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Introduction

Project Overview

Currently the Puerto Rico Integrated Transport Authority (PRITA), provides three
forms of service for residents. Firstis the 10.7-mile-long heavy rail line, named the Tren
Urbano, with 16 stations, and its inauguration in 2004, it is the newest large public
transportation investment in the island. Next is the system operated by the Autoridad
Metropolitana de Autobuses (AMA), which was founded in 1959, and incorporated into the
department of transportation and public works in 1973 and has continued service since.
Its service extends outside of the Metro area reaching Toa Baja (just outside of Bayamon)
and the central municipality of Caguas. Finally, the ferry service which is principally known
as the connection between the two island municipalities of Vieques and Culebra but also
has a route between Catafio and Old San Juan. PRITA, however, only operates the latter, as
the former routes have been phased out to a private operator. This analysis will largely only
consider the Tren Urbano and occasionally the AMA system, as the Tren Urbano is largely
the most widely utilized system of the three, and the most recognizable.

The goal of this reportis to support PRITA in its mission to provide accesible and
convenient public transportation options to the Puerto Rican public. Especially as the
agency begins to study the expansion of certain systems, it is essential to understand the
potential impact this could have on the broader socioeconomic circumstances of the
island. Considering its current precarious situation amidst fiscal and energy crises, itis
essential that public services in the island remain strong, not only for the benefit of the
island’s economic well-being, but more importantly for its residents, especially those that
rely on systems like the ones analyzed in this report.

System Characteristics

Tren Urbano

Since its inception, el Tren Urbano was meant for bigger things. Its master plan,
developed by Gov. Pedro Rosello’s Department of Transportation (shown in Figure 1)
presents multiple lines, up to Old San Juan, the Luis Munoz Marin Airport, Carolina (a
municipality towards the east of San Juan), Toa Baja (a municipality towards the west of
SanJuan), and even Caguas, a municipality generally not considered within San Juan's
metropolitan area. Thus, the designs of its stations were ultimately meant to house a much
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larger volume of passengers than the
existing ridership numbers. The train,
upon design, was expected to
accommodate up to 125 thousand
passengers daily.

The system was initially

constructed to usher in new modes of
transportation for the island and
reduce dependence on automobiles.
The train was built with a total of 2.25
billion dollars, a significantincrease
from the original projected cost of 1.5

Figure 1: Tren Urbano Master Plan

billion dollars. Around 830 million dollars came in grants from the federal government,
while the remaining 1.4 billion dollars were sourced by the territory’s government.

What resulted are the 10.7 miles and 16 stations that compose the Tren Urbano
today. Stretching across three municipalities (Bayamon, Guaynabo, and San Juan) the
stations were designed with mass utility in mind. For example, the Hato Rey, Domenech,
and Roosevelt stations pass through "La Milla de Oro," San Juan's principal financial
district. At the same time, the Universidad and Centro Medico Stations provide service to
the University of Puerto Rico's Rio Piedras Campus and the Rio Piedras Medical Center.
The remaining stations serve the municipalities of Guaynabo and Bayamon. Torrimar is the
most significant station within the former, as it lies within a busy avenue and a densely
populated area of the municipality. The Deportivo and Bayamon stations in the latter
municipality serve Bayamon's most prominent sports venues and its city center,
respectively. A full breakdown of the 16 stations is available in the appendix.

The system, currently operated jointly by Boston company Alternate Concepts INC.
and Missouri-based Herzog, counts with 55 six-wagon trains and runs with a frequency of
every 7 minutes, with a complete trip from Bayamon to Sagrado Corazon taking 28
minutes. Regarding fare collection, current rates are $1.50 per trip, $0.75 for student
riders, adults between 60 and 74, Medicare beneficiaries, and people with disabilities.
However, children under six and seniors over 74 ride free. In addition, beginning in 2025,
unlimited-use passes will be available for purchase, providing access to the Tren Urbano
and nearly all of the bus system routes. Passes are established by number of days, with
one, seven, 30, and 90-day passes being available at a price of five, 15, 50, and 90 dollars,
respectively.
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the Metropolitan
Bus Authority, has since provided continuous service to the San Juan Metropolitan area.
The current system has a fleet of 118 buses running through 32 routes. Eight of the 32 are
operated by FirstTransit, a company that first arrived in Puerto Rico to aid the HTA in 1995.
Buses reach seven municipalities (Toa Baja, Catano, Bayamon, Guaynabo, San Juan,
Trujillo Alto, Carolina), representing essentially the entire Metropolitan Area, thus being
accessible to nearly one million people.

The system map below shows its 32 bus routes with the lines' frequency being
denoted by their color. The most frequent bus in the system, denoted with a frequency of
15 minutes (in red), is the Sagrado Corazon-San Juan #10 route. The bus connects the final
station in the Tren Urbano with the Covadonga Station in Old San Juan. Buses denoted with
a frequency of 20 minutes (in purple) particularly serve densely populated areas within the
capital and surrounding the airport and Bayamon's city center, another significant
municipality near San Juan. All these routes, except for the 5 Route with service between
SanJuan and the airport, have service to a nearby Tren Urbano Station.

In addition, there are also routes with a frequency of 25-35 minutes (in blue); these
run through the traditional San Juan area, in addition to the broader Catano, Bayamon, and
Carolina municipalities, with most of these routes having service to a Tren Urbano station.
Finally, there are the buses with a frequency of 40-70 minutes (in teal); these buses serve
as local routes within the smaller municipalities of Toa Baja, Guaynabo, and Trujillo Alto, in
addition to other routes around previously mentioned municipalities. With the exception of
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those with services in Carolina, every low-frequency bus route has service to a Tren
Urbano station. Moreover, two blue routes, the #20 and #30, are express routes denoting
their particular use during rush hour. The #20 has service from Toa Baja to the Bayamon
Tren Urbano Station, while the #30 route has service from Caguas to the Cupey Tren
Urbano Station.

The bus system has similar fare rates to the Tren Urano with a broad $0.75 fare,
while express routes (#20 and #30) charge $2.00 per trip. Students also get discounted
rates with 0.60 and 1.00 fares, respectively. In addition, within the 16 Tren Urbano stations,
unlimited-use cards are available for purchase, providing access to the Tren Urbano and
nearly all of the bus system routes. Passes are established by number of days, with one,
seven, 30, and 90-day passes being available at a price of five, 15, 50, and 90 dollars,
respectively.

First Transit operates the #10, #20, #30, #40, #3, #22, #35, and #36 routes of the bus
system. These are largely localized within the Northern San Juan area, with five of the eight
with service between the Sagrado Corazon Tren Urbano station and significant locations
outside the reach of the Tren Urbano, like the Puerto Rico Convention Center, Plaza Las
Américas Shopping Center, Old San Juan, and Residencial Luis Lloréns Torres. While they
are operated by a private company, they still adhere to the Metropolitan Bus Authority’s
schedules and operations, and from interviews show no significant deviation from publicly
operated buses.

History and Objectives

Puerto Rico's Integrated Transit Authority (PRITA) was created upon enacting Law
123, in 2014, appropriately named “The Puerto Rico Integrated Transit Authority Law”. The
agency was created to integrate the existing transportation agencies in Puerto Rico.
Although still facing the issue of institutional fragmentation, PRITA's creation indicated
policymakers' interest in strengthening existing agencies dedicated to mass transit.

Previously, three different agencies ran each of PRITA's current systems. The
Highways and Transportation Authority (HTA), Metropolitan Bus Authority (MBA), and
Puerto Rico Maritime Transit Authority (PRMTA) ran the heavy rail system, bus system, and
ferry system, respectively. Today, although all the aforementioned agencies fall under the
Department of Transportation and Public Works, they are under PRITA's authority.
Nevertheless, internal reports by Puerto Rico’s Financial Oversight and Management Board
indicate that the HTA remains the in-text owner of the Tren Urbano.

Amid the changing administrations within Puerto Rico’s government, PRITA
presented several transitional documents underlining its short-term and long-term goals.
In terms of their stated vision, PRITA remains steadfast in its goals for implementing a
viable public transportation policy. Its efforts represent a pathway for Puerto Rico’s public
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transportation to be a viable option for all citizens, thus fostering economic growth and
improvements in the quality of life for the island’s residents.

As the PRITA 2021-2024 Report states, various initiatives have been put into
progress, largely surrounding the improvement of current PRITA systems. For example, the
E-20 Bus Route opened from Cupey to Caguas, providing service to and from one of the
largest satellite municipalities outside the San Juan metro area. Moreover, the
modernization of the fare-collecting infrastructure across the Tren Urbano stations has
also been a keynote of PRITA during the previous administration. Other aspects of
improvement include broad infrastructure improvements in addition to the transition to a
private operator for the Ferry system.

Within the long-term objectives for PRITA, the first is to integrate the transportation
systems’ operations under the agency’s umbrella in order to centralize and improve
current efforts. In addition, as seen in their 50-year multimodal transportation vision,
PRITA’s plans for expansion, specifically for the Tren Urbano, are already underway. Most
notably, through the current studies and public outreach being conducted in the Northern
portions of the San Juan municipality. The extension departs from the final station in the
current Tren Urbano network, Sagrado Corazon, which today serves as an important hub
with bus service to large commercial, residential, and tourism zones.

