 

water that people would use if it were free, nor are power companies expected to provide 

all the free electricity that customers might want. But many cities try to provide enough 

spaces to meet the demand for free parking, even at peak times” (2017). Without a price 

signal, cities have no way to accurately predict the true demand for parking, resulting in a 

market inefficiency (Willson, 2013).  

Generous accommodation for parking results in oversupply. For example, the 

Parsons Transportation Group found that the ITE guidelines led to an oversupply of 

parking at Home Depot stores, event at the busiest time of the year (Shoup, 2011). In the 
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Upper Great Lakes region, there are an estimated 2.49 to 2.95 parking spaces available 

for every car, and approximately 43 million spaces for 25 million adults (Davis et al., 

2010b).  

Yet although researchers had critiqued the concept of unlimited free parking as 

early as the 1990s, the practice remains common in municipal planning today (Willson, 

1995; Willson, 2015). Parking is usually oversupplied, with multiple spaces available for 

every owned vehicle within a given geographic region (Weinberger & Karlin-Resnick, 

2015). Even if planners are aware of the negative consequences of oversized parking lots, 

there may be public pressure to continue oversupplying free parking.  

 

Consequences of Oversupplied Parking 

An oversupply of parking exacerbates parking lots’ well-documented 

environmental consequences. Greater areas of impervious pavement contribute to greater 

volumes of stormwater runoff. This runoff carries contaminants into freshwater systems. 

Contaminants can include parking lot sealants, which negatively affect organisms in 

nearby water systems (Davis et al., 2010 b), as well as pesticides, lead, and copper 

(Crawford, Weinstein, Hemingway, Garner, & Globensky, 2010). In cities with combined 

sewer systems, stormwater runoff contributes to the discharge of untreated wastewater 

into streams, lakes, or the ocean (Alyaseri & Zhou, 2016). This has been connected with 

bacteria that can cause negative health consequences (Byappanahalli, Nevers, Korajkic, 

Staley, & Harwood, 2012).  

 Large, free parking lots also implicitly encourage driving as a transportation 

choice, and thus contribute to other negative externalities of driving: air pollution (Small 
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& Kazimi, 1995), greenhouse gas emissions (Environmental Protection Agency, 2018 a), 

traffic congestion, and noise (Verhoef, Nijkamp, & Rietveld, 1995).  

 Beyond parking lots’ obvious detrimental effects on the environment, their most 

insidious consequence may be their large-scale distortion of the landscape. “Free” 

parking still has a cost. It’s hidden in a higher cost for goods and services at the places 

surrounded by parking lots—effectively creating a subsidy for parking, and thus a 

subsidy for driving as a transportation choice (2011). Automobile use has contributed 

significantly to suburban sprawl, which favors low-density development (Brewer, 2001). 

One case study analyzed how zoning regulations in Jacksonville, Florida exemplify this 

pattern of development: “Jacksonville’s Code disfavors pedestrians and transit users both 

through zoning laws that encourage low-density, single-use development through parking 

and street design regulations that make walking unpleasant” (Lewyn, 2007, pp. 839-840). 

In short, free parking lots both result from and exacerbate the car-dependent lifestyle 

linked with suburban sprawl (Willson, 2013). 

 The result is a disconnect landscape made at the scale of machines, not people. 

Aerial photographs of developed parts of the United States show a striking pattern of 

islands of buildings surrounded by parking lots. The problem is especially pronounced in 

New Jersey, where an estimated 12.1% of the state is covered by impervious surfaces 

(Nowak & Greenfield, 2012).  

 

Significance of shopping center parking lots. American suburban sprawl is perhaps best 

exemplified by suburban shopping centers. The International Council of Shopping 

Centers (ICSC) defines shopping centers as “a group of retail and other commercial 
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establishments that is planned, developed, owned, and managed as a single property” 

(ICSC, 2018). Driving-oriented shopping centers originated in the 1950s and became 

widespread in the following decades, aided by a variety of factors including increasing 

car ownership, new highways, and favorable tax policy for new construction (Hanchett, 

1996). This distinctive development pattern involves an isolated strip of large stores 

surrounded by parking lots that are often at least as large as the building footprints.  

Parking lots for shopping centers exhibit some of the worst planning 

characteristics associated with traditional parking planning. One study found that not only 

did parking requirements for shopping centers assume that the lots should be free, but 

that they should accommodate full demand during the 20th-busiest shopping hour of the 

year. This means one could expect a full parking lot for only 20 hours during the entire 

year, leaving these spaces unoccupied for the remaining 99% of the year (Shoup, 2011). 

Devising a parking lot for such purposes is a poor land use choice. There are other, less 

impactful ways to accommodate shopping crowds on the busiest day of the year, such as 

providing holiday shuttle or bus service.  

Intentionally designed to sit partially empty for most of the year, shopping center 

parking lots may have lower occupancy rates than other types of parking lots. Although 

there is not much research on occupancy of shopping center lots in particular, existing 

studies are suggestive. One study in Connecticut found that while several different types 

of parking lots had an average occupancy rate of 47.3%, that rate was only 24.3% for big 

box retail locations (Fitzgerald & Halliday, Inc., 2002). In San Jose, California, 

occupancy rates ranged from 24 to 84% (Smith, 2013). 
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 As such, retail lots may be a good candidate for reduction in lot size. Part of the 

reason municipal planners allow for ample parking is to prevent any commuter overflow 

parking from disrupting residential areas (Shoup, 2011). But because zoning laws ensure 

that big box stores in suburban areas are not usually near residential areas, reducing their 

parking lot areas would not threaten the peace of residential streets—especially if the 

spaces removed are sitting empty anyway. 

  

Shopping centers in New Jersey. New Jersey is a densely developed state that is showing 

population gain in urban areas and population loss in suburban areas (Evans, 2018). 

Meanwhile, hundreds of shopping centers across the United States are experiencing 

severe decline (Thompson, 2017). Both trends point to a critical change for New Jersey’s 

retail locations in the future. As suburban population declines, and as online shopping 

continues to negatively affect brick-and-mortar stores, stores are losing profits and 

closing. In many cases, storefronts are left empty—and so are the parking lots (Figure 1). 

Mercer County in particular needs a reevaluation of its parking lots. Rutgers 

University has created impervious cover assessments for various New Jersey 

municipalities that include action plans for reducing this cover (Rutgers University, 

2018). However, these studies have not been done for Mercer County, nor have they 

necessarily been implemented in other municipalities. Despite a redevelopment strategy 

for a similar area in Mercer County proposed by the Urban Land Institute in 2004, 

progress has not been made on this plan, and the storefronts have remained unoccupied 

for years.  
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Figure 1. Underutilized parking lot outside Burlington store in Lawrence, NJ. Lawrence 

Shopping Center has some empty store fronts and a chronically underutilized parking lot. 

Photo taken by the author at 5:30 pm on Friday, June 15, 2018. 

 

 

Some municipalities within Mercer County have experimented with temporarily 

converting curbside spaces into other uses. In Princeton, the Arts Council constructed a 

“parklet” that occupied two curbside spaces during warm weather months. The space 

contained an interactive display that taught the public about renewable energy (Rizzo, 

2017). The City of Trenton also gave up some curbside spaces for temporary “pop-up 

parklets” containing planters and public seating (Taylor, 2016). While such installations 

may help change public perceptions about the best way to use parking spaces, both 

examples made use of curbside spaces exclusively, leaving the larger question of parking 

lots untouched.  

 As big box stores continue to decline—and as land available for development in 

New Jersey dwindles—it is imperative that municipalities re-evaluate the size and utility 

of parking lots in order to make the best use of the land within their boundaries. 
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 By removing impervious pavement and replacing it with other surfaces, it is 

possible to mitigate the negative effects of a parking lot. Asphalt can be removed and 

replaced with permeable pavement or vegetated surfaces, which allows stormwater to 

soak into the ground rather than flowing elsewhere (Rutgers New Jersey Agricultural 

Experiment Station, 2016). 

 

Research Questions, Hypotheses and Specific Aims 

My research focused on addressing the following questions: 

1) How much land in Mercer County is dedicated to shopping center parking spaces, 

and what is the value of that land?  

2) Based on a sample of shopping center parking lots, what are the average 

occupancy rates for these lots? 

3) What alternative land uses would allow municipalities to better use underutilized 

parking lots and mitigate the environmental effects of impervious parking lots? 

I hypothesized that I would find retail lots are, on average, less than 85% 

occupied during weekly peak shopping hours. I used this percentage as a benchmark 

because the ideal occupancy rate is considered to be 85%, allowing for a high amount of 

utilization but with enough open spaces that drivers do not circle as they search for a spot 

(Weinberger & Karlin-Resnick, 2015). Furthermore, I hypothesized that, for parking lots 

that are on average less than 85% occupied, a cost-benefit analysis would show that 

retrofitting 10 to 30% of the parking lot with either impervious asphalt, bioretention 

basins, or a public park will show a greater financial benefit.  
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Specific Aims 

 This research included the following specific aims: 

1) Find the acreage of shopping center parking lots within Mercer County and the 

number of parking spaces available at these lots  

2) Find the mean occupancy of representative parking lots in Mercer County by 

sampling occupancy at three times of day over the course of several weeks 

3) Model the cost of different retrofitting options  
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Chapter II

Methods 

 

To determine whether shopping center parking in Mercer County is oversupplied, 

as well as the cost of retrofits, I structured my methods in three steps:  

1) Creating an inventory of shopping centers in Mercer County and assembling 

basic data about their characteristics; 

2) Selecting five representative shopping center parking lots within the county 

and collecting data on their usage; and 

3) Modeling the cost of maintaining a traditional, impervious cover parking lot 

versus retrofitting a portion of the lot with porous asphalt, bioretention basins, or public 

park space. 

 

Shopping Center Inventory 

 First, I created a shopping center inventory to establish an overview of the retail 

parking available in Mercer County. I obtained a list of more than 600 retail locations 

from the Mercer County Office of Planning and incorporated these into a spreadsheet 

with names of each individual store and address.  

The International Council of Shopping Centers (ICSC) recognizes five types of 

shopping centers, ranging from strip/convenience (an “attached row of stores or service 

outlets managed as a coherent retail entity, with on-site parking usually located in front of 

the stores”) to super-regional mall (malls with more than 80 destinations). Because the 
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ICSC does not specify how many stores are required in order for a retail location to 

qualify as strip/convenience, I defined a shopping center as any location with five or 

more distinct stores (which may include restaurants) that have a shared parking lot and a 

single property owner or manager.  

It is important to note that this study focused only on shared parking lots at retail 

locations with multiple destinations. It did not include standalone retail stores, gas 

stations, or car dealerships. Stores that often exist as standalone buildings with dedicated 

parking (such as CVS and Walgreens) were eliminated from the list. I assumed that while 

both dedicated and shared parking lots may be larger than necessary, it is less likely that 

the over-supply of shared parking is noticed by the public. During occupancy data 

collection, I noticed that cars in shared parking lots cluster in front of the most popular 

destinations. The parking aisles immediately in front of a popular store often appear quite 

busy, while there may be many empty spaces just a few aisles away. As a result, shared 

parking lots can be under-occupied while appearing full in desired areas of the lot. This 

dynamic is unique to shared parking lots, and I focused the study on these lots to obtain 

data that could clearly show how much these lots are actually used. 

Using the spreadsheet of retail locations, I located each address on Google maps 

to determine visually whether it belonged to a shopping center. I then created a new 

spreadsheet with an entry for each shopping center in the county. The list included 

columns listing the municipality, shopping center name, and location address. To ensure 

that the list was comprehensive, I used Google maps to search within a mile radius of 

each address to look for any missing retail locations.  

To complete the inventory spreadsheet, I added the following columns: 
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• Anchor store: I used Google Maps reviews to determine which store in the 

shopping center acts as the anchor store. I designated the store with the most 

reviews as the anchor store. 

• Peak shopping weekday and hour: These columns recorded the busiest and 

second-busiest weekly hour for the shopping center as a whole. These data were 

important for selecting sampling times for the second part of the methods (parking 

lot occupancy). The best source of information I found for shopping hours at 

individual retail locations was from Google Maps. Google Maps provides a bar 

graph of shopping activity at individual stores based on real-time reports of visits 

from its users. While Google Maps does not show the absolute numbers of 

visitors, it does show relative visit volumes for each day and hour of the week. 