Other objectives include renovating transit terminals, acquiring new fleets, and
operating a new bus line from San Juan to Ceiba’s Ferry Station (where residents from
Vieques and Culebra reach the main island). While current efforts center around
increasing access to and within the San Juan metropolitan area, in the future, these efforts
are to branch out to municipalities outside of San Juan, such as Ponce, Aguadilla, and
Mayaguez.

Thus, for PRITA to achieve these objectives, they will need further investments in
transportation, which is exactly what this report seeks to justify. In the next section, the
system expenditures are evaluated as an introduction to the vast impact the public
transportation currently has, and what it could have.

System Expenditure

Estimating the Economic Impacts of Yearly System Expenditures

This section estimates the economic impacts of annual expenditure through Puerto
Rico’s public transportation system (ATI/PRITA). It provides estimates of total output and
employment impacts through direct, indirect, and induced channels. Using data from ATI’s
individual expenditure reports, contractor records, and regional employment data, the
analysis measures the ripple effect of ATI’s public spending through the economy.
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In 2024, ATI’s operational expenditures were $61.18 million, which directly
supported at least 702 jobs. Indirect output from contracting activities and related services
amounted to an estimated $22.45 million. Induced effects from consumption are
estimated at $72.85 million. Together, these expenditures are estimated to have produced
$156.48 million in total economic output and to have supported 8,647 jobs across the
economy. These findings highlight ATI’s contribution not just as a transit provider, butas a
major economic engine.

Theoretical Framework: Components of Economic Impact

Economic impacts are generally categorized into three interconnected
components: direct, indirect, and induced impacts. The net economic impact of a project
is the sum of these three layers of activity, which cumulatively demonstrate how public
investments ripple through the economy.

This section provides further exploration of how impact is achieved for each
component and how each component relates to the expenditures of the public transit
system. These impacts are gauged using two major metrics: economic output and
employment. Economic output measures the total value of goods and services produced,
while employment measures the number of jobs created or supported.

Direct Impacts

Direct impacts refer to the immediate purchases of goods and services needed for
construction projects and operational activities of the public transportation system. This is
commonly referred to as the first-round effect, as it reflects ATI’s immediate contribution
of capital to the economy. These dynamics cover things such as work paychecks to ATI
employees and the immediate expenses of doing business for the organization. These
numbers are based on ATI’s quarterly legislature reports, as well as internal expenditure
records. Direct impacts are the most immediate, visible economic contribution, and they
serve as the building blocks for the other impact categories.

Indirect Impacts

The indirect effect covers the economic activity created when companies that
provide goods and services to support the operation of the public transit system — like
construction material providers, subcontractors and maintenance companies — generate
increasing demand as a result of the system operations. Those businesses then may hire
additional workers or buy more supplies, creating additional economic activity. Referred to
as second- and additional-round effects, indirect impacts extend the iterate of ATI’s
expenditures along its supply chain. Data for this component is taken from ATI’s contractor
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database to show the size and scope of its engagement with external vendors and
partners.

Induced Impacts

The induced effects result from the activity of employees of the public transit
system and its supply chain partners spend. When those individuals spend their wages on
the consumption of goods and services — such as groceries, housing, transportation and
entertainment — they create additional demand for the local economy. In many
consumer-facing sectors, this multiplier effect adds directly to liver impact in terms of jobs
(increased employment in various sectors as a direct result of demand) and revenue
(directly proportional to demand), and indirectly via supply chain stakeholders. Induced
impacts are estimated in this study based on data from the Bureau of Economic Analysis
and the World Bank, which capture individual and household spending patterns that lead
to wider economic benefits.

Collectively, these three components — direct, indirect and induced — sum to the
total economic impact of the transit system operations and investments. This theoretical
framework of the three components of economic impact demonstrates the multiplicative
effects of public transportation spending on jobs and output on the regional economy. The
table below provides an overview of these relationships and describes how each impact
type links to job or output creation.

Table 1: Breakdown of Three Economic Impact Components

Impact Employment Output
(number of jobs)
Direct ATl employees LaborIncome +

operational
expenditures of ATI

Indirect Employeesin Value of goods and
supply chain services provided by
companies supply chain

industries

Induced Employeesin Value of increased
consumer goods demand for
industries consumer goods

and services

Total Sum of direct, Aggregate economic
indirect, and output from all
induced impact categories
employment
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Direct Effects: Operational Costs and Employment
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Direct impacts are the effects of direct economic contributions of public transit

budgets in terms of labor, operations, and service delivery. Direct payments made directly
by the primary operators as of 2024 were at $61.18 million dollars — Metropolitan Bus
Authority, First Transit, HMS Ferries and Tren Urbano. The table below, taken from

legislative expense data reports of ATI, includes payments made to employees needed to
maintain and operate a day-to-day system and deliver capital projects. The largest share of
cost was derived from the Maritime Transport sector, led by HMS Ferries ($37.26 million),

Total Expenditure (2024)

Public

Metropolitan Bus Authority 18,082,163
Transport
Public First Transit (TransDev) (all routes) 7,438,353
Transport
Maritime HMS Ferries (all routes) 37,259,608
Transport
Road Transport|Tren Urbano (all routes) 8,404,186
Total $61,184,311

Table 2: Total Operational Expenditure (2024) (Gobierno de Puerto Rico, Autoridad de
Transporte Integrado)

Number of Employees
(monthly average, 2024)

Public TransportMetropolitan Bus Authority 358
Public TransportFirst Transit (TransDev) (all routes) NA
:llr:::;;ert HMS Ferries (all routes) NA
Road Transport [Tren Urbano (all routes) 344
Total 702

Table 3: Number of Employees (2024) (Gobierno de Puerto Rico, Autoridad de
Transporte Integrado)

followed by the
Metropolitan Bus
Authority ($18.08 million),
Tren Urbano ($8.40
million) and First Transit
($7.44 million) (Gobierno
de Puerto Rico, Autoridad
de Transporte Integrado).

In terms of
employment, these
expenditures accounted
for an estimated 702
direct jobs, 258
employees in the
Metropolitan Bus
Authority and 344 in Tren
Urbano (Gobierno de
Puerto Rico, Autoridad de
Transporte Integrado). The

employment numbers for First Transit and HMS Ferries were not available through the time
of reporting, meaning that this number is likely a low estimate and that the true impact on

employmentis thought to be greater. Despite this, the reported number in Table 3 shows
the significant workforce that is directly related to public transportation operations.

Indirect Effects: Supply Chain Linkages and Contracting Activity

These are indirect impacts generated by economic activity in the upstream:
businesses and industries that provide goods and services to the transit system. These

encompass construction contractors, engineering consultants, architecture firms,
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information technology suppliers, and other professional services, for which formal
procurement processes are utilized. Three-Year average indirect output (2021-2023),
based on available financial records, was an estimated $22.45 million, with a significant
jump in 2023 when indirect output spiked to over $59.13 million — an increase from $1.64
million in 2021. This sharp increase is likely due to COVID-19 disinvestments in 2021. The
increase points to a greater dependence on outside contractors and capital spending on
system infrastructure.

Contribution to Total Dollar Amount by Service Type

Service Type

[T consuLTOR?A EN COMUNICAGIONES

[ consuLToR?A FINANCIERA

[T cONSULTOR?A RELACIONADA CON LOS SISTEMAS DE INFORMAGI?N
I eorFicios

B servicios DE ARQUITEGTURA Y DISE?0

B servicios be AuDITOR?AS

I servicios pe conTaBILIDAD

[ servicios bE INGENIER?A

[ servicios pE LMPEZA

[ servicios pe PLANIFIGAGIN

|77 SERVICIOS DE RELAGIONES P28LICAS

[ servicios LEGALES

|1l SERVICIOS RELACIONADOS CON EL PROGESAMIENTO DE DATOS

Figure 3: Contribution to Total Dollar Amount of Contractors by Service Type (Oficina del Contralor de Puerto Rico)

A glance at the 2023 top ten contractors able to supply this chain reveals Bird
Group, LLC as the top vendors providing structure repair and building contracts, with the
contracting dollars amounting to $41.7 million (Oficina del Contralor de Puerto Rico).
Others were Jiménez + Rodriguez Barceld (architecture and design); ENZO Engineering
(engineering services); DE LA CRUZ & Associates (communications consulting); and
Ellipsis, LLC (information systems).

These contracting relationships also produce measurable effects on employment.
By 2023, 7,915 jobs existed in San Juan-Bayamoén-Caguas Metropolitan area that are
related to providing services to the transit system (U.S. Census Bureau). As shown in Table
6, there were 1,380 jobs in highway and bridge construction, 6,230 jobs in architectural
and engineering services and 305 jobs in specialized design services, encompassing more
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than 2,099 jobs in these sectors. These sectors were strong performers with more than
2,099 new jobs created within these sectors. These numbers, based on data from the U.S.
Bureau of Economic Analysis’ Longitudinal Employer-Household Dynamics data, show the

ripple effects of public spending within local business ecosystems. While these are not

solely attributable to ATI’s spendings and thus the indirect employment of ATl alone might
be smaller, the breadth of these jobs provides a good proxy for the economic impact of
public infrastructure investment on the economy overall.

Contractor Amount Service Category Service Type Funds

CONSTRUCCI?N Y
REPARACI?N DE

BIRD GROUP, LLC 41,736,260.00ESTRUCTURAS EDIFICIOS Fondos Estatales
ISERVICIOS ISERVICIOS DE ARQUITECTURAY

UIM?NEZ + RODR?GUEZ BARCEL?, AlA, PSC. 3,365,000.00PROFESIONALES DISENO Fondos Estatales
ISERVICIOS ISERVICIOS DE ARQUITECTURA Y

UIM?NEZ + RODR?GUEZ BARCEL?, AIA, PSC. 2,500,000.00PROFESIONALES DISENO NA
ISERVICIOS

ENZO ENGINEERING, PSC 1,500,000.00PROFESIONALES ISERVICIOS DE INGENIERIA NA

CONSULTOR?A EN

DE LA CRUZ & ASSOCIATES, INC. 1,290,307.49CONSULTING SERVICES |COMUNICACIONES Fondos Estatales
ISERVICIOS
RELACIONADOS A LOS
ISISTEMAS DE ISERVICIOS RELACIONADOS CON EL

ELLIPSIS, LLC. 1,067,670.00INFORMACI?N PROCESAMIENTO DE DATOS Fondos Estatales
ISERVICIOS

ENZO ENGINEERING, PSC 800,000.00PROFESIONALES ISERVICIOS DE INGENIERIA Fondos Estatales
ISERVICIOS

LEGAL & GRANT MANAGEMENT SOLUTIONS, PSC 799,995.00PROFESIONALES ISERVICIOS LEGALES Fondos Estatales
ISERVICIOS

H2 ASOCIADOS, P.S.C 600,000.00PROFESIONALES ISERVICIOS DE INGENIERIA Fondos Estatales
ISERVICIOS

ROBLES & ASSOCIATES, LLC. 560,000.00PROFESIONALES ISERVICIOS DE CONTABILIDAD Fondos Estatales

Table 4: Top 10 Contractors by Amount (Oficina del Contralor de Puerto Rico)

Industry Employment Firm Job Gains:

(2023) Counts (Job Creation)
Highway, Street, and Bridge 1,380 425
Construction
Architectural, Engineering, and Related 6,230 1,607
Services
Specialized Design Services 305 67
Total 7,915 2,099

Table 5: Employment in Related Industries (U.S. Census Bureau)

Induced Effects: Household Consumption and Community-Wide Impacts

The induced effects occur by the increased consumption of households from direct
and indirect employees. These workers who work in transit operations or supporting

10
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industries use their
income on goods
and services, such
as housing, food,
transportation,
health care and
entertainment. In
turn, this extra
household
consumption
generates further
rounds of these
impacts. The World

Bank states that the gross domestic savings rate of Puerto Rico in 2023 was 12.92%, which
means that on average, only 12.92% of total income corresponds to savings, while
approximately 87.08% of income goes into consumption (“Puerto Rico - Gross Domestic
Savings”). Based on this share of consumption, the economic output attributable to
induced spending from ATl-related economic activity is estimated to total $72.85 million.

Of that spending, 44% is on goods and 56 percent on services.

Real Personal Consumption Expenditures

by Type [Millions of chained (2012) $]

56%

Durable goods

15%

29%

m Nondurable goods

Figure 5: Income Spending by Type

Services

Further distribution
of these spendings is
clarified in Figure 5. In
goods, 15.9% of total
consumption is spent on
durable goods (motor
vehicles and appliances)
and 30.7% on nondurable
goods (food and energy).
The vast majority of the
services category
supports induced activity,
including significant
spatial spending areas
such as housing and

utilities (20.5%), healthcare (11.7%), food services and accommodation (7.7%), and
additional services (19.1%) (“National Income and Product Accounts™).

11
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These figures shed light on how the wages from jobs through ATI flow through the
economy. The induced output of $72.85 million according to this study is most likely
concentrated in sectors such as housing, healthcare, and hospitality. This will create
employment opportunities themselves and help guarantee the stability of community
public services, especially in metropolitan centers where public transit is widely used.

5025 % To gauge the
Goods 28,132 46.35 employment effects, the
Durable goods 9,662 15.92| estimation used the output-
Motor vehicles and parts 3,759 6.19 to-employment ratio. The
Other durable goods 5,938 9.78 .
Nondurable goods 18,625 30,69 oS- Bureau of Economic
Food and beverages 7,219 11.90] Analysis data show that the
Gasoline and other energy goods 1,855 3.06| typical private service-
Other nondurable goods 9,441 15.56 providing sector job in the
Services 35,958, 59.25 . . .
Housing and utilities 12,465 2054 United Statesis associated
Health care 7,086 11.68 with roughly $70,750 in
Food services and accommodations 4,650 7.66 economic output (“Gross
Other‘ser\.flc:es 11,613 19.14 Output by Industry”). With
Population’ 3,220,113 . . .
Per capita real PCE (chained dollars)? 18,847 this ratio, the induced output

coming from ATl-related
Figure 6: Personal Consumption Expenditure by Sector (2022) (U.S. Bureau of

Economic Analysis) household consumption was

calculated as $72.85 million,
which converts to generating around 1,030 new jobs in the regional economy. Though this
estimate uses national data and thus does not consider local conditions of wage and
productivity in Puerto Rico, it provides a reasonable proxy in the absence of local
multipliers. These jobs are likely located in sectors like retail, housing, health care and
other local services, which highlights the broader, community-focused benefits of
investments in public transportation.

Cumulative Economic Contribution

The total estimated economic output resulting from Puerto Rico’s public transit
system’s direct, indirect, and induced operations is $156.48 million, summing the three
components. This breaks down to $61.18 million in direct spending, $22.45 million in
indirect supply chain spending, and $72.85 million in household-driven induced effects
from increased consumption.

On the employment front, the system is estimated to support a total of 9,647 jobs
throughout the regional economy. This total included 702 direct, 7,915 indirect, and
estimated 1,030 induced jobs.
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The results highlight the importance of public transit systems, both as
transportation providers and as important economic engines. Through this study, we
witness that Puerto Rico’s public transit system invigorates contracting activities,
maintains sectors for technical and professional services, and provides a much-needed
set of labor market assets across different sectors. These findings provide important
considerations for strategic planning as Puerto Rico contemplates potential transit system
expansion to prioritize immediate and future investments through policy design.

Beyond the direct, indirect, and induced impact of the system expenditures on
output and employment, the public transportation system generates further economic
value through its benefits to riders. The next section addresses these benefits.

Output (million $) Employment (humber
of jobs)
Direct 61.18 702
Indirect 22.45 7,915
Induced 72.85 1,030
Total 156.48 9,647

Table 6: Cumulative Economic Impacts

Ridership

Introduction

This section evaluates the economic impact of the transit system (bus and train) in
Puerto Rico for ridership. Specifically, it assesses how the presence and use of transit
affect passengers compared to scenarios where transitis not available. In this context,
economic impactis divided into two categories: direct and indirect impacts.

We use U.S. dollars to measure the economic value generated by the public
transportation system in San Juan, using a monthly period as the unit of analysis. The
transit system includes both buses and trains. The study area covers nine counties within
San Juan that have either bus or train service, and census tracts are used as the
geographic unit for data collection.

We use five alternative transportation modes as benchmarks for comparison with
transit. These are: Driving, Taking Uber, Taking Scanned Bike, Biking, and Walking.
Through analysis, we find that Puerto Rico's public transit system creates different levels
of economic value for people who would otherwise use these alternative transportation
modes. The system generates the highest economic value for those who would otherwise
take Uber, followed by those who would use a scanned bike, then drivers, then walkers,
and finally, the lowest economic value is for those who ride their own bike.

13




®
AUTORIDAD
DE TRANSPORTE
INTEGRADO

Fieldwork

During the team’s fieldwork it was made clear that PRITA’s system was just as
sophisticated as any other city. Throughout the visit, the team interviewed 25 users, with
largely positive views of the system and its operations. Remarks were made on its
cleanliness and reliability with many users denoting the overall accessibility of the system.
The biggest source of complaints from users were concerns around the system’s overall
lack of centrality with safety also being a key concern.

Currently, only five Tren Urbano stations (Bayamon, Jardines, Torrimar, Martinez
Nadal and Pinero) have available public parking spaces, thus, these stations are largely
where most users began their journeys on the train, as for most commuting users the most
common form of using the train is through “park and drive”, with ridesharing services and
carpooling also being options for users. Bayamon and Cupey are major hubs for bus users,
as they serve the 20 and 30 routes from Toa Baja to Bayamon and Caguas to Cupey,
respectively.

Around most stations pedestrian networks are largely unusable with the exceptions
of those near the San Juan financial district; here walkways are available, however, much
of the pedestrian infrastructure such as stoplights and warning lights are not currently
functional. Moreover, micromobility was another section that we explored in the analysis
of community impact. While it was not the most popular method of transportation, it was
still a significant piece of the first and last tips in San Juan. There are many scooters
available for use in Condado which help people get to locations where a car would be
impractical. Parking also becomes less of an issue with these devices, since he or she can
leave the scooter anywhere near his or her destination. While this analysis did not include
any data dissection for micromobility, it was important to see what plans were in place for
the future, as micromobility options are currently being explored by PRITA, to integrate
these around the Tren Urbano stations.