For certain larger shopping centers, such as the Quakerbridge Mall, Google maps 

aggregates visits to that address and presents them as a single hourly visit volume, 

making it easy to determine the peak weekly shopping time at that location. I used 

this method whenever possible. For smaller shopping centers, Google does not 

aggregate the visits, and only data for individual stores is available. In these cases, 

I used the number of reviews for the anchor store as a proxy for the number of 

visits. Thus, I used peak shopping time for the anchor store to approximate the 

shopping center’s busiest weekly hour. Furthermore, to get a clearer picture of the 

busiest times in general for a location, I also recorded the second busiest hour of 

the week for each center. While there is some uncertainty and selection bias 

inherent in this method—not all store-goers report their visits or record reviews 

on Google, and the ones who do are more likely to be frequent technology 
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users—there is no better, easily-accessible real-time data about store visits across 

a wide geographic area. Because Google is such a widely used platform, it 

represents a reasonable way to estimate shopping behavior. 

• Number of destinations: This is the number of stores listed within the shopping 

center on Google Maps. In cases where a shopping center has its own defined 

parking lot and includes a standalone separate building within the same plaza 

(often a bank), I included that destination as well. The number of destinations 

contributed to determining the ICSC classification (see below). 

• ICSC classification: This classification is based on the International Council of 

Shopping Centers’ taxonomy of shopping centers, which groups centers into five 

different categories based on the number of destinations and the square feet 

occupied by the building (Table 1). I used this information to select the shopping 

centers for the parking occupancy sample. I selected one of each type to capture 

the full range of shopping centers. 

• Nearest highway: Mercer County is within driving distance of two major cities: 

Philadelphia and New York City. The county is also driving distance from nearest 

highway in miles. Using Google maps, I determined which of the four interstate 

highways was closest to the shopping center: I-95, I-195, I-295, or U.S. Route 1. 

• Driving distance to nearest highway: To calculate the distance, I selected the store 

as a starting point and used Google maps to plan a driving route to the nearest 

highway on-ramp. This became a factor in determining the shopping centers used
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Table 1. International Council of Shopping Centers’ classification system. 

Shopping Center 

Type 

ICSC Description Typical 

Anchor 

Typical Gross 

Leasable Area 

Typical Property Area Number of 

Destinations 
Strip/Convenience An attached row of stores or service 

outlets managed as a coherent retail 

entity, with on-site parking usually 

located in front of the stores 

N/A Less than 30,000 

sq. ft. 

Less than 3 acres 5-10 

Neighborhood 

center 

A convenience-oriented block of 

stores 

Supermarket 30,000 - 125,000 

sq. ft. 

3-5 acres 5-20 

Community Center Stores featuring general 

merchandise or convenience-

oriented offerings, with a wider 

range of apparel and other soft 

goods offerings than neighborhood 

centers 

Supermarket or 

large-discount 

specialty store 

(such as home 

improvement or 

furnishings 

stores) 

125,000 -  

400,000 sq. ft. 

10-40 acres 15-40 

Regional Mall General merchandise or fashion-

oriented offerings 

Full-line 

department store, 

discount 

department store, 

fashion store or 

entertainment 

attraction 

400,000 - 

800,000 sq. ft. 

40-100 acres 40-80 

Super-Regional 

Mall 

Similar in concept to regional malls, 

but offering more variety and 

assortment 

Fashion sites, 

department 

stores, or large-

scale 

entertainment. 

Often includes a 

food-and-

beverage service 

cluster 

More than 

800,000 sq. ft. 

60-120 acres 80 + 
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for the parking occupancy sample. To control for the effect of proximity to the 

highway, I selected shopping centers that were the same distance from the 

highway. 

The following spreadsheet columns are based on parcel data found in Mercer 

County’s GIS Data Viewer (Mercer County, 2019). 

• Object ID: This is the unique parcel ID for the shopping center in the Mercer 

County GIS Data Viewer. More than one ID was recorded in cases where a large 

shopping center is comprised of multiple parcels (yet is still clearly one property, 

with either a single contained parking lot or owner). 

• Satellite image estimated spaces: This is the number of parking spaces in the lot. I 

counted individual spaces visibly marked by paint lines using Google Maps or the 

GIS Data Viewer, whichever had a clearer satellite image for that specific 

property. Both satellite image maps had high enough resolution to see parking 

space lines. Google maps had higher resolution, but its images were more often 

blocked by obstructions such as trees. I counted the parking spaces visible on the 

satellite images of 39 of the 60 shopping center locations, finding 28,479 spaces  

associated with shopping centers in Mercer County (the equivalent of 238 acres). 

Based on the remaining uncounted lots, I calculated the mean number of parking 

spaces for each type of shopping center to estimate the total number of parking 

spaces at shopping centers within the county.  

• Land value per parking space: To calculate the economic value of each parking 

space, I divided the acres of parking on a property by the total property acreage, 

resulting in the percentage of the property occupied by parking. I then multiplied 
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this percentage by the land value (see below) and divided it by the number of 

parking spaces. I used the mean value per parking space multiplied by the total 

estimated retail parking spaces in the county to estimate the total value of Mercer 

County’s shopping center parking.  

• Cars in lot (Google): the number of cars parked in the lot on Google Maps 

satellite image. Because Google maps includes trace images of cars in motion, I 

only included cars represented by a solid rectangle.  

• Cars in lot (myiDV): the number of cars parked in the lot on GIS Data Viewer 

satellite image.  

• Parking area (acres and square meters): This metric provided a basis for 

stormwater generation and pollutions costs for the cost-benefit analysis. I used the 

measuring tool in the GIS Data Viewer to draw polygons around each parking 

area to calculate the area of the parking surface. The area included all parking 

spaces and drive aisles between blocks of parking spaces. It did not include 

driveways leading to and from the parking lot. It also did not include buildings 

within the parking lot. In cases where there was a building in the center of the 

parking lot, I measured that building and subtracted it from the area (Figures 2-3). 

The measurement tool allows for measurements in both English units (ac) and 

metric units (sq m).  

• Building area (ac and m): I used the same GIS Data Viewer measuring tool to 

measure the area of the buildings on the property (Figure 3). 
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Figure 2. Measuring parking lot area of Mercer Mall. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Measuring building area of Mercer Mall. 
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• Total acreage: This is the total acreage of the property, according to the parcel 

data in the GIS Data Viewer. For shopping centers that span multiple parcels, this 

equals the sum of the total acreage for each parcel. 

• Owner: The parcel owner listed in the GIS Data Viewer. 

• Block: The property block listed in the parcel data in the GIS Data Viewer (useful 

mainly as a unique identifier for the parcel). 

• Lot: The lot listed in the parcel data in the GIS Data Viewer (useful mainly as a 

unique identifier for the parcel). 

• Zoning: The zoning designation listed in the parcel data in the GIS Data Viewer 

V. 

• LandValue: The parcel data in the GIS Data Viewer includes land value, which is 

the value of the land excluding any improvements. For shopping centers that 

included more than one parcel, the land value is the sum of the land value for each 

parcel. Because parking lots are not considered improvements, I used land value 

as a proxy for estimating the value of a parking space on a particular property.  

• ImprValue: This value reflects the improvement value of the parcel—that is, the 

value of buildings and other structures that “improve” the land. For shopping 

centers that included more than one parcel, I included the sum of the improvement 

values for separate parcels. 

• NetValue: The net value of the shopping center—that is, the sum of the land value 

and the improvement value. I used this value to calculate the effective property 
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tax rate (see below), which factored into the cost-benefit calculation for installing 

a public park. 

• LstYrTax: The property taxes levied on the property in the last fiscal year. For 

shopping centers that included more than one parcel, this represents the sum of 

the taxes for each parcel.  

• Effective Tax Rate: I divided the last year’s tax by the net value to calculate the 

effective property tax rate. In the cost-benefit analysis, I used the effective 

property tax rate to calculate how much to deduct from the increased property 

value that is a benefit of installing a public park. 

 

Parking Lot Occupancy 

For the parking occupancy portion of the study, I used a stratified sampling method to 

gauge normal parking usage at different times of day for five different types of shopping 

centers.  

Parking lot usage varies across months of the year. Because of the limited time 

frame of this study, I conducted sampling in December 2018 and January 2019. This 

allowed for capturing both the busiest shopping weeks of the year (the weeks between 

Thanksgiving and Christmas) and more ordinary usage (January).  

 To control for the effects of proximity to a highway, I selected four shopping 

centers (a neighborhood center, a community center, a regional mall, and a super-regional 

mall) on a three-mile stretch of Route 1. Strip/convenience stores tend not to be located 

on major highways, and so I selected a strip/convenience store within a ten-minute drive 

of the Route 1 locations (Table 2). 
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Table 2. Sampling locations. 

Shopping Center 

Name 

Shopping Center 

Type 

Location Number of 

Destinations 

Predicted 

busiest 

shopping 

hour of 

the week 

Quakerbridge Mall Super-Regional Mall Route 1 in Lawrence 

Township 

116 Sunday, 

4-5 pm 

Mercer Mall Regional Mall Route 1 in Lawrence 

Township 

51 Saturday, 

2-3 pm 

West Windsor Plaza Community Center Route 1 in Princeton 8 Sunday, 

1-2 pm 

Windsor Green Neighborhood Center Route 1 in Princeton 11 Sunday, 

1-2 pm 

Manors Corner Strip/Convenience Lawrence Township 8 Sunday, 

9-10 am 

 

 

To understand patterns of parking throughout the day, I selected three sampling 

times for the morning, afternoon, and evening, based on times that would include the 

weekly peak shopping hours for these five locations (Table 2). For the morning time, I 

selected 9 to 10 am, the busiest time for Manors Corner, on Sundays. For the afternoon, I 

chose 1 pm to 2 pm. Although Mercer Mall had 2-3 pm as its busiest hour, 1-2 pm was 

the busiest hour for two other locations, West Windsor Plaza and Windsor Green. 

(Because of limited resources, I could not sample both times, and so chose the time that 

captured the peak shopping hours for two locations). For the early evening, I chose 4-5 

pm, which represented the busiest time for Quaker Bridge Mall (on Sundays). 

 I sampled each location 24 times: 12 times on weekdays (four times for each of 

the three time slots) and 12 times on weekends (four times for each of the three time 

slots). I conducted samples by driving to each location. I drove through each aisle of the 

parking lot and recorded the number of parked cars. In the largest lots (Quakerbridge 
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Mall and Mercer Mall), I observed that several new cars were parked in certain areas of 

the lot. It is possible that the malls are renting parking spaces to nearby car dealers. I 

included these new vehicles in my count. Additionally, I counted as occupied parking 

spaces that were blocked by obstacles such as movable storage pods and delivery trucks.  

By comparing the number of occupied parking spaces for each location and time 

period with the total number of available spaces (counted during the earlier parking lot 

inventory step), I was able to calculate the percentage of occupied spaces for each 

location and time. This gave an indication of whether or not shopping center parking is 

oversupplied in Mercer County.  

 

Cost-Benefit Analysis 

My analysis aimed to first establish the baseline cost of maintaining an 

impervious asphalt parking lot, and then to evaluate the costs of retrofitting that lot with 

either porous asphalt, bioretention basins, or a public park. To understand how the cost of 

impervious pavement compares with the cost of different retrofitting options, it was 

necessary to first establish the cost of maintaining a parking lot as-is. I assumed that the 

property owner has a parking lot made of impervious asphalt a few years old. It needs 

maintenance but not immediate replacement. The timeline for this model is 25 years. An 

asphalt parking lot lasts between 15 to 30 years, depending on how well it is maintained 

(East Coast Pavement, 2017). Porous asphalt has an average lifespan of approximately 18 

years (Terhell & Cai, 2015). The 25-year lifespan accounts for a full life cycle of each 

type of pavements, going on the assumption that the parking lots I studied are not brand 

new, and will need to be replaced before the 30th year.  
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 In the cost-benefit analysis, I modeled the following scenarios using a 

spreadsheet, with each row corresponding to a cost: 

• Keep parking lot as-is with 100 percent impervious pavement (baseline model) 

• Retrofit a portion of the parking lot with pervious asphalt 

• Retrofit a portion of the parking lot with a bioretention basin (or basins, 

depending on the size of the retrofitted area) 

• Retrofit a portion of the parking lot with public park space 

 

Baseline Model Scenario 

  To set parameters for my cost-benefit analysis, I first established the 

characteristics of the parking lot. I used Quakerbridge Mall as my model, since its 38-

acre, chronically under-occupied parking lot (see Results) makes it a strong candidate for 

retrofitting. This section of the cost-benefit analysis spreadsheet allowed for input of the 

essential descriptive characteristics related to the cost of the parking lot. Each of the 

below variables corresponded to a line item in the spreadsheet model. 

 

Parking Lot Characteristics 

• Impervious parking area (ac): This represents the total acreage of the parking 

area. I measured the parking area using the Mercer County map tool to draw a 

polygon around the parking lot. This includes all parking spaces associated with 

the property and drive aisles between blocks of parking spaces. It does not include 

driveways to and from the parking lots. For Quakerbridge Mall, the parking area 

is approximately 38 acres. 
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• Number of spaces: This is the number of parking spaces visible in the shopping 

center parking lot. I counted using either Google Maps or the Mercer County map 

tool—whichever provided a clearer view of the property. For Quakerbridge Mall, 

there were 5,216 spaces. 

• Percentage reduced for retrofit: This percentage can be adjusted to model 

different outcomes based on how much of the parking lot is designated for a green 

infrastructure retrofit. To establish the basic cost of maintaining an impervious 

asphalt parking lot, the baseline model treats this as 0%. In the retrofitting 

scenarios, I looked at the cost of retrofitting 10%, 20%, and 30% of the parking 

lot under three different options: porous asphalt, bioretention basin or basins, and 

public park land. 

• Acres retrofitted: This cell changes based on a formula that multiples the total 

acreage by the percentage reduced for retrofit. 

• Acres remaining after retrofit: This cell is based on a formula that displays the 

remaining impervious acres after retrofitting. 

• Impervious parking spaces remaining after retrofit: This cell is based on a formula 

that estimates the impervious parking spaces remaining after retrofit (the original 

number of spaces minus the original times the percentage reduced). 

 

Precipitation Characteristics 

 This section allowed inputs that characterize yearly precipitation, which results in 

stormwater runoff when it falls on impervious pavement. The rain characteristics were 

necessary for calculating the cost of stormwater management in the following section. 
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• Precipitation (inches per year): This represents the yearly precipitation in inches. 

It includes both rain and snow. While the cost of snow plowing is calculated in 

another section of the spreadsheet model, it is also included here because the 

snow eventually melts and runs into the storm drains. Hence, snow incurs costs 

twice: once as snow that needs plowing, and later as snowmelt that is managed as 

stormwater. In the baseline scenario, yearly precipitation is estimated at 45 inches, 

which is both the mean and median yearly rainfall for New Jersey based on 124 

years of data ranging from 1895 to 2018 (Office of the New Jersey State 

Climatologist, 2019). During that time frame, the minimum annual precipitation 

recorded was 29 inches, and the maximum was 64 inches. The baseline model 

assumes that precipitation will continue to average 45 inches per year for the 

subsequent 25 years. It does not account for possible changes in precipitation due 

to climate change. 

• Estimated gallons per inch of precipitation per acre: To calculate the cost of 

stormwater management, it was necessary to estimate the volume of rain 

produced by precipitation over an acre of land. I used a calculator created by the 

U.S. Geological Survey to calculate the volume of one inch of rainfall on one acre 

of land: 27,154 gallons—the volume that will become stormwater runoff once it 

hits impervious pavement (U.S. Geological Survey, 2018). 

• Stormwater falling on impervious parking surface (gallons per acre): Based on the 

area of impervious parking surface remaining after a hypothetical retrofit, this 

represents the remaining impervious acres multiplied by the gallons of 

precipitation per acre and the expected inches of precipitation annually. The 
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resulting number is the total expected volume of stormwater runoff annually. In 

the baseline scenario, this represents the annual stormwater runoff that is 

generated by Quakerbridge Mall’s parking lot in its current, all-impervious state. 

• Stormwater falling on non-impervious pavement (gallons per year): In the event 

of a retrofit, this line item is calculated by multiplying expected annual 

stormwater volume by the percentage of acres designated for retrofit. This model 

assumes that stormwater falling on non-impervious acres does not incur a 

stormwater management cost, because it is adequately infiltrated by the retrofit 

design and does not flow into storm drains. 

 

Parking Lot Cost 

An impervious parking lot requires yearly maintenance to remain functional and 

safe. I contacted three shopping center property managers to determine what factors 

contribute to the cost of maintaining a parking lot. I organized their responses into three 

main categories: stormwater management, snow management, and asphalt management. I 

did not include the cost of liability insurance in my model, assuming that this cost would 

remain similar across the different scenarios, since the size of the property is staying the 

same. 

Furthermore, I assumed that revenue from shoppers stays the same across 

different scenarios. Under this theoretical model, the property manager will retrofit only 

the area of the parking lot that is shown to be underutilized by the parking lot sampling. 

Thus, the retrofit will not affect the total number of shoppers visiting the mall.  
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Stormwater Management Costs 

 This section represented the cost incurred by the volume of stormwater runoff 

calculated in the previous step. 

• Cost of managing stormwater per gallon: Stormwater incurs costs because, in 

many cases, it flows through storm drains and pipes before reaching an outfall 

where it enters a river or stream. This infrastructure ages and must be repaired 

over time, incurring a cost. In a collection of case studies on low-impact 

development from the University of New Hampshire estimates that it costs 

approximately $0.0002 per gallon to manage the stormwater that flows through 

these pipes (University of New Hampshire, 2009). In urban areas with combined 

sewer systems, the cost is higher because stormwater that flows into the drains 

may be routed through a treatment plant, if the storm is not heavy enough to cause 

a combined sewer overflow (New Jersey Department of Environmental 

Protection, 2018). In Philadelphia, a city with a combined sewer system, it costs 

the city approximately $0.012 per cubic foot to manage one gallon of stormwater, 

including pumping and treatment (The Trust for Public Land, 2009). This is 

equivalent to approximately $0.0016 per gallon. Because Mercer County does not 

include towns with combined sewer systems, I used the University of New 

Hampshire estimate as my baseline cost for stormwater management. It is 

important to note that at the time of this study, this cost is most likely external to 

the property owner of the shopping center—that is, the property owner is not 

actually paying for the cost of pumping. However, the property owner may pay 

for it indirectly as the municipality increases water and sewer bills over time. 
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• Projected percentage increase of cost of stormwater management (annual): 

Because much of New Jersey’s water and stormwater infrastructure has been in 

place for several decades, it is often aging and in need of repair. It is predicted 

that the cost of maintaining this infrastructure will increase over time as it suffers 

from more breaks (Johnson, 2018). This line item allows for a percentage increase 

in the cost of stormwater management each year to account for the increasing 

cost. For the baseline model, I predicted that the price of managing stormwater 

due will increase by 2% yearly to keep up with rising infrastructure maintenance 

costs. 

• Annual cost of stormwater management: This cell represents the cost of managing 

stormwater per gallon (as estimated above), multiplied by the volume of 

stormwater runoff calculated earlier. This volume is reduced if a retrofitting 

option is selected, reducing the volume of stormwater runoff. 

• Number of catch basins: Catch basins are the openings to storm drains in 

impervious parking lots. Storm drains must be cleaned periodically to prevent 

clogging, which incurs a labor cost. In order to determine the number of catch 

basins at each of the five study locations, I drove through the parking lots and 

counted the basins within the parking lots as well as around their immediate 

perimeters (Table 3). The baseline model lot, Quakerbridge Mall, had 73 catch 

basins in its 38-acre parking lot.  

• Approximate number of catch basins per acre: This value represents the parking 

lot’s catch basins per acre, rounded up to the nearest whole number. It is used in 

the next step to calculate how many catch basins will remain after impervious 
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cover is reduced through a retrofit. For Quakerbridge Mall, that number is 2 (1.9 

catch basins per acre rounded up to 2). 

 

Table 3. Catch basins in sampled parking lots. 

Shopping Center Acreage of 

Parking Area 

No. of catch basins 

for stormwater 

Basins per acre 

Quakerbridge Mall 38 73 1.9 

Mercer Mall 12.7 30 2.4 

West Windsor Plaza 7.6 22 2.9 

Windsor Green 5.4 10 1.8 

Manors Corner 1.1 8 7.3 

  Mean 3.3 

 

• Number of catch basins remaining after retrofit: In this line, the catch basins per 

acre is multiplied by the acres remaining after retrofit, resulting in the total 

number of catch basins remaining after the retrofit. This remaining number of 

catch basins is used to calculate the cost of cleaning the catch basins.  

• Cost of catch basin cleaning: In central New Jersey, it costs at average of $160 to 

clean a catch basin, within a range of approximately $153 to $168 (Manta, 2019). 

I used the average cost and multiplied it by the number of catch basins to estimate 

the cost of annual catch basin cleaning.  

• Frequency of catch basin cleaning: This line allows an input of the number of 

cleanings per year. The recommended frequency is 2 times per year (Manta, 

2019), which I used for the baseline model. 
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• Total cost of catch basin cleaning: This cost estimate is the product of the 

frequency of cleaning multiplied by the number of basins in the lot—representing 

the annual cost of maintenance per year.  

• Stormwater utility fee: Several states have instituted stormwater utility fees as a 

way to capture the previously externalized cost of stormwater pumping and 

treatment (see above) and charge fees to properties with large amounts of 

impervious cover. In 2019, the New Jersey Legislature voted to permit 

municipalities and counties to authorize stormwater utilities (Johnson, 2019). It is 

expected that some local governments will decide to enact stormwater utilities, 

while others will not. This line in the spreadsheet allows for a Y/N input to model 

the effect of a stormwater utility fee on cost. It is important to note that this model 

accounts only for the stormwater utility fee attached to the parking lot—that is, 

the portion of the fee associated with the area of the parking lot’s impervious 

acreage. The property owner would likely be paying a higher fee because the 

building’s roof is also an impervious surface that counts toward the stormwater 

fee. However, in this model, I only included the cost of the parking lot because 

the purpose of this cost-benefit analysis was to isolate costs associated with the 

parking lot. The baseline model represents the status quo, where there is no 

stormwater utility fee (N).  

• Stormwater utility fee yearly cost: In order to model the potential cost of a 

stormwater utility fee in central New Jersey, I looked at examples from the City 

of Philadelphia, which charges such fees. Philadelphia Water has an interactive 

map that allows exploration of the stormwater billing for specific tax parcels 
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(Philadelphia Water, 2019). I sampled ten parcels that had mostly impervious 

coverage. Using the rate period chart from 2014 through 2020, I calculated the 

average price of the fee per acre, which was approximately $300. If the 

stormwater utility fee is enacted in the previous line, this model will calculate it as 

a price of $300 per acre of impervious cover.  

• Stormwater utility fee annual percentage increase: Cities that enact stormwater 

utility fees often increase the fee over time in order to incentivize onsite 

stormwater management. Using the sample Philadelphia parcels from the previous 

step, I calculated the average rate increase from year to year, which came out to 

3.3%. I used this percentage for the baseline model. This line of the spreadsheet 

allows for adjustments to the percentage increase to see how much it affects the 

cost of the stormwater utility fee. 

• Stormwater management yearly cost: This represents the sum of the annual costs 

calculated in the previous steps: the cost of stormwater management, catch basin 

cleaning, and the stormwater utility fee. 

• Stormwater management yearly cost: present value: In this line, I used the present 

value formula to calculate the present value of each year’s cost of stormwater 

management, projected out for the twenty-five years of a parking lot’s lifespan. I 

used the following formula to calculate present value: 

PV = value / (1+(discount rate))^year 

• Stormwater management total NPV: This represents the total net present cost of 

managing stormwater. To calculate this number, I added the present value of each 

year for all 25 years. 
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Snow Characteristics and Costs 

 In New Jersey, snow management contributes significantly to the cost of 

maintaining a parking lot. Parking lot managers must negotiate yearly contracts with 

snow plowing companies, which usually pre-arrange a price for plowing that will depend 

upon the depth of the snow (pers. comm). In this section, I assumed that property 

managers are not paying for the cost of moving snow elsewhere, since I have frequently 

observed large mountains of snow at the far edges of retail parking lots during the winter.  

• Number of snow storms: Because the cost of snow removal depends on the depth 

of the snow (see below), I used climate data from Rutgers University to enter the 

number of snow storms in one calendar year. I used 2018, the last complete year 

of data, for the baseline scenario. In 2018, there were 6 storms that were up to 2 

inches, 4 storms between 2 and 6 inches, one storm between 6 and 12 inches, and 

no storms that were more than 12 inches (Office of the New Jersey State 

Climatologist, 2018). In my model, it is possible to project different snowfall 

amounts for each year. For consistency, I predicted the same number and 

distribution of snow storms for subsequent years for the baseline model.  

• Cost of snow plowing: I contacted three local snow plowing companies to receive 

an estimate of the cost of plowing per acre. The cost of snow plowing depends 

upon the size of the lot and the depth of the snow. For the cost of plowing per acre 

for each type of storm, I used an average between the prices estimated by the 

companies (pers. comm). For the baseline model, this resulted a set of costs 

(Table 4). 
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Table 4. Cost of snow plowing. 