While our group mainly took Bird scooters during our fieldwork, Skootelis a
micromobility company in Puerto Rico that is planning on expanding throughout the island
(“Skootel Expands Its Footprint by Adding 120 Shared Bicycles,” 2022). For the
infrastructure development, there is going to be increased investment in protected bike
racks and cycle tracks to ensure safety for riders. They also plan to connect more routes to
ensure that bicyclists have a network that is connected well (Puerto Rico Highways and
Roadways Authority, n.d.).

After riding the scooters to Ashford Ave. Antes Calle Mariano Ramirez Bagel to
Capitolio de Puerto Rico from the Sandy Beach Hotel, we were able to come away with
many conclusions. First off for the route towards Old San Juan, there was a great
connectivity once one gets over the bridge near the Balneario Condado and Playita del
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Condado. However, the bicycle infrastructure in Condado was not well connected. Next,
our group looked at the cost from taking two scooters which were 9.59 for one and 7.81 for
the other, which averaged out to $8.70 for 2.4 miles which equated to $3.63 per mile.

Overall, the micromobility option is great for getting around in Condado and even
exploring places that are within 5-10 miles away. It is easy to find available scooters and
view great historic sites. Itis also much faster than cars in Condado due to the heavy traffic
during the week. For certain trips it is more practical to use shared micromobility options
but one should be advised to preview routes ahead of time to see if the roads have well
developed bicycle infrastructure.

When looking at the ADA compliance, we found that while Puerto Rico does not
have the same requirements in all locations, it works to make many locations close to
traditional standards. Around the Segrado Corazon location, there were a lot of blue
markings to easily direct people using walkers or other ADA equipment. Many ramps were
narrow but some pedestrian crossing signs needed to be replaced, but overall, there was a
connected network. In Old San Juan this was not always the case. It should be considered
that this is more of a historic site, but even if it is the main square, it would be difficult for
people who are unable to get around. Many of the ramps were too steep as well as many
sidewalks that were not existent or not well maintained. There was also a lack of ramp
connection near many of the homes which also makes it difficult for people with
disabilities to enter and exit his or her homes.

Our group was able to speak to a lady who had used a walker and was able to hear
very positive feedback. She explained how she felt very comfortable getting around and it
was easy for her to find all the places she needed to go to have a smooth trip. Elevators
were all functional and easy to access around all the train stops along with workers who
were station to attend to any issues that might regarding the train or any other utilities
around each stop. This shows great attention to the operation and function of the
escalators, elevators, and other infrastructure that may be in place at stations well as a
network around stations to get people from his or her location easily.

Finally, what nearly all of the users commented on as improvements to the system
was expansion, be it with extension of the train lines or additional bus routes; which is
currently within PRITA’s current objectives.

Definition of Direct and Indirect Impacts

Direct economic impact refers to the immediate, measurable value generated by
the transit system that directly benefits the rider.
Itincludes factors like travel time savings and out-of-pocket cost reductions.

15




®
AUTORIDAD
DE TRANSPORTE
INTEGRADO

Directimpact is evaluated by calculating saved time and saved cost. Saved time and cost
refer to how much time and money the rider saves by taking transit compared to using
other transportation modes. According to the report Economic Impact of Public
Transportation Investment, published by the American Public Transportation Association
in 2020, saved time can be calculated by multiplying the time saved by the rider's hourly
wage. For the travel time savings, we also include the effect of congestion delays. The cost
saved is calculated as the cost of the alternative transportation mode minus the actual
transit cost.

Indirect economic impact, on the other hand, refers to longer-term or less
immediately visible changes in arider’s income, spending behavior, or economic
opportunities because of improved access to jobs and services through transit.

In this study, we include job accessibility and consumer surplus to measure the
indirect economic impact. We measure job accessibility by estimating how many jobs are
reachable by transit from each trip origin. Consumer surplus refers to the difference
between the maximum amount people are willing to pay and the actual amount they
spend. In the context of transportation, the transit system helps riders reduce their
transportation expenses. These savings can then be redirected to other needs or activities,
such as food, healthcare, or education, generating additional economic value beyond the
trip itself. In this study, we assume that the cost of the most expensive transportation
mode represents the maximum amount the rider is willing to pay for transportation.

Direct Impact Estimation
This study uses ridership trip data provided by ATI for analysis. Specifically, it

analyzes bus ridership trip data from May 2023 and train ridership trip data from December
2024. After data cleaning, the valid dataset includes 3,642 bus ridership trip records and

Business trip +  saved time * VOT = VOT = Average hourly wage * 100%
Saved time = ——— +  Commute trip = saved time * VOT = VOT = Average hourly wage * 50%

Personal trip
Direct Imapact

Saved cost < Alternative transportation aption €ost - transit cost

Figure 7: Direct Impact Estimation Flowchart
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6,977 train ridership trip records, totaling 10,619 monthly transit trip records. These
records include the boarding and alighting coordinates of each passenger, as well as the
travel time and travel distance of each trip.

According to Economic Impact of Public Transportation Investment, direct
benefits for travelers fall into three main categories: (1) travel time savings, (2) travel cost
savings, and (3) reliability improvements (as illustrated above).

Travel Time Savings

The actual travel time savings of public transportation can be calculated by
comparing the travel time of different modes. Transit travel time is directly available in
ATI’s trip data. The travel time for alternative modes will be calculated using ArcGIS by
building a road network dataset and computing optimal paths. The road network is
constructed using TIGER shapefiles.

Once the difference in travel time between transit and alternative modes is
determined, this saved time is multiplied by the hourly wage to estimate its economic
value. This provides the total economic benefit of transit systems over other modes in
terms of time savings.

According to APTA's guidelines, the economic value of time saved depends on the
trip type:

e Business Trips: Trips taken as part of one’s job. Time is valued at 100% of hourly
wages.

e Commute Trips: Trips between home and work. Time is valued at 50% of hourly
wages.

e Personal Trips: Non-work related trips (e.g., shopping, recreation). These are
excluded from the economic value calculation.

The hourly wage is estimated using the 2023 American Community Survey (ACS)
data. Specifically, variable S2001_CO01_013E, which reflects the Median earnings (dollars)
for full-time, year-round workers aged 16 and over. We assume a standard 40-hour
workweek and 52 workweeks per year.

Travel Cost Savings

Travel cost savings refer to the amount saved in direct expenditures by using public
transit instead of other transportation modes. Based on local transit authority data, the
standard fare is $0.75 for buses and $1.50 for trains. Although discounts are available for
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certain groups (e.g., students, seniors), due to the lack of rider demographic data and the
relatively small ticket amounts, all fares are calculated at standard rates.

For alternative transportation modes, cost estimation is as follows:

e Driving: Includes fuel and insurance costs.

e Uber: Calculated based on Uber’s official fare structure.

e Scanned Bike: Since online pricing did not match field observations, we used unit
mileage cost data from our internship fieldwork using Bird bikes.

Reliability Improvements

Reliability improvements are evaluated based on Congestion Delay—the additional
time caused by traffic congestion. This delay is then multiplied by the median of all census
tracts’ median hourly wages to estimate the economic cost of unreliability. Congestion
data is sourced from the 2023 Urban Mobility Report by the Texas A&M Transportation
Institute and USDOT.

Estimation by Step

1) Calculating Travel Time for Alternative Modes
We first obtained the road network data for the nine San Juan counties served by
transit, downloading TIGER/Line shapefiles from the U.S. Census Bureau. After
importing these files into ArcGIS, we merged them into a single, contiguous
network. We then filtered the network to include only Primary Roads, Secondary
Roads, Local Neighborhood Roads, and Ramps—those most relevant to our travel-
time calculations. Any orphaned segments (i.e., disconnected bits of road) were
manually corrected or removed to ensure network integrity.
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Optimized Driving Routes for Train Riders

Next, we built a

5 network dataset
A || inArcGIS Pro
that supports

three modes of
travel: driving,
biking, and
walking. We
assigned
reasonable

e e A speeds for each
mode and road
type—80 km/h

— Train Route

© Stops of Riders' Trips

Optimized Driving Routes for Riders ] 1.25 2.5 5 Kilometers O n P r| m a I‘y
L i )

Roads for

Map 1: Optimized driving routes for Train Riders vehicles, 50 km/h

on Secondary
Roads, and 40 km/h on both Local Roads and Ramps; 15 km/h for bicycles on any
road; and 4.8 km/h for pedestrians. Using this dataset, we ran the route-
optimization tool with our preprocessed trip origins and destinations (formatted in
R) as stops. The output yielded the shortest travel time and distance for each
passenger under all three modes. A visualization of these optimized routes is
provided below to illustrate our method.

Estimating Hourly Wage

To estimate the hourly wage, we began with earning data from the
American Community Survey (ACS), specifically the field S2001 _C01 ©03E, which
provides the median earnings of full-time, year-round workers aged 16 and over. We
also downloaded the census tract polygon data from TIGER/Line Shapefiles and
performed a spatial join to associate each tract with its corresponding median
earnings.