Type of snow storm Cost of plowing per acre 

Up to 2 inches $240 

2 to 6 inches $350 

6 to 12 inches $470 

More than 12 inches $575 

 

• Cost of rock salt per acre: The baseline scenario assumes that parking lot acres 

plowed will also be salted with rock salt to prevent ice. Most public parking lot 

owners do put ice out when it is snowing, because otherwise they could be liable 

for user injuries (pers. comm). The estimated cost of salt is $30 per acre (Midwest 

Salt, 2019).  

• Snow plowing (yearly): I calculated this number by multiplying the cost of snow 

plowing for each type of storm by the frequency of that type of storm. I multiplied 

this by the number of acres in the lot. The sum of these four items represented the 

total projected plowing cost for the year.  

• Rock salt for de-icing (yearly): The yearly cost of rock salt for de-icing was 

calculated by multiplying the cost of salt per acre, the acres of impervious cover, 

and the number of snow storms per year. This figure is not affected by the 

intensity of the snow storm, since the property owner must salt the parking lot 

regardless of the size of the storm. 

• Snow management yearly cost: This is the sum of all the projected snow 

management costs for each year: rock salt and plowing.  
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• Snow management yearly cost – present value: Using the same present value 

equation as in the previous section, I calculated the present value for each year for 

snow management. 

• Snow management total cost – NPV: As in the previous section, this is the sum of 

the present value of each year for the parking lot’s entire 25 year life span. 

 

Asphalt Maintenance Costs 

 This section represented the costs incurred over time by routine maintenance of an 

impervious asphalt parking lot. I assumed that the parking lot is fairly new and in good 

condition to begin with, and that the property manager will not need to replace the asphalt 

within the next several years. I further assumed that the property manager takes all the 

recommended actions to maintain the parking lot properly.   

• Cost of sweeping per acre: Parking lots must be swept to clear away debris 

(leaves, dirt, litter, etc.) that accumulates over time. The average cost of sweeping 

a parking lot is approximately $0.075 per acre (TYMCO, 2017). 

• Frequency of sweeping per year: The recommended frequency of sweeping a 

parking lot is weekly (TYMCO, 2017). I assumed weekly sweeping for my 

baseline model. 

• Sweeping cost per year: I calculated the annual sweeping cost by multiplying the 

acres of impervious pavement by the cost of sweeping per acre and the frequency 

of sweeping. 

• Cost of line striping per acre: The lines that mark parking spaces must be 

repainted, as they fade over time. It costs an estimated $1,000 to repaint parking 
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spaces for a 100,000 square foot lot for a shopping center—the equivalent of 

approximately $435 per acre (East Coat Pavement, 2018).  

• Total cost of line striping: I multiplied the cost of line striping per acre by the 

number of impervious acres. For the baseline model, I assumed that a property 

manager will repaint the lines once per year as recommended (East Coat 

Pavement 2018).  

• Sealcoating price per acre: Parking lot owners should sealcoat their parking lot 

every 2-3 years to protect the asphalt from damage from gradual damage caused 

by ultraviolet rays, chemicals, oil or other fluids that may leak from parked cars, 

and everyday wear and tear (Hoover, 2015; Wolf, 2015; East Coast Pavement, 

2018). It can cost between $0.07 and $0.25 per square foot to sealcoat asphalt 

(East Coast Pavement, 2018; Ohio Paving, 2019). I used an average of these two 

costs ($0.16/sq ft) to estimate the cost at $6,970 per acre.  

• Total cost of sealcoating: I calculated this amount by multiplying the acres of the 

parking lot by the sealcoating price per acre. For the baseline model, I assumed 

that the parking lot owner would choose to save on sealcoating cost by 

performing this maintenance only once every three years.  

• Mobilization cost for pothole repair: Potholes commonly appear in asphalt 

surfaces (Figure 4), resulting from when water on the asphalt surface seeps into 

cracks and, during winter months, freezes, creating damage over time (East Coast 

Pavement, 2017). Property owners must repair pot holes regularly to keep 

conditions safe and prevent the asphalt from deteriorating further. The first cost 

related to pothole repair is the mobilization cost—the baseline cost of hiring a 
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repair crew to come to the property. The mobilization cost can range from $100 to 

$150. I estimated that it will cost the average of these two costs ($125).  

 

 

Figure 4. Pothole in the parking lot of Quakerbridge Mall. This will necessitate patching 

by the property owner. Photo by author on February 17, 2019. 

 

• Cost of repairing each pothole: The price of repairing an individual pothole can 

range from $35 to $129, depending on the contractor and the size of the pothole 

(Barrett & Greene 2009; SealMaster 2019). For my baseline model, I used the 

average of these two costs ($82).    

• Number of potholes per acre: I estimated that the property owner will have to fix 

4 potholes per acre of the course of a year.  
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• Total pothole repair cost: To estimate the total pothole repair cost per year, I 

multiplied the number of potholes per acre by the number of impervious acres and 

the cost of repairing each pothole. I added the one-time mobilization cost for the 

repair crew, assuming that the property owner hires the crew to come once per 

year and fix all the potholes at once.  

• Cost of resurfacing per acre: After several years, the asphalt surface of the parking 

lot must either be resurfaced (a new asphalt layer installed on top) or replaced (the 

previous asphalt broken up and disposed of, and a new layer laid down) (East 

Coast Paving, 2017). Resurfacing is the less expensive option, and can be done 

assuming that the parking lot has a property installed base (DC Construction, 

2019). I assumed that the property owner will choose to resurface rather than 

replace to save money, and that resurfacing will be necessary after 25 years, 

assuming that the parking lot has been properly maintained in order to last that 

long. It costs between $0.90 to $2.50 per square foot to resurface the parking lot 

with new asphalt (Brahney, 2015; Terhell & Cai, 2015; HomeAdvisor, 2019; 

Ohio Paving, 2019). I used the average of these to estimate the cost at $1.70 per 

square foot, which comes out to $74,052 per acre.  

• Total cost of resurfacing: Assuming that the property owner would have to 

resurface the parking lot once during the 25 year time span, I calculated this cost 

as the cost of resurfacing per acres multiplied by the acres of the parking lot in the 

twenty-fifth year. I assumed that the property owner would have to spend this 

much per acre to resurface the asphalt parking lot in the twenty-fifth year.  
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• Asphalt maintenance yearly cost: This is the sum of all the annual costs for 

maintaining asphalt: sweeping, line striping, seal coating, pot hole repair, and 

resurfacing.  

• Asphalt maintenance yearly cost – present value: I calculated the present value for 

the costs related to asphalt maintenance for each year. 

• Asphalt maintenance total cost – NPV: This is the sum of the present value for all 

the years of the model.  

• Total parking lot maintenance cost – NPV: This represents the cost to maintain an 

impervious asphalt parking lot for twenty-five years.  

 

Retrofitting Options 

I evaluated three potential retrofitting options: porous asphalt, bioretention basins, 

and public park space. To retrofit an impervious parking lot, it is first necessary to 

remove the asphalt. This cost applies to all three retrofitting options. 

• Cost of asphalt removal and disposal per acre: It costs between $2.50 and $3.50 

per square foot to hire a contractor to break up and dispose of asphalt 

(CostHelper, 2019). I used the average between these two costs to estimate that 

asphalt removal and disposal will incur a one-time cost of $130,680 per acre. 

• Total cost of asphalt removal: This represents the cost of asphalt removal per acre 

multiplied by the number of acres to be removed for retrofitting. 

• Asphalt removal total cost NPV: This is the net present value of the cost of 

asphalt removal and disposal. This model assumes that the property owner 

chooses to retrofit in the current year. 
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Porous Asphalt 

 The first retrofitting option was to remove a section of the impervious parking lot 

and replace it with porous pavement. Porous asphalt can be an attractive option for 

retrofitting because it still allows for keeping the same number of parking spaces, in case 

the property owner is wary of reducing the available parking. Porous asphalt allows 

rainwater to filter through the pavement and into the ground, thus reducing stormwater 

runoff (assuming the underlying soil allows for a sufficient infiltration rate). There are 

different types of pervious pavement available, including porous concrete, porous 

asphalt, and interlocking pavers (University of Maryland, 2011; Environmental 

Protection Agency, 2012). I chose to model porous asphalt because it is the least 

expensive option and has a lifespan comparable to traditional asphalt.  

 Because it still effectively functions as a parking lot, porous asphalt still comes 

with some of the costs associated with parking lots, including line striping to designate 

individual parking spaces. It also requires snow plowing in the winter. Porous asphalt 

must be plowed with a rubber-edged snow plow to avoid damage to the surface. I did not 

find information on whether this costs more than traditional plowing, and assumed that 

the costs are similar. Porous asphalt may need some salt or de-icing material in the 

winter, but it requires up to 75% less salt (University of New Hampshire Stormwater 

Center, 2011; Ballestero & Roseen, 2012).  

 Porous asphalt avoids the cost of stormwater fees (if a stormwater utility is 

enacted) and resulting water treatment. I subtracted the fee for cleaning storm drains from 

the portion of the parking lot that is converted, assuming that the porous asphalt’s 
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infiltration capabilities will reduce the cost of cleaning storm drains. Another cost savings 

comes from the fact that the porous asphalt does not need to be swept. However, it does 

need to be vacuumed annually to remove small sediment that may accumulate and clog 

the paving. 

 Most of the cost associated with porous asphalt comes with the initial removal of 

the impervious surface and installation of the porous one. Sources and assumptions for 

estimating the cost of retrofitting with porous asphalt are detailed below. 

• Cost of porous asphalt per acre: The cost of porous asphalt ranges from $31 to 

$48.40 per square yard (EPA 2012; University of Maryland 2011). I averaged 

those costs to estimate that it costs $8.82 per square foot and $384,119 per acre.  

• Acres of porous asphalt installed: This is equivalent to the number of acres of 

impervious pavement that will be removed and retrofitted with porous asphalt. 

• Total cost of porous asphalt: This cost is the product of the cost of porous asphalt 

per acre multiplied by the acres over which it is installed. This cost occurs twice 

over the course of 25 years: once when the porous asphalt is initially installed in 

year 1, and again in year 19 after the porous asphalt has reached its lifespan. 

• Cost of detention per acre: part of the construction of porous asphalt involves a 

subsurface layer that detains stormwater as it filtrates into the ground. This layer 

must be constructed before the top layer of porous asphalt is installed (Minnesota 

Stormwater Manual, 2019). The cost of detention construction is approximately 

$30,000 per acre (Terhell & Cai, 2015). 

• Total detention cost: This is the detention cost per acre multiplied by the total 

acres that will be retrofitted. 
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• Cost of installation per acre: This represents the cost of hiring contractors to 

install the porous asphalt. It is estimated to cost approximately $330,700 per acre 

(Terhell & Cai, 2015). 

• Total cost of installation: The total cost of installation is the product of the cost of 

installation per acre and the total number of acres of porous asphalt. 

• Cost of snow plowing: The previous snow management section accounts only for 

snow falling on the impervious portion of the parking lot. Because porous asphalt 

still needs to be plowed, this line includes the cost of plowing this specific area of 

the parking lot. It uses the same cost estimate calculated in the previous snow 

management section. 

• Cost of salt: The porous asphalt requires up to 75% less salt than regular asphalt. 

This line is calculated based on 25% of the cost of salt in the previous snow 

management section, multiplied by the number of acres of porous asphalt and the 

number of snow storms in which salt is required. 

• Yearly vacuuming per acre: Porous asphalt must be vacuumed once yearly to 

remove dirt and other debris that gathers over time and can clog its surface, 

preventing stormwater from infiltrating successfully. A yearly vacuum treatment 

costs approximately $800 per acre (Terhell & Cai, 2015). 

• Yearly vacuuming total cost: This is the cost of vacuuming per acre multiplied by 

the total acres of porous asphalt. 

• Permeability restoration cost per acre: Porous also requires permeability 

restoration every five years for its full permeability to be properly maintained. 

This costs approximately $3,500 per acre. 
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• Total permeability restoration cost: This is the cost of restoring permeability per 

acre multiplied by the total acres of porous asphalt. 

• Base restoration per acre: In the nineteenth year, when the porous asphalt has 

reached its lifespan and must be replaced, the base underneath the asphalt must 

also be restored before the new top layer is installed. This costs approximately 

$16,200 per acre (Terhell & Cai, 2015). 

• Total base restoration cost: This is the cost of base restoration per acre multiplied 

by the acres of porous asphalt. This cost occurs only once: in year nineteen, when 

the porous asphalt may have reached the end of its life and needs replacing. 

 

Bioretention Basins 

 For the second option, I evaluated the cost of installing one or more bioretention 

basins. Bioretention basins are an indented soil bed filled with plants (often native 

plants), and are designed to capture and infiltrate stormwater, removing pollutants as the 

water filters into the ground (New Jersey Stormwater Best Practices Manual, 2009). For 

this scenario, the property owner would have to be willing to give up parking spaces in 

exchange for better stormwater management and a more attractive landscape. This option 

would suit properties that have a clearly demonstrated excess of parking. The specific 

costs related to installing a bioretention basin or basins are listed below. 

• Cost of soil excavation per acre: While the Minnesota Stormwater Manual list 

vegetation removal as part of the construction cost of a bioretention basin, I did 

not include these costs because the basin will be installed on a bare surface left 

behind after the asphalt has been removed. Thus, it is not necessary to pay for the 
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cost of removing trees and brush. The first cost related to the installation of the 

bioretention basin is excavation of the top layer of soil to a four-inch depth, which 

costs approximately $10 per square yard, or $48,400 per acre (Minnesota 

Stormwater Manual, 2016). 

• Total cost of soil excavation: This is the cost of soil excavation per acre 

multiplied by the total acres over which a bioretention basin or basins will be 

installed 

• Cost of grading per acre: The soil must also be graded into a level surface after 

excavation. This costs approximately $1.50 per square yard, or $7,260 per acre 

(Minnesota Stormwater Manual, 2016).  

• Total cost of grading: This is the cost of grading per acre multiplied by the total 

acres of the retrofit area. 

• Cost of hauling off-site: Excess dirt and debris must be removed by hauling off-

site. This costs approximately $5.50 per square yard, or $26,620 per acre 

(Minnesota Stormwater Manual, 2016).  

• Total cost of hauling: To calculate the total cost of hauling, I multiplied the cost 

of hauling per acre by the total acres designated for the retrofit. 

• Cost of basin materials per acre (including inlet structure, outlet obstruction, and 

underdrain): University of New Hampshire estimates that the materials required 

for constructing the basin cost $4,675 per acre. 

• Total cost of basin materials: I multiplied the cost per acre by the number of acres 

to calculate the total cost of the basin construction materials. 
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• Cost of basin planting per acre: The bioretention basin requires a selection of 

appropriate native plants, which cost approximately $825 per acre (University of 

New Hampshire, 2009). 

• Total cost of basin plantings: For the first year, this is equivalent to the cost of 

basin plantings per acre multiplied by the total acres of the retrofitted area. I 

assumed that the plants required replacement every two years. 

• Labor cost per acre: Installing the bioretention basin incurs a labor cost. In its 

handbook for low-impact development, the University of New Hampshire 

estimates that it costs approximately $8,500 per acre for the installation of a 

bioretention basin (University of New Hampshire, 2009). 

• Total labor cost for installation: This is the cost of labor per acre multiplied by the 

acres that are converted into bioretention basins.  

• Yearly maintenance per acre: The bioretention basin must be monitored and 

maintained regularly to function properly. In one case study of a parking retrofit 

that installed vegetated infiltration basins, University of New Hampshire found 

that it cost approximately $1,100 per acre annually to operate and maintain the 

basins (University of New Hampshire, 2009). 

• Total cost of yearly maintenance: Yearly maintenance costs start in year 2, and 

are calculated by multiplying the cost of maintenance per acre by the total acres of 

the retrofit. 

• Bioretention basins yearly cost: This is the sum of the costs for each year related 

to the bioretention basin retrofit, from years 0 (construction) through 25. 
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• Bioretention basins yearly cost – present value: This is the present value of the 

cost of the retention basins for each year in the model. 

• Bioretention basin retrofit total cost – NPV: This is the sum of the present value 

of the complete cost of retrofitting the parking lot with the bioretention basin or 

basins, including the cost of asphalt removal.  

 

Public Park 

 The third option is to retrofit the parking lot with public park space. This may be 

the most appealing option for the public in general, since it would create more open 

gathering space. It would be especially attractive in developed areas like Route 1 that are 

otherwise dominated by parking lots and stores. For property owners whose malls have a 

clearly demonstrated excess of parking, this option could beautify the property and even 

attract more customers to the mall. 

 This section of the model allowed for five different park options, which were 

entered in the model as percentages of the retrofit: lawn, garden, playground, plaza with 

pervious pavers, and picnic area. The percentages of different park usages added up to 

100%, except for when the picnic area overlapped with either lawn or pervious pavers 

(these two lines in the spreadsheet have a Y/N option). For example, in my cost modeling 

of the park, I started with 50% lawn, 45% plaza with pervious pavers—of which 10% is a 

picnic area—and 5% garden. This adds up to 105%. Costs for the installation of the 

picnic area and the pervious pavers are calculated separately, but overlap in the actual 

installation of the park. Thus, for the line, “Does picnic area overlap with lawn?”, I 
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started with “N,” and for “Does picnic area overlap with pervious pavers,” I started with 

“Y.”  

The costs associated with installing and maintaining various park features are detailed 

below. 

• Cost of lawn per acre (includes installation): The Trust for Public Land estimates 

that a basic park lawn can cost between $200,000 to $600,000 per acre (Trust for 

Public Land, 2008). This estimate includes the costs of lighting, furnishings, and 

signage. Assuming that a property owner would strive to minimize cost, I used the 

lower bound of this estimate, $200,000 per acre. 

• Acres of lawn: To calculate the acres of lawn, I multiplied the acres dedicated to 

the retrofit by the percentage of the retrofit that will be lawn. 

• Total lawn installation cost: This is the cost of lawn installation per acre 

multiplied by the total acres of lawn. 

• Lawn maintenance per acre: I used the mean of three estimates of the cost of 

maintaining a park per acre. In 2009, the Trust for Public Land found that it cost 

an average of $21,178 per acre to operate downtown parks in the sixty largest 

cities. In 2015, the Minnesota Park and Recreation Board found that it cost an 

average of $10,558 to maintain one acre of park, across its 350 parks (2015). In 

2016, the National Park and Recreation Agency estimated that it costs on average 

$6,476 per acre (National Park and Recreation Agency, 2016). I used the mean of 

these three costs to balance for the effects of the different varieties of agencies 

surveyed in these studies: $12,737 per acre. 



 

48 

• Total lawn maintenance cost: The total lawn maintenance cost is the acres of lawn 

multiplied by the maintenance cost per acre. 

• Cost of garden per acre (includes installation): It costs between $500,000 to 

$800,000 per acre to install a garden in a downtown park, including lighting, 

furnishings, and signage (Trust for Public Land, 2008). Assuming that a property 

owner would aim to minimize cost, I used the lower bound of this estimate, 

$500,000 per acre. In my initial modeling scenario for the public park, I included 

5% dedicated to the garden, assuming that the property owner might want the 

visual appeal of a garden but without the high cost of a large garden. This garden 

might exist only along the border of the park, or in one specific area of the park.  

• Acres of garden: To calculate the acres dedicated to garden, I multiplied the acres 

dedicated to the park retrofit by the percentage of the retrofit that will be garden. 

• Total garden installation cost: This is the cost of installation per acre multiplied 

by the total acres of garden. 

• Garden maintenance per acre: I used the average maintenance cost per acre of 

park calculated in the previous step as a proxy for the annual cost of maintaining a 

garden. 

• Total garden maintenance cost: The cost of maintaining the garden is the cost per 

acre multiplied by the acres of garden. 

• Cost of playground per acre (includes installation): The Trust for Public Land 

estimates that it costs between $150,000 to $500,000 to install a playground in a 

downtown park, including lighting, furnishings, and signage (Trust for Public 

Land, 2009). Because the cost of the lower bound seemed unusually low (such 
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that it was lower than the cost of installing a lawn), I assumed that it is for a small 

playground area equivalent to one half acre or less. I used $300,000 as an estimate 

of the cost of installing a playground over a one-acre area. It is important to note 

that this is only the cost of construction, not of any additional insurance that may 

be necessary to operate the playground. In my starting scenario for the installation 

of a public park, I did not include the installation of the playground, assuming that 

the property owner would, for this initial retrofit, not want to deal with the 

additional insurance and public safety considerations that may come with a 

playground. However, I included it in the model to allow for different modeling 

options. Some property owners may view a playground as an asset, as it would 

serve as an additional public attraction that could entice shoppers to the mall. 

• Acres of playground: To calculate the acres of playground, I multiplied the 

percentage of the retrofit dedicated to playground by the total number of acres 

retrofitted. 

• Total playground installation cost: The total playground installation cost is the 

cost of installing a playground per acre  

• Playground maintenance per acre: I used the average maintenance cost per acre of 

park calculated in the lawn step as a proxy for the annual cost of maintaining a 

playground. 

• Total playground maintenance cost: The total annual maintenance cost is the cost 

per acre of playground multiplied by the total acres.  

• Cost of plaza made of permeable pavers per acre: Permeable pavers are 

interlocking pavers that allow stormwater to run through the joints between the 
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pavers. They are ideal for areas with pedestrian foot traffic. The EPA estimates 

that it costs between $504,860 to $555,632 per acre of permeable pavers, so I 

used the average of these ($530,246). For my initial model of the park, I assumed 

that a portion of the plaza would be dedicated to a picnic area. The cost of the 

picnic tables for the picnic area is calculated separately in the subsequent step. 

• Acres of plaza: The acres of public plaza is calculated by multiplying the total 

area of the retrofit by the percentage of the retrofit dedicated to public plaza area. 

• Total cost of plaza made of permeable pavers: This is the cost per acre multiplied 

by the acres of plaza. 

• Plaza maintenance cost per acre: I used the average maintenance cost per acre of 

park calculated in the lawn step as a proxy for the annual cost of maintaining a 

playground. 

• Annual vacuuming cost per acre: Like other types of pervious pavement, pervious 

pavers require annual vacuuming to remove dust and debris that may clog the 

joints between pavers over time, and maintain maximum stormwater infiltration 

capability. I used the same estimate previously stated in the porous asphalt 

section, $800 per acre annually. 

• Total plaza maintenance cost: This is the cost of vacuuming and general 

maintenance each year multiplied by the total acres of the plaza. 

• Cost of picnic area per acre: I included a picnic area in the park model because 

this is a relatively inexpensive feature that can act as a public attraction, especially 

at shopping centers that have food and beverage offerings. A half-acre picnic area 
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can include up to 12 large tables and trash receptacles, and costs around $20,944, 

or $41,888 per acre (Floyd, Suau, Layton, Maddock, & Bitsura-Meszaros, 2015).  

• Acres of picnic area: I calculated the acreage of the picnic area by multiplying the 

area of the retrofit by the percentage of the retrofit dedicated to the picnic area.  

• Total cost of picnic area: The total cost is the cost per acre multiplied by the arces 

of the picnic area.  

• No. of picnic tables: To calculate how many picnic tables will be installed, I 

multiplied the picnic tables per acre (24) by the number of acres, rounded to the 

next whole number. 

• Picnic area maintenance cost per acre: The cost of maintaining a half acre picnic 

area is approximately $5,000 to $10,000 per acre annually (Floyd, et al., 2015). 

Total picnic area maintenance cost: This is the cost per acre multiplied by the total 

number of acres.   

 

Stormwater falling on park. The next step was to calculate how much stormwater is 

absorbed (or not) by the park. In previous steps, I assumed that 100% of stormwater 

falling on retrofitted areas would be absorbed by porous asphalt or bioretention basins. 

The park retrofitting option required a different analysis of stormwater, since features like 

the playground or the lawn and garden will not absorb all the stormwater. For this step, I 

calculated how much stormwater will fall on each park feature, and how much will be 

absorbed by each. 

In a study of Philadelphia’s parks, the Trust for Public Land found that park areas 

with a large amount of grass, trees, and other plants resulted absorbed approximately 81 
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percent of the stormwater runoff (Trust for Public Land, 2009). This is less than the 

100% absorbed by systems like porous asphalt and biorention basins because, unlike 

these systems, parks are not necessarily designed to capture and infiltrate stormwater. 

However, this still represents a significant improvement over an impervious surface that 

absorbs none of the rainwater. I used the Trust for Public Land’s estimate of runoff 

absorbed as the basis for the estimate of how much runoff is absorbed by green areas of 

the park (lawn and garden). If the park includes a playground, that area of the park likely 

does not absorb stormwater. However, the area of the park that is dedicated to pervious 

pavers is specifically designed to absorb stormwater, and I assumed that this area will 

absorb 100% of its portion of the stormwater.  

The stormwater cost for the park was calculated with the following lines in the 

spreadsheet: 

• Gallons of stormwater falling on lawn: I estimated the gallons of stormwater that 

will fall on the lawn annually by taking the gallons falling on the retrofitted area 

calculated earlier and multiplying it by the percentage of park dedicated to lawn. 