Assuming full-time, year-round workers work 52 weeks per year and 40 hours
per week, we divided the median annual earnings by 52 and then by 40 to calculate
the estimated median hourly wage for each tract.

To determine the proportional hourly wage around each origin point, we
created buffers around each trip origin: 200 meters for bus trip origins (due to the
shorter distance between bus stops) and 300 meters for train trip origins (due to
longer spacing between train stations). We intersected these buffers with the
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earnings-enhanced census tracts to calculate the share of each tract within each
buffer. The proportional hourly wage for each origin was then derived by weighting
the tract median wages by their proportion of the buffer area. The results were
dissolved by stop location to yield a single proportional hourly wage value for each
origin buffer.
Calculating Time Saved by Transit

We then combined three key datasets—travel time by transit, travel
time by alternative modes, and proportional median hourly wage—into the trip data.
Each row of the dataset now represented an individual trip and included the
estimated travel time under different modes and the corresponding wage
information at the trip origin. By subtracting the transit travel time from the
alternative mode travel time, we obtained the amount of time saved by using
transit. We then multiplied this saved time by the proportional median hourly wage
to estimate the economic value of time saved.
Adjusting Savings by Trip Purpose

The time-saving value calculated above assumed all trips were
business-related, using the full hourly wage for all saved time. However, in reality,
different trip types are assigned different values of time: business trips use 100% of
the hourly wage, commute trips use 50%, and personal trips are excluded from the
economic valuation.

We adjusted the value of time saved based on the proportion of each trip
type. This proportion was estimated using user survey data from ATl and trip
purpose statistics from the Bureau of Transportation Statistics (BTS), specifically
the table “Percent of Trips by Trip Purpose for Long-Distance Public Transportation
Modes.” From ATl's survey, we categorized trip purposes into personal and non-
personal. Work and university trips were considered non-personal; among the
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Trip Purpose - Bus User Survey Sharefor Bus |Share for Train
Work (Trabajo) 26.00% 30.59%
University (Universidad) 6.57% 36.76%
Medical appointment (Cita médica) 2486% 10.28%
Personal business (Gestiones personales) 26.86% 13.88%
Visit family (Visitar familia) 343% 1.03%
Entertainment venue (Lugar entretenimiento) 5.14% 1.54%
Shopping (Compras) 1.71% 1.54%
Other (Otro) 5.43% 0.51%
Multiple Purpose (M3s de un propésito) 0.00% 2.31%
Go home (casa) 0.00% 1.54%

Table 7: Trip Purpose Survey

personal trips, we excluded student trips from the wage calculation due to their

generally low or no income.

We used the BTS data to estimate the distribution of business and commute
trips. For bus trips, 23.39% were business and 76.61% were commute; for train
trips, 14.21% were business and 85.79% were commute. Based on these

proportions, we
derived adjustment
parameters for the
value of time saved: | erirmsse
16.04% for bus trips

and 17.47% for train

1 32.57% Non-personal Trip | —

- 23.39% Business Trip

i 7BeMeWork |
EEScommuteTp) Adjustment parameter
16.04% of assuming all

1 20.18% School | were business trip

| 67.43% Personal Trip

-| 14.21% Business Trip

| 45.42% Work

trips. These
parameters were
then multiplied by
the previously
estimated time-
saving values to

| 85.79% Commute Trip
+ 67.35% Non-personal Trip  —

— 54.58% School

Train Trip Purpose Share  —

— 32.65% Personal Trip

Figure 8: Trip Purpose Share

yield adjusted actual savings in economic value.

Estimating Travel Cost Savings
We then estimated the out-of-pocket cost savings of using transit

compared to alternative transportation modes. For transit, we used the standard

fares: $0.75 for bus rides and $1.50 for train rides. Given the low fare levels and lack

Adjustment parameter

17.47% of assuming all |
were business trip
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of detailed data on discounted fare usage, we assumed all passengers paid the
regular fare.

For driving, the costs included fuel and insurance. Based on data from
GlobalPetrolPrices, the 2023 gasoline price in Puerto Rico was $1.01 per liter. Using
the U.S. Department of Energy’s fuel efficiency data, we found the median city MPG
for all 2023 vehicle models and converted it to 34.85 km per liter. Insurance costs
were estimated using Puerto Rico’s minimum compulsory liability insurance for
single-passenger vehicles, priced at $99 annually. Assuming each driver commuted
twice daily, five days a week, over four weeks (i.e., 40 trips per month), the
insurance cost per trip was approximately $0.20625.

Uber costs were calculated using the official pricing model: a base fare of
$5, plus $0.95 per mile and $0.15 per minute, with a minimum fare of $8.

For scanned bikes, we used fieldwork data from Bird, as publicly available pricing
formulas yielded inaccurate results. By dividing the total cost by total distance
ridden, we estimated an average rate of $3.63 per mile.

Biking and walking were assumed to have no monetary cost.

Estimating the Value of Time for Congestion Delay

We referred to the 2023 Urban Mobility Report by the Texas A&M
Transportation Institute and USDOT, which reported thatin 2022, the delay per auto
commuter in San Juan was 56 person-hours. As no more recent data was available,
we used this 2022 figure to estimate the value of time lost due to congestion. For
wage data, we used the median of all census tracts' median hourly wages—referred
to as the "Median Median Hourly Wage"—to calculate the economic impact. The
formula for estimating monthly congestion delay cost savings is:

Ajusted Congestion Time Value = Annual Delay / 12 months * Median Median

Hourly Wage * Monthly trips * Adjustment Parameter
Summing to Total Direct Economic Impact

To estimate the total direct economic impact of transit for the month, we
summed the travel cost savings and time savings for each alternative transportation
mode. Notably, for driving and Uber, we also added the savings from reduced
congestion delay.

We then adjusted these impact values using the share of users who would
have taken each alternative mode, which was derived from the 2023 ACS “Means of
Transportation to Work” dataset for census tracts within counties served by transit.
Since ACS transportation categories differ from our defined alternative modes, we
reclassified them (e.g., "Drive alone" and "Carpool" were grouped into "Drive").
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Alternative Mode Choice Share (American Community Survey)

Drive Alone
Drive 83.15%
Carpool
Public Transit 4 Public Transit 2.63%
Alt Modes If No Transit
ACS 2023 Means of
. | -+ Drive 92.94%
+ Walk 4 Walk 3.178%
Transportation to Work + Uber 1.17%
- Scanned Bike 1.17%
1 Uber 1.05% . Bi
- Taxicab, Motor cycle, etc —————— 13 —_— Bike 1,17%
Divide into 3 - Walk 3.55%

3 1 Scanned Bike 1.05%

Work from Home Yy Bike 1.05%

1 Work from Home 7.90% |

Figure 9: Alternative Mode Choice Share

Finally, we multiplied the direct economic impact of each mode by its respective
mode share and summed the results to obtain the total monthly direct economic impact of
the transit system.

Indirect Impact Evaluation

Job Accessibility

Job accessibility is : a0 Lggn

calculated as the number of
jobs located within the service
area of the transit network

around each station. Job

location data are drawn from : 1 e
the Business data sourced : ‘

from the ReferenceUSA

database, the same dataset

used in the subsequent

Business analysis. To compute o

this, we first build a + Origin of Trip

public-transit network dataset P
based on the existing bus and

train lines. Using the Service

Map 2: Job Accessibility
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Areatool in ArcGIS Network Analysis, we generate service areas of 10, 20, 30, 45, and 60
minutes around each trip origin and then count how many jobs fall within each time-based
service area. Because the train system comprises only a single line—resulting in a smaller
coverage area—and most train stations coincide with bus stops, we use the bus-based
network data to perform the job accessibility analysis.

Consumer Surplus

Consumer surplus is defined as the difference between the maximum amount a
passenger is willing to pay for transportation and the amount they actually pay. In this
study, we assume that the highest amount a passenger is willing to pay is the fare they
would incur riding Uber (since Uber represents the most expensive transportation mode).
We calculate monthly consumer surplus by taking the total cost all passengers would pay
if they rode Uber and subtracting their actual transit expenditures.

Results
Estimated Direct Economic Value of Bus System

The bus system’s valid data for May 2023 consist of 3,642 records, each
representing a single passenger trip. The value of congestion delay for this month,
calculated using the formula above, is $39,380.2. The other calculation procedures and
results are shown in the figure and table below.

Alternative Modes-Bus Saved Economic Value Share Total Direct Economic Value
Driving 35,969.60 0.9294 33429.0
Uber 68,732 0.0117 804.6
Scanned Bike 34,940.60 0.0117 409.0
Bike -2,700 0.0117 -31.6
Walk 3,206.80 0.0355 113.9
SUM 34724.9

Table 8: Value of the Bus System

In May 2023, riders who would otherwise have driven experienced a net economic
gain of $35,969.60. This figure is derived by subtracting the driving cost savings (-
$1,472.70) and the value of time saved (-$1,937.90) from the congestion-delay savings of
$39,380.20. Those who would have taken an Uber saw an even larger benefit of
$68,732.00, driven primarily by substantial cost savings ($31,289.70) and the same
$39,380.20 in congestion-delay relief, offset slightly by the $1,937.90 value-of-time
deduction. Passengers who might otherwise have used a shared bike service realized
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$34,940.60 in combined time and cost savings ($31.50 in time value and $34,909.10 in
cost savings). In contrast, individuals cycling under their own power incurred a net loss of
$2,700.00, as their modest time savings of $31.50 did not outweigh the $2,731.50 cost
difference. Pedestrians benefited modestly, with walking generating $3,206.80 in
economic value ($5,938.30 in time savings minus $2,731.50 in assumed costs).