The amount of rain annually is linked to the same amount of rain entered into the 

previous stormwater management section.  

• Gallons of stormwater falling on garden: Same as above 

• Gallons of stormwater falling on playground: Same as above 

• Gallons of stormwater falling on pervious pavers: Same as above 

• Gallons of stormwater falling on picnic area: For the picnic area, I took into 

account whether the picnic area overlaps with the lawn or pervious pavers. If the 

picnic area overlaps with either of those areas, as indicated in the above Y/N 
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options, then the picnic area counts for zero gallons of stormwater, as that amount 

of stormwater was already accounted for by either the lawn or the pervious 

pavers. If the picnic area overlaps with neither the lawn nor the pervious pavers 

(N/N), then I treated it as its own area of impervious cover. 

• Gallons of stormwater absorbed by park: I calculated the gallons of stormwater 

absorbed by the park by adding each section’s projected gallons of stormwater, 

multiplied by the amount of stormwater absorbed by that section:  

(0.81*gallons on lawn) + (0.81*gallons on garden) + (0*gallons on playground) + 

(1*gallons on pervious pavers) + (0*gallons on picnic area) 

• Gallons of stormwater not absorbed by park: This is the total of all the gallons of 

stormwater falling on the park, from which I subtract the gallons absorbed by the 

lawn, garden, and pervious pavers calculated in the previous step. 

• Cost of stormwater management for park: The cost of stormwater management 

for the park consists of the cost of stormwater management infrastructure per 

gallon multiplied by the number of gallons not absorbed by the park.  

• Park acres with impervious cover: This accounts for the park acres occupied by 

playground and picnic area (only if the picnic area does not overlap with lawn or 

pervious pavers). 

• Park stormwater fee: If a stormwater utility fee is enacted, this line multiplies the 

park impervious acres by the annual fee per acre calculated in the pervious 

stormwater management section. 
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Property value benefit. While there are documented public benefits of parks, such as 

improved air quality and public health, these values do not accrue to the shopping center 

owner. As such, they may not contribute to the financial case for a shopping center owner 

to choose to retrofit an underutilized parking lot. However, there is one aspect of park 

valuation that may be very attractive to a shopping center owner. Parks have been shown 

to have a positive affect on nearby residential property, and it is likely that this affect also 

adds to the property value of commercial property near parks (Trust for Public Land, 

2009). The Trust for Public Land estimates conservatively that parks add an estimate 5% 

to the property value of parcels located within 500 feet of the park (Trust for Public Land, 

2009). Since the park would be located on the shopping center’s property, the shopping 

center would presumably benefit from this proximity. 

I used property value and property tax data from the shopping center inventory to 

calculate the added property value (minus the increased property tax) benefit of 

retrofitting with a park. 

• Property value before park installation: The property value comes from the 

Mercer County GIS Data Viewer used in the shopping center inventory. This 

represents the net property value (land value + improvements), as the property 

currently stands with its all-impervious parking lot. I used Quakerbridge Mall as 

the example for this cost-benefit analysis. 

• Property tax before park installation: The property tax comes from the Mercer 

County GIS Data Viewer. This represents the property tax collected as the 

property currently stands with its all-impervious parking lot.  
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• Effective property tax rate: To calculate the effective property tax rate, I divided 

the property tax before park installation by the property value before park 

installation. 

• Percentage increase in property value after park installation: This is the estimated 

percentage increase in property value due to the park installation. I used the Trust 

for Public Land’s estimate of 5%. 

• Increase in property value after park installation: This is the property value before 

installation multiplied by the percentage increase in property value. 

• Total property value after park installation: This is the sum of the initial property 

value plus the increase in property value once the park has been installed. 

• Property taxes after park installation: This is the new property tax amount after 

the increased property value once the park has been installed. I assumed that the 

effective property tax rate remains the same. 

• Increased property value due to park installation: I calculated the total increase in 

value by subtracting the original value and the new property tax amount from the 

new total property value. 

• Benefit of increased property value: Because this is an analysis of the costs of 

installing a public park, the benefit of increased property value is treated as a 

negative cost. 

• Public park yearly cost: To calculate the yearly cost of the public park, I added the 

costs of installation, annual maintenance, stormwater management cost and fees, 

and the benefit of increased property value. 
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• Public park yearly cost – present value: To calculate the present value of each 

annual cost, I used the same equation as in previous sections. 

• Public park total cost – NPV: This is the net present value of the public park: the 

sum of the present value of all the years in the model. 

• Public park retrofit total cost – NPV: This is the net present value of the public 

park retrofit plus the cost of removing the original impervious asphalt. It 

represents the total net present value of the public park retrofit. 

 

Solar Panels 

 Initially, I planned to evaluate the cost of another alternative: mounting solar 

panels above the parking lot to generate energy. Some retail and university locations have 

installed solar panels mounted on poles above parking lots to demonstrate their 

commitment to renewable energy. Examples include an REI sporting goods store in 

Framingham, Massachusetts and Stockton University in Galloway, New Jersey 

(Petrishen, 2012; Blue Sky Power, 2019). While this may seem like an appealing option 

to renewable energy advocates, initial investigation revealed that this is not a cost-

effective option for suburban shopping centers. Mounting solar panels above the ground 

is much more expensive than mounting them on the ground or on roofs of buildings, as it 

requires additional materials for its structure and foundation (Puttré, 2015; Richardson, 

2019). It is best used where the roof is not available. This is not the case for suburban 

shopping centers, which have wide, flat roofs that would be ideal for solar panels. It 

would be more cost-effective for these properties to install solar panels on the roof. 

Furthermore, by installing solar panel ports above the parking lot, the property owner 
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would effectively prevent any alternative use of the land below, and this would not solve 

the original problem of the impervious land cover.  
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Chapter III

Results 

 

In the shopping center inventory, I found 60 shopping centers in Mercer County. 

These shopping centers were associated with approximately 39,175 parking spaces. The 

area occupied by these parking spaces is equivalent to approximately 336 acres of land 

(Table 5).   

 

Table 5. Characteristics of shopping centers in Mercer County. 

Type # locations in 

Mercer  

Mean spaces Mean 

acres of 

parking 

Strip/Convenience 17 122 (n = 12) 1.2 

Neighborhood Center 31 448 (n = 17) 4.3 

Community Center 6 1235 (n = 5) 9.2 

Regional Mall 4 2579 (n = 3) 22.2 

Super-regional mall 1 5216 (n = 1) 37.8 

Mean across all samples 749 (n = 38) 6.2 

 

Mercer County has an estimated population of 374,700. With 21% of the 

population under the age of 18 years, the estimated adult population is 296,013 (U.S. 

Census, 2017). As such, there are enough shopping center parking spaces to serve 

approximately 13% of Mercer County’s adult population simultaneously. It is also 

interesting to compare the number of parking spaces with the populations of individual 

townships within the county. The town of Ewing has a population of approximately 
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35,800 (American FactFinder, 2010). There is enough shopping center parking in the 

county that every person in Ewing (including children) could shop simultaneously in 

separate vehicles and still have spaces left over.  

 

Parking Lot Occupancy and Underutilization 

The five shopping centers that I sampled for parking lot usage had a median 

occupancy of 35% (Figure 5). Separating the samples based on location, time of day, and 

weekday vs. weekend, three shopping centers had mean occupancy lower than 50%, and 

the other two centers had mean occupancy lower than 81% (Figure 6). 

 

 
 

Figure 5. Cumulative distribution function of parking lot occupancy samples. The typical 

percentage of occupancy was close to one third (median = 0.35), and the highest observed 

was less than 0.9. 
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Even though median use was strikingly low, even peak use did not go above 89% 

(Figure 6). This indicates that significant areas of these parking lots are chronically 

underutilized.  

 

 

 
Figure 6. Mean, highest, and lowest occupancy for all five locations at all three times. 

Mean occupancy was based on at least four samples for each time (9-10 am, 1-2 pm, 4-5 

pm) and condition (weekday versus weekend), counted by visiting the locations 

repeatedly over a 3-month period. Dots indicate the mean. Bars represent the highest and 

lowest observed samples at the location for the indicated time. Filled in dots represent the 

weekend samples. Full sampling results for each location are available in Appendix 1. 

 

 Evidence collected during the sampling supported the common assertion that 

December is the busiest shopping month, and thus it is likely that this study did in fact 

capture peak occupancy at each of these parking lots. The highest observed occupancies 

for four of the five shopping centers occurred in the week before Christmas, with none of 

the times in January or February reaching those peaks (Figure 7). The one exception was 

West Windsor Plaza, which reached its highest observed occupancy, 39%, in January. 

This may be explained by the fact that the anchor store in West Windsor Plaza is a 

grocery store, which generates more frequent visits than other types of retail locations.  
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Figure 7. Highest observed percentage occupancy for each shopping center.  

 

 

 In addition to observing busier parking lots in December, my weekly observations 

found that for three of the five locations, Google Maps’ reported busiest hours were 

correct (Quakerbridge Mall, West Windsor Plaza, and Windsor Green). The busiest hour 

I observed at Mercer Mall, 1-2 pm on a weekend, was adjacent to Google Maps’ busiest 

hour for that location (2-3 pm). This provides further evidence that my sampling captured 

the highest weekly traffic for these locations. 

To show the full range of the data, I plotted the frequency distribution of 

occupancy across all locations and times (Figure 8). None of the parking lots ever 

reached peak capacity, and none were ever observed in the 91-100% range.   
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Figure 8. Relative frequency of parking lot utilization across all lots and times.  

 

 

There was not a significant difference between the two observed conditions, 

weekday or weekend. The mean increase for equivalent weekend times at the same 

location was 6.6% (Figures 9-11).  
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Figure 9. 9-10 am, weekday vs. weekend occupancy. 

 

 
 

 
Figure 10. 1-2 pm, weekday vs. weekend occupancy. 
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Figure 11. Weekday vs. weekend occupancy, 4-5 pm. 

 

 

 

 To further explore the results of the parking lot sampling, I evaluated the extent to 

which different factors—day of the week (weekday vs. weekend), time of day, and the 

size of the parking lot affected the percentage occupancy with a three-factor analysis of 

variance (ANOVA). This analysis detected a significant effect from time of the day (F(2, 

119) = 36.93, p = 10-12) and a significant effect from the number of spaces (F(1, 119) = 

10.13, p = 0.002). However, there was no reliable effect from the day of the week (F(1, 

119) = 10.13, p = 0.055). 

The survey of parking lot occupation indicated that significant areas of these lots 

are chronically underutilized. Mercer County’s underutilized parking spaces represent 

nearly $31 million dollars per year in opportunity cost, with land sitting vacant that could 

be used for better purposes. Assuming that my peak observed occupancy at each type of 

shopping center is generalizable within the county, I estimated that the land value of 
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parking spaces that remain empty is $30,853,618 annually (Table 6). This result supports 

the concept that some portion of parking lots could be retrofitted for better stormwater 

management and greater public benefit. 

 

Table 6. Value of underutilized parking spaces across Mercer County. 

Type Total 

estimated 

parking 

spaces 

Mean 

value 

per 

space 

Total annual 

value 

Peak 

observed 

occupancy 

Estimated 

opportunity 

cost of 

underutilized 

spaces 

Strip/Convenience 2,338 $2,236 $5,227,768 63% $1,934,274 

Neighborhood 

Center 

13,894 $2,979 $41,390,226 87% $5,380,729 

Community 

Center 

7,410 $1,770 $13,115,700 39% $8,000,577 

Regional Mall 10,317 $3,489 $35,996,013 89% $3,959,561 

Super-regional 

mall 

5216 $5,045 $26,314,720 56% $11,578,477 

Total 39,175 N/A $122,044,427 N/A $30,853,618 

 

Cost-Benefit Analysis 

 

 Because Quakerbridge Mall was never observed to be more than 63% full during 

the parking lot sampling, it is a prime candidate for retrofitting. I used Quakerbridge 

Mall—with its 5216 spaces covering 38 acres—as my model for the baseline spreadsheet.  

 

Baseline Model  

To establish the baseline model, I estimated the cost of maintaining an impervious 

asphalt parking lot over 25 years, as explained in detail in the methods section. The 

baseline model allowed comparison of four different scenarios: maintaining the asphalt as 

is, retrofitting 10% of the asphalt with porous asphalt, retrofitting 10% of the lot with 
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bioretention basins, or retrofitting 10% of the lot with a public park. The spreadsheet for 

the baseline model included yellow cells for input values (such as the cost of filling 

potholes) and purple cells for output values (the cost), allowing for the input of a range of 

parameter values to model how different costs affect the net present value (Tables 7-10). 
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Table 7. Baseline scenario cost of maintaining a 38-acre asphalt parking lot. Table continues on next page. 
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Table 7 (continued). Baseline scenario cost of maintaining a 38-acre asphalt parking lot. 
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Table 8. Baseline scenario cost of retrofitting 10% of parking lot with porous asphalt. 

 

 

 

 

 

 

 

 

 

 

 



 

70 

Table 9. Baseline model cost of retrofitting 10% of lot with bioretention basins. Table continues on next page. 
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Table 9 (continued). Baseline model cost of retrofitting 10% of lot with bioretention basins. 
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Table 10. Baseline model cost of retrofitting 10% of lot with public park. (Table continued on next page.) 
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Table 10 (continued). Baseline model cost of retrofitting 10% of lot with public park. Yearly maintenance for the park are the same for 

all 25 years, assuming the same amount of rain and snowfall. 
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 Assuming that no area of the parking lot is retrofitted over twenty-five years, 

consistent levels of rain and snow, and no stormwater utility fee, this net present cost of 

maintaining the asphalt parking lot ranges from approximately $3.2 million to $8.9 

million depending on the discount rate (Figure 12).  

 

Figure 12. Net present value of the cost of maintaining a 38-acre all-impervious asphalt 

parking lot over 25 years under varying discount rates. This scenario assumes consistent 

rain and snowfall, and no stormwater utility fee. 

 

Retrofitting Options 

 Next, I evaluated the cost of retrofitting 10 to 30% percent of the parking lot. 

Because Quakerbridge Mall is at most 63% occupied, I assumed that a property owner 

would not want to retrofit more than 30% of the lot, keeping it an appropriate size for 

their customers. The cost of retrofitting the parking lot includes the cost of maintaining 

the remaining asphalt, removing and disposing of 10-30% percent of the asphalt, and 
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installing one of the three retrofitting options in that section of the parking lot (Figures 

13-15).  

 

Figure 13. Net present value of the cost of maintaining a 38-acre all-impervious asphalt 

parking lot over 25 years, compared with the cost of retrofitting 10% of that lot. The three 

different retrofitting options are either porous asphalt, bioretention basins, or a public 

park.  
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Figure 14. Net present value of the cost of maintaining a 38-acre all-impervious asphalt 

parking lot over 25 years, compared with the cost of retrofitting 20% of that lot. Options 

include porous asphalt, bioretention basins, or a public park, under same assumptions as 

previous figure.  

 

Figure 15. Net present value of the cost of maintaining a 38-acre all-impervious asphalt 

parking lot over 25 years, compared with the cost of retrofitting 30% of that lot. Options 

include porous asphalt, bioretention basins, or a public park, under same assumptions as 

previous figure.  
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 Removing impervious asphalt in order to replace it with porous asphalt is much 

more expensive than all the other options (Figure 16). In contrast, the relative cost of 

either maintaining impervious asphalt or retrofitting 10-30% of it with bioretention basins 

or a public park varies depending on the size of the retrofit and the discount rate.  

 Assuming the same middle-of-the-road discount rate over 25 years, retrofitting 

10% of the parking lot with a public park is the most cost-effective option for the lower 

bound of retrofitting. At the higher end, 30%, bioretention basins are the least expensive 

(Figure 16). 

Figure 16. Net present cost of different retrofitting scenarios at a fixed 5% discount rate 

and no stormwater fee. This includes the cost of maintaining the remaining asphalt. 

 

 If the municipality decided to enact a stormwater utility fee, it could add more 

than $200,000 to the net present cost of an all-impervious parking lot. However, at a cost 
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of $300 per impervious acre (and with a 3.3% annual increase), this fee did not make the 

retrofitting options more financially attractive than leaving the asphalt as-is—with the 

exception of reconstructing 10% of the lot with a public park, which was cheaper under 

no stormwater utility fee (Figure 17). It does somewhat reduce the gap between the cost 

of leaving the asphalt as-is and retrofitting with bioretention basins. Stormwater utility 

fees would have to be higher to make the retrofitting options more cost-effective than 

simply maintaining an asphalt parking lot. 

 

Figure 17. Net present cost of different retrofitting scenarios at a fixed 5% discount rate 

and with a stormwater utility fee. This includes the cost of maintaining the remaining 

asphalt. 

 

Sensitivity analysis 

 With many different variables affecting the cost of both regular asphalt 

maintenance and the three retrofitting options, I performed a sensitivity analysis to find 
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out which factors most affected the total net present cost. I assumed that the property 

owner wants to evaluate the middle-of-the-road scenario: retrofitting 20% of the parking 

lot with a 5% discount rate (Figures 18-21). 

 For asphalt maintenance (Figure 18), the most important factor in the total cost is 

whether or not a stormwater utility fee is enacted. Enacting the stormwater utility fee, as 

well as its cost per acre and its annual percentage increase, had the most effect. The 

second most important effect on the cost of asphalt maintenance was the number of snow 

storms, followed by the cost of snow plowing. 

 For porous asphalt (Figure 19), the cost of the porous asphalt was the most 

significant factor in the total cost of this retrofitting option. This indicates that porous 

asphalt is the most expensive choice simply because it is an expensive material in itself. 

 The bioretention basin option (Figure 20) was not strongly affected by the cost of 

its materials. The most significant factor in its cost is the cost of removing the impervious 

asphalt, followed by soil excavation in preparation for installation. As such, bioretention 

basins might be a good option for when an impervious parking lot has reached the end of 

its lifespan, and is being removed for replacement anyway. If the property owner is 

already incurring the cost of removing the parking lot, this would be a good time to 

install a bioretention basin. 

 The most significant factor in the public park retrofitting option (Figure 21) was 

the percentage increase in property value. The increase in property value is what makes 

the public park the most financially attractive option at a 10% retrofit. 
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Figure 18. Percentage change in net present cost of asphalt maintenance with a 10% increase in the cost of each variable. 
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Figure 19. Percentage change in net present cost of porous asphalt installation with a 10% increase in the cost of each variable. 
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Figure 20. Percentage change in net present cost of installing bioretention basins with a 10% increase in the cost of each variable.
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Figure 21. Percentage change in net present cost of installing a public park with a +/- 

10% increase in each variable.  
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Chapter IV

Discussion 

 

 Although I predicted that parking lots would be less than 85% occupied, I did not 

expect the extent to which these lots are truly underutilized. Quakerbridge Mall and West 

Windsor Plaza particularly stood out as underutilized, with peak observed occupancy of 

63% and 39%, respectively. To put it bluntly, these lots an even larger waste of space 

than expected.  

 The other most surprising result of this study was finding that retrofitting a 

parking lot in many cases cost more than keeping the all-impervious parking lot, even 

when a stormwater utility fee is enacted. Advocates for sustainability sometimes present 

an overly rosy picture of the cost of installing more environmentally friendly features. 

Yet in this model, most retrofitting options were actually more expensive to the property 

owner than leaving the asphalt as-is. 

 This points to the importance of long-term planning for sustainability. It might not 

be cost-effective for a property owner to rip out part of a somewhat new asphalt parking 

lot and replace it with porous asphalt. However, once the parking lot reaches the end of 

its life, the property owner will have to spend money on some repairs or on a complete 

replacement. This is the stage at which it would make most sense to install something like 

bioretention basins—especially since most of the cost of bioretention basins is from 

removing the asphalt. 
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 There was one option that stood out as being less expensive than keeping the all-

impervious parking lot: retrofitting 10% of the lot with a public park. The park’s 

contribution to increased property value makes it a financially attractive option. This 

would be most likely to convince a property owner that it is worthwhile to retrofit some 

of the underutilized parking lot. 

 

Additional Analyses 

In the parking lot sampling part of the research, it was surprising that day of the 

week did not have a large effect, since I expected that weekend days would have much 

higher occupancy. It was possible that in the ANOVA, a significant effect due to one 

factor might be better explained as an interaction between two factors. Conversely, the 

significance of another factor might not be detected if it is obscured by opposing 

interaction-related effects. 

To confirm the robustness of my ANOVA results, I used an alternative ANOVA 

model to include pairwise interactions, in addition to the main effects from each of the 

original factors. This interaction model replicated the results from the original model with 

only the main effects (time, F(2,114) = 20.56, p = 10-8; spaces, F(1, 114) = 10.09, p = 

0.002; day of the week, F(1, 114) = 0.05, p = 0.81). I did not detect a significant effect for 

any of the pairwise interactions. Thus, the percentage of the lot occupied depended on the 

time of day and the size of the parking lot, but not on whether the sample was taken on a 

weekday or weekend. 
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I also looked at what time of day had the highest occupancy. I pooled samples 

across lots of different sizes and days of the week for this analysis (Figure 22), and 

analyzed the relationship between parking lot size and occupancy (Figure 23). 

 
 

 
Figure 22. Percentage of parking spaces occupied across the three sampled times of the 

day. On each box, the central line indicates the median. The bottom and top edges of the 

box indicate the 25th and 75th percentile, and the whiskers indicate the range of data 

points. The x-axis labels indicate the time of day of the sample. Because I detected no 

pairwise interaction effect, I pooled the samples across lots of different sizes and days of 

the week. The percentage of occupied spaces appears lower in the morning than during 

either early or late afternoon. Comparison between the morning and early afternoon 

samples and between morning and late afternoon confirms this effect (using the Tukey-

Kramer method, morning vs. early afternoon, p = 10-7; morning vs. late afternoon, p = 

10-9). The occupancy of early afternoon is not significantly different from that of the late 

afternoon (p = 0.06). 
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Figure 23. Percentages of parking spaces occupied across lots of different sizes. I plotted 

the distribution of the percentage of spaces occupied between the parking lot size and the 

average number of spaces occupied. This regression line indicates a negative relatinship 

between the size of a parking lot and the average percentage of occupied spaces in that 

lot.  

 

 

 After evaluating how occupancy level depending on factors related to sampling, I 

evaluated the occupancy level during the busiest times and in the busiest parking lots. 

Because occupancy was higher in the afternoon than in the morning, I restricted this 

analysis to the afternoon samples. Furthermore, when samples from Quakerbridge Mall 

were excluded, there was not a strong relationship between the size of the parking lot and 

occupancy (p = 0.52). Therefore, I further restricted this analysis to the smaller four lots 

(Mercer Mall, Windsor Plaza, Windsor Green, and Manors Corner). Analyzing this 

subset of data, I found that the median fraction of occupancy was 0.49, indicating that 
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typical occupancy is less than half even during the busiest times of the day and the 

busiest parking lots in Mercer County (Figure 24). 

 

 
 

 

Figure 24. Median occupancy of 4 smaller lots during the afternoon. Even during 

the busiest times of the day and the busiest parking lots, typical occupancy is less 

than half of the parking lot. 

 
 

Research Limitations 

 This research was limited by the uncertain nature of estimating parking demand. I 

assumed that samples taken during a limited time frame (December 2018 to February 

2019) represent parking lot occupancy ranging from typical usage (January) to high-

volume usage (the weeks before Christmas in December). Additionally, this study relied 

on the somewhat limited sample of four separate samples for each location and time. 
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Ideally, a comprehensive parking study would sample occupancy during every month of 

the year and at more times throughout each weekday and weekend.  

The cost-benefit portion of this study relied on a few key assumptions. Most 

significantly, it assumed that any acre of parking lot being retrofitted had the desirable 

soil characteristics for the porous asphalt and bioretention basins to work properly. Green 

infrastructure that results in direct infiltration of stormwater into the soil (such as porous 

asphalt and bioretention basins, the examples used in this analysis) must only be installed 

in areas where the soil allows for a high rate of infiltration. It requires the proper 

underlying soil and geological characteristics for stormwater to infiltrate, and it cannot be 

located near sites that might contribute to groundwater contamination, such as 

agricultural operations (New Jersey Department of Environmental Protection, 2016). The 

general guideline is that the infiltration should be greater than 0.25 to 0.5 inches of 

rainwater per hour (Environmental Protection Agency, 2018c). If the soil is composed of 

clay or glacial till, it will not infiltrate the water quickly enough, leading to difficulties 

(Environmental Protection Agency, 2018c). Evaluating the composition of the soils in 

Mercer County was outside the scope of this research, so the cost-benefit analysis 

assumed that the soil is acceptable. 