Overall, the bus system delivered a total direct economic impact of $34,724.90 in
May 2023 across 3,642 passenger trips, which corresponds to approximately $9.53 in
benefit per trip.

Estimated Direct Economic Value of Train System

Alternative Modes-Bus Saved Economic Value Share Total Direct Economic
Value
Driving 65,796.96 0.9294 61149.6
Uber 138,228.16 0.0117 1618.1
Scanned Bike 98,748.25 0.0117 1156.0
Bike 5,667.65 0.0117 66.3
Walk 14,414.43 0.0355 511.9
SUM 64501.9

Table 9: Value of Train System

In December 2024, train riders who would otherwise have driven realized a net
economic benefit of $65,796.96. This figure is obtained by combining $75,440.80 in
congestion-delay savings with $2,069.54 in value-of-time deductions and $7,574.30 in cost
differences for driving. Passengers who might otherwise have taken an Uber enjoyed an
even greater gain of $138,228.16, driven by substantial fare savings ($64,856.90) alongside
the same $75,440.80 in congestion-delay relief and offset by $2,069.54 in time costs.
Those using a shared bike service benefited by $98,748.25, summing $4,797.85 in time
saved with $93,950.40 in cost savings. Conversely, cyclists under their own power incurred
a net loss of $5,667.65, as their $4,797.85 in time savings did not cover the $10,465.50 cost
difference. Pedestrians enjoyed $14,414.43 in economic value, derived from $24,879.93 in
time savings minus $10,465.50 in assumed costs.

Overall, the train system delivered a total direct economic impact of $64,501.90 in
December 2024 across 6,977 passenger trips, which corresponds to approximately $9.24
in benefit per trip.
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Estimated Direct Economic Value of the Whole Transit System

Given that train trip data are available only for December 2024, we combined them
with the bus trip data from May 2023. We thereby obtained that the monthly direct
economic impact of the entire transit system in San Juan is approximately $64,501.9 +
$34,724.9 = $99,226.8 for 10,619 passenger trips, which corresponds to $9.34 per person.

Comparing the direct economic value across different alternative modes reveals
that, for both the bus and train systems, transit delivers the highest saved economic value
for Uber riders, followed by scanned bike users, drivers, and walkers. Personal bike riders
experience the lowest direct economic value. Indeed, for bus trips, choosing the bus
instead of riding one’s own bike actually results in a loss of economic value. This is likely
because on short trips the bus does not save time compared to biking, and bus fares can
be more expensive than the cost of riding one’s own bike.

Indirect Impact

Job Accessibility
Travel Time by Transit from Median Job Mean Job Job Conut Total Job
Origin (Minutes) Count Count Cover Count
0-10 757 1,057 25,139 3,849,195
0-20 843 1,053 26,384 6,019,487
0-30 992 1,222 26,417 4,450,738
0-45 1037 1,330 26,426 4,842,518
0-60 1224 1,469 26,426 5,350,718

Table 10: Job Accessibility by Transit

According to the business data, there are a total of 34,572 job records. The above
table shows the job accessibility calculation results. Transit covers approximately 26.4 K
jobs, accounting for 76.36% of all jobs—a very strong coverage rate.

Consumer Surplus
Using the cost if everyone rode Uber minus actual transit costs yields the following:

Uber Cost Transit Cost Saved Cost Saved Cost Per Capital
Bus 68,732 2,731.50 66,000.5 6.22
Train 138,228.16 10,465.50 127,762.66 12.03
Total 193,763.16 18.25
1 month for 10,619 riders 1 month per rider

Table 11: Consumer Surplus if everyone rode Uber
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The monthly consumer surplus for the bus is 66,000.50 for 3,642 passengers, or
6.22 per person. The train’s consumer surplus is 127,762.66, or 12.03 per person. The total
transit consumer surplus is 193,763.16, or 18.25 per person.

Fieldwork

From March 16 to March 22, 2025, we conducted fieldwork in San Juan. For the
ridership study, we interviewed 26 public-transport passengers. Our interview protocol
covered the following items: name and age; occupation; how they use the train or bus; how
frequently they ride; where they board and alight; their opinions on the operation and
maintenance of the train or bus; other people they know who use the system; suggestions
for improving the service; and, as an additional question, what mode they would choose if
public transportation were not available. We carried out these interviews during two peak
periods: Tuesday afternoon (March 18) from 4:00 PM to 8:00 PM and Thursday morning
(March 20) from 8:00 AM to 10:00 AM. Interviews took place at the following stations:

Sagrado Corazon,

Hato Rey, Roosevelt,
2% Universidad, Cupey,
Centro Médico,

For what purpose(s) do you take the train? How often do you use public transit?

17%

Martinez Nadal,
Deportivo, and
1166 Bayamon.

28%

32% 32%
16%
4% /.
12% 20%

mWork mSchool mRecreation/Shopping mOther mNA m Everyday m Frequently m Occasionally (2-3 times/week) m Rarely m Notatall

Figure 10: Purposes taking the train

Origin Station Destination Station
10% 20% . 2% An overview of
’ . the respondents
4 o ‘ . shows that most
. "b trips—52%, were
o 0 1496 made for work or
e e i, schoolpurposes.

Fifty-six percent of
Figure 11: Origin and Destination of Train Stations interviewees
reported using public
transportation frequently, and when occasional weekly riders are included, that figure

rises to 67%. Among trip origins, 40% of passengers began at Sagrado Corazdn, followed
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by Hato Rey. As for destinations, 29% ended their journey at Universidad station, with
Cupey accounting for 22%.

Allinterviewees used the system for work, school, errands, or recreation. Twelve
respondents rode daily or nearly daily. Four rode two to three times per week. Two reported
occasional use, and two said they never rode due to personal circumstances. Students
and bank employees cited school and office commutes. Shopping and medical
appointments motivated several retirees.

This finding has two important implications. First, it shows that San Juan’s train
system enjoys strong user recognition. Riders are willing to bear the extra cost and effort of
a transfer in order to use the train. Second, it reveals considerable growth potential. The
existing park-and-ride patterns indicate a strong public willingness to use the train. If the
network expands, many more commuters may switch to transit. That shift could boost
ridership and help relieve congestion.

Business Impacts

Introduction

The area of the San Metropolitan Area contains diverse land-use and transit stops
located along a fixed train route. The goal in this community impact assessmentis to
determine how the Tren Urbano and bus system has supported the surrounding area
economically. The goal of the analysis is to provide a vital framework for accurately
measuring the impact of each transit station by economic value. Our goal is to overall
compare this impact by looking at the line extensions to better aid in our understanding of
the data. By comparing areas with little to no transit access or lower frequency we can
evaluate a transit system’s effectiveness thus their economic impact as well.

Case Studies

Itis also important to look at other expansion projects that were ultimately
successful. Beginning with the Sound Transit Project, this project was intended to improve
multiple areas in different phases by adding light rail. This included a Ballard Link
Extension and the West Seattle Link Extension. They wanted to improve travel time,
reliability, connection for people having access to their homes and job sites. To achieve
these goals, they focused on making the areas around the stations Transit-Oriented
Development (TOD) districts while harnessing sustainable design.
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After the expansion was complete, there were many positive outcomes. First, there
was increased ridership, where they had a tenfold increase from the 2018 levels. More
people were now utilizing this system and people were finding more reason to go to new
places. Next was the economic development that occurred. This expansion attracted
many new businesses along with new residents to the area. It now became more
economically opportunistic due to the light rail access. There was also now traffic
congestion reduction since there were now new modes of transportation available for
users. In addition, there were environmental benefits that occurred due to the change of
many users to public transport which improved air quality as well as reducing greenhouse
gas emissions. Lastly, there was enhanced connectivity which was due to the extension
connecting parts of the region that were once disconnected. This made it easier for
residents to access jobs, housing and other opportunities.

The last case study to highlight is the Pheonix Light Rail where the business and
TOD district will be analyzed. This project caused many positive changes to the
transportation in Pheonix which helped push forward the transportation system and put its
place above many other transportation systems around the country. There were many
positive outcomes but focusing only on the business aspects of this projectitis important
to look at how the knowledge, service and retail sectors were impacted. The knowledge
sector experienced an 88% increase, the service sector a 40% increase, and the retail
sector a 28% increase in businesses that started once the light rail was constructed. The
areas that fell within a quarter mile saw greater levels of new business investment than the
areas outside. This was due to the new business being adjacent to the light rail and caused
the businesses to be more accessible to users. The new business formation was
independent of the positive entrepreneurial and environment of the downtown district. It is
important to note that while TOD districts can be very economically profitable, they must
be competitive with other modes of transportation. These services need to have high
service quality, dependability, speed, cost, and destination reach. Users will move to cars
or other unsustainable forms of transportation if public transportation is not efficient in all
ways. Both of these case studies show successful examples of how transit investment
leads to anincrease in businesses and overall economic output.

Data and Analysis

To best measure this economic impact of the Tren Urbano rail system, the analysis
follows the approach in the Phoenix light rail study which assessed economic activity
based on walking distance from transit stops. Walking distance is a critical metric for
measuring transit impact as it reflects how transit riders typically access businesses near
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their trip origins and destinations. By focusing on walkable access to the stations, we can

better estimate how businesses are affected based on their proximity to transit.

In this study, walking distances were represented through transit accessibility
buffers created using a network analysis of the road system. These transit buffers helped

distinguish between businesses likely influenced by the train and those not affected by the

train and those not influenced by the train.

Those distances expected to be directly impacted by the Tren Urbano were defined
using three walking-distance methods: 500 meters (~0.30 miles), 800 meters (~0.5 miles),

and 1,600 meters (~1 mile) as the treatment area (around stations). These distances

represent areas where customers are likely to walk to businesses from a nearby transit

station. In contrast, control areas are expected to have minimal or no influence from

transit were defined by the following larger distances: 4,000 meters (~2.5 miles) and 8,000

meters (~5 miles).

Table 12: Defined Walking Distance Zones

These thresholds Zone Type Meters Mileage Walk Time Justification
Treatment Area 500 meters ~0.3 miles ~B-7 minutes Ideal
reflect areas well beyond Treatment Area 800 meters ~0.5 miles ~10-15 minutes  Optimal
the walkable range of a Treatment Area 1,600 meters  ~1 mile ~17-22 minutes  Moderate
transit rider because the Containment Area 4000 meters  ~2.5 miles ~40-50 minutes  Non-Optimal
Containment Area 8000 meters  ~5 miles ~90-120 minutes Non-Optimal

waling travel time would ‘
outweigh the time to drive ‘ Tren Urbano Analysis Buffers in San Juan
the same distance and
serve as a comparison to
isolate the effect of the
train. Businesses were
analyzed based on their
opening dates, comparing
those established in the
years before and after the
launch of the Tren Urbano
to the public. To account
for broader economic

Map 3: Tren Urbano Analysis
Buffers

Martinez
Nadal | -
YRS

Las Lomas
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changes, such as the 2009 recession and limited data availability from the 1990s, we
focused on the periods immediately surrounding the train’s debut. The pre-Tren Urbano
period includes the years 2001 to 2004, since the train opened late in the year (December
19", 2004). The post-Tren Urbano period covers 2005 to 2008, allowing for an analysis of
the rail line’s initial economic effects.

Businesses

Business data for this analysis was sourced from the Reference USA database,
which defines a business as any establishment with at least one employee. To better
understand how businesses were impacted by the proximity to transit, we categorized
them into three primary sectors based on the classifications provided in the database:
retail, services, and knowledge. The retail sector includes anything from clothing stores,
supermarkets, and toy stores. The services sector includes anything from hotels, legal
firms, and health and human services. Finally, the knowledge sector includes anything
from financial firms, insurance agencies, and real estate firms. Businesses that did not fit
within these categories were grouped under “other” and excluded from the analysis. Only
verified business which were confirmed through direct contact by the database provider
were included. In total, 35,875 verified business entries were identified within the zip
codes covering the San Juan Metropolitan Area covering the entire road network buffers.

Understanding how transit connectivity affects local economies requires examining
both the density of businesses around each station and the context of nearby land uses,
such as residential neighborhoods. This analysis uses business data to explore patternsin
sales volume, employment size, and business type within each buffer zone surrounding
the stations. To accurately evaluate the economic impact of the Tren Urbano, it’s essential
to incorporate employment data and business contributions to the local economy.

Pre-Implementati p P Percentage
re-implementation re — re —
(2001-2004) Sales Volume Employment Char;ge
I:> an
Post-Implementation Post — Post — Comparison
(2005-2008) Sales Volume Employment to Buffer

Areas

Figure 12: Business Impacts Analysis Framework
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Results

‘ Pre- vs. Post-Tren Urbano Business OpeningsrA'found Stations Tl"eatment Area
(Walkable Distance
around Stations)

Legend

Treatment Area

Change in Business
Gpenings

To assess the business

P Domenech

impact of the Tren Urbano

Pifiero
a o B on nearby communities, we
- ' e ... analyzed areas within
+ Jardines 1 Mél.ﬁ” :Z-./ 35 . N
o . walking distance of each

- Torfimar Nadal  Sillgmas
LE @
station. The findings show a

e 45% increase in business

o openings compared to the
pre-Tren Urbano period in
the same zones.

Eai, TumTorn, Germa, Seterah,

Map 4: Tren Urbano Business Openings around Stations

Additionally, there was a 43% increase in sales volume and a significant 60% rise in
knowledge-sector businesses, with an average of 10% of businesses per station falling into
that category. These trends suggest strong economic growth in the walkable areas
surrounding the train stations.

Control Area (Areas Beyond Walkable Distance from Stations)

In areas farther from the stations, where access to transit is less likely to involve
walking and more likely to require a vehicle business activity also grew, but at a more
modest rate. These

Pre- vs. Post-Tren Urbano Business Openings in Distant Areas ‘

Legend

control areas experienced
a 36% increase in e i

Openings
P
[ e

business openings, a 16%
increase in sales volume,

and a 28% increase in
knowledge-sector
businesses. Interestingly,
the control areas
outperformed the

treatment areas in the
services sector, possibly
due to the presence of
hotels and tourism-

Map 5: Tren Urbano Business Openings in Distant Areas
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related businesses concentrated in areas like Old San Juan and Condado. Notably, the
area distant from Roosevelt Station showed a high density of professional service
businesses, including legal, engineering, and architectural firms.

Comparison Between
Map 6: Tren Urbano Sales Volume comparison of Both Analysis Areas
Treatment and Control Areas

Pre- vs. Post-Tren Urbano Sales Volume When comparing areas

near Tren Urbano stations

Legend

(treatment areas) to those

Both Areas
Sales Volume Change

farther away (control areas),
the data clearly shows that

proximity to transithas a
stronger positive impact on
local economic activity.
Businesses located within

""" walking distance of the
stations experienced a 9%
higher rate of openings than

those in more distant areas.

More strikingly, sales volume
in the treatment areas more
than doubled, with a 105%
increase compared to the

Legend

Both Areas
Employment Sizz

control zones. These gains
were accompanied by a 12%
higher average sales volume,
a 27% greater share of retail
businesses, and a 9%

®

0 135 s

sector businesses.

increase in knowledge-

Map 7: Tren Urbano Employment Size comparison of Both Analysis Areas Employment growth also
reflected these patterns,

with total employment rising by 33% and average employment size growing by 17% in
areas closer to the stations. Together, these results suggest that access to high-quality
transit can significantly enhance business vitality, attract a more diverse mix of
commercial activity, and contribute to stronger employment growth in the surrounding
community.
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Considerations and Limitations

While this analysis provides valuable insights into the economic impact of the Tren
Urbano, itis important to acknowledge several assumptions and limitations that may
affect the interpretation of the results. First, the estimation of walkable distances is based
on the assumption that all roads included in the network have sidewalks and that all
intersections offer safe pedestrian crossings. In reality, the absence of pedestrian
infrastructure could reduce actual walkability and exclude some businesses from being
truly accessible by foot, even if they fall within the designated buffer zones.

Another key

Pre- vs. Post-Tren Urbano Knowledge Sector Business Openings

Legend

Treatment Area
Change in Knowledge:
Sectar

assumption is that
population growth and
income levels remained

relatively stable from the pre-
to post-Tren Urbano periods.
However, shifts in

Bayaman

demographics, income
distribution, or population

Deportiva Jardines Martinez . 4
Tarnifnar Madal

) (RE
) density could directly
influence business activity,

including openings,

Map 8: Tren Urbano Knowledge Sector Business Openings in Areas near em ployment levels, and
Stations

consumer demand. To more
precisely measure community impact, future analyses would benefit from integrating
parcel-level land-use data. This would allow researchers to examine changes in property
values, distinguish between owned and leased commercial spaces, and evaluate the
economic effects of the train through shifts in real estate markets. This is especially
relevant in station areas such as Jardines and Torrimar, which are more residential in
nature and may experience different property value dynamics than commercial hubs.

Additionally, park-and-ride facilities and changes in traffic flow—measured through
Average Annual Daily Traffic (AADT)—may also influence transit usage and business
patterns. Factoring in trip purpose data and congestion metrics could further clarify the
relationship between transit access and local economic activity.

Other factors, such as safety, neighborhood income levels, and environmental
quality, can also influence transportation and economic outcomes. While these may affect
the broader community context, they were determined to be beyond the scope of this
study, which focused specifically on business impacts related to transit accessibility.
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Conclusion

Historically, Puerto Rico’s public transportation systems have operated under
fragmented leadership with limited institutional support. In recent years, however, both
public demand and institutional efforts have begun to rekindle the island’s public
transportation network, leading to notable increases in ridership and, in turn, greater
investment.