 A further assumption was that the soil in Mercer County did not require 

remediation. Soils in developed areas may require treatment before green infrastructure 

can be installed, due to soil compaction and contamination (Environmental Protection 

Agency, 2018c). Because it was not within the scope of this study to evaluate Mercer 

County’s soil quality, the cost-benefit analysis assumed that remediation was not required 

for retrofitting shopping center parking lots. 
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Conclusions 

The severe underutilization of Mercer County’s parking lots indicates that these 

vast areas of impervious cover could be put to better use. Compounded across thousands 

of shopping centers in the United States, which likely experience similar underutilization, 

this represents a massive waste of land. Do we really want to bury acres of land under 

inert, lifeless asphalt, useful only for the temporary storage of cars—cars that may never 

even arrive? As the country grows in population and undergoes denser development, it is 

more important than ever to make responsible land use decisions, and not to blindly 

follow past development patterns. 

These research findings should encourage municipalities to reevaluate zoning 

regulations related to parking lots, which may be outdated and not based on actual 

parking demand. While the public may initially be reluctant to accept fewer parking 

spaces, it might be persuaded by the concept that fewer parking spaces could mean more 

public parks and green space.  If super-regional malls like Quakerbridge removed a 

portion of their parking lots to install parks, it would please mall goers, attract new 

visitors, and increase property values—a winning proposition that would also benefit the 

environment. 
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Appendix 1

Full Results of Parking Lot Sampling 

 

Table 11. Quakerbridge Mall: percentage of spaces occupied, out of 5,216 total. 

Date/Time 9-10 am 1-2 pm 4-5 pm 

Wednesday 

1/16/2019 

6% 

 

  

Tuesday 

1/22/2019 

8%   

Wednesday 

1/23/2019 

7% 

 

  

Thursday  

1/24/2019 

6% 

 

  

Friday 

1/25/2019 

8%   

Wednesday 

1/2/2019 

 25%  

Friday 

1/4/2019 

 31%  

Thursday 

1/10/2019 

 26% 

 

 

Monday 

1/14/2019 

 22% 

 

 

Monday 

12/17/2018 

  31% 

Wednesday 

12/12/2018 

  27% 

Thursday 

12/20/2018 

  34% 

Friday 

12/21/2018 

  48% 

Saturday 

12/1/2018 

24%   

Sunday 

12/9/2018 

6%   

Saturday 

12/22/2018 

19%   
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Sunday 

1/6/2019 

4% 

 

  

Sunday 

12/2/2018 

 48%  

Saturday 

1/5/2019 

 38% 

 

 

Saturday 

1/12/2018 

 37% 

 

 

Sunday 

2/10/2019 

 38% 

 

 

Saturday 

12/15/2018 

  55% 

Saturday 

12/22/2018 

  63% 

Sunday 

1/27/2019 

  34% 

 

Sunday 

2/17/2019 

  36% 

 

 

Table 12. Mercer Mall: percentage of spaces occupied, out of 1617 total. 

Date/Time 9-10 am 1-2 pm 4-5 pm 

Tuesday 

1/29/2019 

19% 

 

  

Wednesday 

1/30/2019 

19%   

Thursday 

1/31/2019 

18% 

 

  

Tuesday 

2/5/2019 

20% 

 

  

Thursday 

1/3/2018 

 53%  

Friday 

1/11/2019 

 54%  

Tuesday 

1/15/2019 

 49% 

 

 

Thursday 

1/17/2019 

 54% 

 

 

Thursday 

12/13/2018 

  48% 

Friday 

12/14/2018 

  44% 

Tuesday   42% 
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12/18/2018 

Wednesday 

12/19/2018 

  48% 

Saturday 

12/1/2018 

45%   

Saturday 

1/5/2019 

23%   

Sunday 

1/6/2019 

22%   

Saturday 

1/26/2019 

26% 

 

  

Saturday 

12/15/2018 

 81%  

Saturday 

12/22/2018 

 86% 

 

 

Saturday 

2/9/2019 

 63% 

 

 

Saturday 

2/23/2019 

 68% 

 

 

Sunday 

12/2/2018 

  40% 

Saturday 

2/9/2019 

  57% 

Saturday 

2/23/2019 

  56% 

 

Sunday 

2/24/2019 

  49% 

 

 

Table 13. West Windsor Plaza: percentage of spaces occupied, out of 1,046 total. 

Date/Time 9-10 am 1-2 pm 4-5 pm 

Wednesday 

1/16/2019 

15% 

 

  

Wednesday 

1/23/2019 

15%   

Thursday 

1/24/2019 

15% 

 

  

Thursday 

1/31/2019 

14% 

 

  

Wednesday 

1/2/2019 

 33%  

Thursday 

1/3/2019 

 31%  
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Friday 

1/4/2019 

 30% 

 

 

Thursday 

1/10/2019 

 29% 

 

 

Friday 

1/11/2019 

 33%  

Monday 

12/17/2018 

  23% 

Tuesday 

12/18/2019 

  28% 

Wednesday 

12/19/2018 

  25% 

Friday 

12/21/2018 

  23% 

Saturday 

12/1/2018 

16%   

Sunday 

12/9/2018 

16%   

Saturday 

12/15/2018 

17%   

Saturday 

12/22/2018 

20% 

 

  

Sunday 

1/6/2019 

14%   

Sunday 

12/9/2018 

 35%  

Saturday 

12/22/2018 

 32% 

 

 

Saturday 

1/12/2019 

 39% 

 

 

Saturday 

1/26/2019 

 39% 

 

 

Sunday 

12/2/2018 

  34% 

Saturday 

12/22/2018 

  24% 

Sunday 

1/13/2019 

  27% 

 

Saturday 

1/26/2019 

  33% 
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Table 14. Windsor Green: percentage of spaces occupied, out of 619 total 

Date/Time 9-10 am 1-2 pm 4-5 pm 

Wednesday 

1/16/2019 

27% 

 

  

Wednesday 

1/23/2019 

37%   

Thursday 

1/24/2019 

27% 

 

  

Tuesday 

1/29/2019 

56% 

 

  

Wednesday 

1/2/2019 

 71%  

Thursday 

1/3/2019 

 73%  

Friday 

1/4/2019 

 71% 

 

 

Thursday 

1/10/2019 

 63% 

 

 

Tuesday 

12/18/2018 

  51% 

Wednesday 

12/19/2018 

  52% 

Thursday 

12/20/2018 

  49% 

Thursday 

2/14/2019 

  51% 

Saturday 

12/1/2018 

48%   

Sunday 

12/9/2018 

28%   

Saturday 

12/15/2018 

55%   

Saturday 

12/22/2018 

61% 

 

  

Saturday 

12/15/2018 

 84%  

Saturday 

12/22/2018 

 89% 

 

 

Sunday 

1/27/2019 

 77% 

 

 

Sunday 

2/10/2019 

 73% 

 

 

Sunday 

12/2/2018 

  59% 
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Sunday 

1/13/2019 

  56% 

 

Saturday 

2/9/2019 

  68% 

 

Sunday 

2/17/2019 

  54% 

 

 

 

Table 15. Manors Corner: percentage of spaces occupied, out of 129 total. 

Date/Time 9-10 am 1-2 pm 4-5 pm 

Wednesday 

1/16/2019 

22% 

 

  

Monday 

1/22/2019 

23%   

Wednesday 

1/23/2019 

16% 

 

  

Thursday 

1/24/2019 

15% 

 

  

Wednesday 

1/2/2019 

 49%  

Thursday 

1/3/2019 

 45%  

Friday 

1/4/2019 

 47% 

 

 

Monday 

1/14/2019 

 35% 

 

 

Tuesday 

12/18/2018 

  50% 

Wednesday 

12/19/2018 

  41% 

Thursday 

12/20/2018 

  54% 

Friday 

12/21/2018 

  55% 

Sunday 

12/9/2018 

20%   

Saturday 

12/15/2018 

36%   

Saturday 

12/22/2018 

24%   

Sunday 

1/6/2019 

8% 
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Sunday 

1/13/2019 

18%   

Sunday 

12/9/2018 

 27%  

Saturday 

12/22/2018 

 41% 

 

 

Saturday 

1/5/2019 

 39% 

 

 

Saturday 

1/12/2018 

 50%  

Sunday 

12/2/2018 

  19% 

Saturday 

12/22/2018 

  21% 

 

Sunday 

1/13/2019 

  18% 

 

Saturday 

1/26/2019 

  26% 
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Appendix 2 

Breakdown of Parking Lot Sampling within Quakerbridge Mall 

 

Table 16. Quakerbridge Mall individual parking lot occupancy. 

 Lot A 

Total 

spaces: 

546 

Area: 4 

acres 

Lot B 

Total 

spaces: 

429 

Area: 4 

acres 

Lot C 

Total 

spaces: 

702 

Area:  

5 acres 

Lot D 

Total 

spaces: 

827 

Area: 

5.9 

acres 

Lot E 

Total 

spaces 

443 

Area: 

3.5 

acres 

Lot E 

annex 

Spaces 

115 

Area: 

0.9 

acres 

Lot F 

Total 

spaces 

322 

Area: 

2.3 

acres 

Lot F 

Annex 

Spaces 

115 

Area: 

0.9 

acres 

Lot G 

Total 

spaces 

733 

Area: 

4.8 

acres 

Lot H 

Total 

spaces 

325 

Area: 

2.3 

acres 

Lot I 

Total 

spaces 

512 

Area: 

4.1 

acres 

Side lot 

Total 

spaces 

147 

Area 

1.1 

acres 

Wednesday 

1/16/2019 

9-10 am 

12% 3% 8% 0% 5% 1% 0% 9% 4% 9% 2% 48% 

Tuesday 

1/22/2019 

9-10 am 

11% 2% 10% 0% 9% 0% 17% 12% 6% 12% 2% 40% 

Wednesday 

1/23/2019 

9-10 am 

9% 3% 10% 0% 4% 1% 17% 10% 5% 8% 2% 37% 

Thursday 

1/24/2019 

9-10 am 

7% 2% 7% 0% 7% 0% 25% 9% 3% 8% 2% 36% 

 

Friday 

1/25/2019 

9-10 am 

10% 2% 13% 0% 7% 0% 30% 7% 6% 8% 1% 33% 
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Sunday 

12/9/2018 

9-10 am 

n/a n/a 10% 1% 7% 5% 0% 18% n/a n/a n/a n/a 

Saturday 

12/22/2018 

9-10 am 

29% 32% 34% 7% 28% 0% 1% 11% 20% 20% 5% 27% 

Sunday 

1/6/2019 

9-10 am 

8% 1% 7% 0% 4% 0% 0% 16% 2% 4% 0% 47% 

Wednesday 

1/2/2019 

1-2 pm 

36% 41% 55% 11% 33% 0% 0% 12% 26% 28% 6% 43% 

Friday 

1/4/2019 

1-2 pm 

40% 62% 62% 12% 37% 0% 0% 15% 30% 30% 6% 49% 

Thursday 

1/10/2019 

1-2 pm 

33% 44% 49% 12% 31% 0% 0% 10% 26% 28% 6% 50% 

Monday 

1/14/2019 

1-2 pm 

31% 37% 40% 7% 27% 0% 0% 10% 22% 22% 5% 54% 

Sunday 

12/2/2018 

51% 86% 77% 33% 44% 4% 0% 26% 55% n/a n/a n/a 

 

Sunday 

12/9/2018 

1-2 pm 

55% 90% 76% 34% 54% 5% 0% 18% 53% 47% 14% 24% 

 

Saturday 

1/5/2019 

46% 75% 66% 24% 44% 0% 0% 15% 40% 41% 9% 45% 
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1-2 pm 

Saturday 

1/12/2019 

1-2 pm 

45% 66% 68% 19% 45% 0% 0% 9% 42% 39% 10% 51% 

Monday 

12/17/2018 

4-5 pm 

45% 66% 60% 15% 33% 0% 0% 19% 31% 29% 11% 28% 

Wednesday 

12/12/2018 

4-5 pm 

42% 47% 60% 11% 34% 0% 0% 18% 29% 30% 6% 31% 

Thursday 

12/20/2018 

4-5 pm 

46% 57% 60% 16% 44% 0% 0% 17% 37% 60% 12% 29% 

Friday 

12/21/2018 

4-5 pm 

61% 98% 86% 26% 61% 0% 1% 10% 49% 49% 21% 27% 

Saturday 

2/15/2018 

4-5 pm 

76% 99% 94% 37% 54% 0% 0% 17% 63% 66% 20% 27% 

Saturday 

12/22/2018 

4-5 pm 

90% 100% 98% 50% 71% 0% 1% 11% 69% 70% 33% 30% 

Sunday 

1/27/2019 

4-5 pm 

40% 66% 69% 12% 36% 0% 31% 12% 28% 34% 7% 33% 

Sunday 

2/10/2019 

4-5 pm 

46% 64% 71% 18% 39% 0% 35% 17% 35% 34% 9% 54% 
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