This analysis underscores the tangible, wide-reaching benefits of a reliable and
well-connected public transportation system in San Juan. Amid ongoing economic
challenges and a legacy of financial instability, dependable transit services have become
essential for countless residents. Public transportation is not merely a means of getting
from place to place; it acts as a driver of economic activity, a catalyst for business growth,
and a cornerstone of community revitalization.

Investments in transit infrastructure do more than improve mobility—they generate
ripple effects that bolster local businesses, create employment opportunities, and
strengthen neighborhoods. As this study demonstrates, areas with enhanced access to
public transportation consistently exhibit stronger economic performance across several
key indicators.

Itis our hope that this report contributes to a renewed conversation about the
future of public transportation in Puerto Rico. For policymakers, planners, and community
members alike, harnessing the full potential of transit represents a shared opportunity to
foster a more resilient, equitable, and prosperous Puerto Rico.
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Appendix
TABLE 1. TREN URBANO STATIONS
Station Name Sectors Bus Services Points of Interest
Bayamon Town
. 2,20, 37,91, 92, Center, El Cantén
Bayamon Commercial o
Municipal Routes | Mall, Parque de
las Ciencias
Coliseo Ruben
Rodriguez, Estadio
. o o Juan Gabriel
Deportivo Specialized Municipal Routes .
Loubriel,
Bayamon Judicial
Center
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https://static.tti.tamu.edu/tti.tamu.edu/documents/mobility-report-2023.pdf
https://www.rtd-denver.com/about-rtd/projects/denver-union-station
https://www.rtd-denver.com/about-rtd/projects/denver-union-station

Jardines Station

Jardines Residential No Bus Service
Park
. Torrimar Shopping
. Commercial / L .
Torrimar Municipal Routes | Center, Torrimar

Residential

Sports Complex

Martinez Nadal

Specialized /
Residential /

8,19, 27,

Altamira Shopping
Center, Econo

) Municipal Routes | Supermarket,
Commercial
PRITA
i i No Bus Service
Las Lomas Residential N/A

San Francisco

Specialized /
Commercial

No Bus Service

Veterans Hospital,
Metropolitan Bus
Authority, San
Francisco
Shopping Center

Puerto Rico
Medical Center,
Centro Medico Specialized 17,19 ASSMCA,
American Red
Cross
7,9,15,17,18, 30, | Ana G. Mendez
Cupey Office 31, Municipal University, UPR
Routes Botanic Garden
. Rio Piedras Town
N Commercial / o
Rio Piedras ) . Municipal Routes | Center, Paseo De
Residential )
Diego
University of
Universidad Specialized 1,4,7,8, 26 Puerto Rico - Rio

Piedras

Pinero

Commercial /
Residential

4,8,17, 26, 40, 41

Auxilio Mutuo
Hospital, San Juan

ati

AUTORIDAD
DE TRANSPORTE
INTEGRADO



Judicial Center, El
Monte Shopping

Center
EDP College,
Office / o Department of
Domenech ) ) Municipal Routes }
Residential Labor, Milla de
Oro
Milla de Oro,
Office/ Polytechnic
Roosevelt . 1,2,4 . .
Commercial University of
Puerto Rico
) Coliseo de Puerto
Office/ L .
Hato Rey Municipal Routes | Rico, Hato Rey

Commercial

Financial District

Sagrado Corazon

Commercial /
Residential

1,2,3,10, 15, 21,
22, 35, 36, 45,
Municipal Routes

Sacred Heart
University,
Connections to
Old San Juan/
Condado/
Santurce

Data Code

Business Impacts — Data Cleaning and Statistical Analysis

R Studio Code:
library(tidyverse)
library(dplyr)
library(lubridate)
library(ggplot2)
library(writexl)

library(sf)
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library(leaflet)

library(tidyr)

#set your workspace

setwd("C:/Users/Daniel/Puerto_Rico_ATl/Totals")

#set up for dividing businesses

businesses <- read.csv("all_zip.csv")

#determining the number businesses by the four subtypes

classify_sic_field <- function(code) {

prefix <- as.numeric(substr(code, 1, 2)) #first 2 digits

if (prefix >=52 & prefix <=59) {
return("Retail")

}else if ((prefix >= 70 & prefix <=89) & prefix = 73) {
return("Services")

}else if ((prefix >= 60 & prefix <=67) | prefix==73) {
return("Knowledge")

}elsef
return("Other")

}

}

Vii
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businesses$business_type <- sapply(businesses$Primary.SIC.Code, classify_sic_field)

#Summary of the number businesses by each subtypes
summary_table <- (businesses) %>%
group_by(business_type) %>%
summarise(
count=n()
) %>%
arrange(desc(count))

print(summary_table)

#finding the invalid business data
summary_invalids <- businesses %>%
summarise(

invalid_sales = sum(is.na(Location.Sales.Volume.Actual) |
Location.Sales.Volume.Actual == 0),

invalid_employment = sum(is.na(Location.Employee.Size.Actual) |
Location.Employee.Size.Actual == 0),

either_invalid = sum(

is.na(Location.Sales.Volume.Actual) | Location.Sales.Volume.Actual == 0 |

is.na(Location.Employee.Size.Actual) | Location.Employee.Size.Actual ==

print(summary_invalids)
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#creating a field for pre and post intervention (opening) of Tren Urbano

cleaned_business_data <- businesses %>%

mutate(valid_record = lis.na(Location.Sales.Volume.Actual) &
Location.Sales.Volume.Actual =0 &

lis.na(Location.Employee.Size.Actual) & Location.Employee.Size.Actual !=0) %>%
filter(valid_record) %>%
filter(!(Primary.SIC.Year.Appeared %in% c(2024, 2025))) %>%
mutate(
intervention_group = case_when(

Primary.SIC.Year.Appeared >= 1995 & Primary.SIC.Year.Appeared <= 2004 ~ "Pre-
Intervention”,

Primary.SIC.Year.Appeared >= 2005 & Primary.SIC.Year.Appeared <= 2023 ~ "Post-
Intervention”,

TRUE ~ NA_character_)) %>%
mutate(
study_group = case_when(

Primary.SIC.Year.Appeared >= 2001 & Primary.SIC.Year.Appeared <=2004 ~
"four_before_transit",

Primary.SIC.Year.Appeared >= 2005 & Primary.SIC.Year.Appeared <= 2008 ~
"four_after_transit",

TRUE ~ NA_character_

# Process data to receive yearly total counts and creating a column that labels the data
according to pre- and post- transit trends
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yearly counts <- businesses %>%

mutate(valid_record = lis.na(Location.Sales.Volume.Actual) &
Location.Sales.Volume.Actual =0 &

lis.na(Location.Employee.Size.Actual) & Location.Employee.Size.Actual != 0) %>%
filter(valid_record) %>%
filter(!(Primary.SIC.Year.Appeared %in% c(2024, 2025))) %>%
mutate(
intervention_group = case_when(

Primary.SIC.Year.Appeared >= 1995 & Primary.SIC.Year.Appeared <= 2004 ~ "Pre-
Intervention”,

Primary.SIC.Year.Appeared >= 2005 & Primary.SIC.Year.Appeared <= 2023 ~ "Post-
Intervention”,

TRUE ~ NA_character_)) %>%
mutate(
study_group = case_when(

Primary.SIC.Year.Appeared >= 2001 & Primary.SIC.Year.Appeared <= 2004 ~
"four_before_transit",

Primary.SIC.Year.Appeared >= 2005 & Primary.SIC.Year.Appeared <= 2008 ~
"four_after _transit",

TRUE ~ NA_character_

)
) %>%

count(study_group)

#plotting year data to ensure data represents what is needed to view pre- and post-
intervention (Tren Urbano Opening)




ggplot(yearly_counts, aes(x = Primary.SIC.Year.Appeared, y = n, color =
intervention_group)) +

geom_line(size = 1.2) +
geom_point(size =2) +
labs(
title = "Business Openings by Year",
x="Year",
y ="Number of New Businesses”,
color = "Intervention Group"
)+
theme_minimal() +

scale_x_continuous(breaks = seq(1995, 2023, by = 1))

#Write data to excel

write_xlsx(cleaned_business_data, "cleaned_business_data.xlsx")

#loading buffer shapefile data in

buffers <- st_read("C:/Users/Daniel/buffers/TU_Correct.shp")

#cleaning data to match station name and meters from km

buffers <- buffers %>%

mutate(

Station =sub(":.*", "", Name),
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FromBreak m = FromBreak * 1000,

ToBreak_m = ToBreak * 1000

#loading the cleaned business set

business_sf<-st_as_sf(cleaned_business_data, coords = c("Longitude”, "Latitude"), crs =
4326)

#Visulize the data to validate that it loaded correctly in interactive map (should load in
bottom right viewer)

leaflet() %>%
addProviderTiles("CartoDB.Positron") %>%
addPolygons(data = buffers,
color ="blue", weight = 2, fillOpacity = 0.1,
popup = ~Station) %>%
addCircleMarkers(data = business_sf,
radius =5, color = "red", stroke = FALSE, fillOpacity = 0.9,

popup =~ study_group)
#Loading in the different buffers from erase and clip function in GIS software

buffers <- st_read("C:/Users/Daniel/Puerto_Rico_ATl/Totals/buffers/TU_Correct.shp")
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treatment_seperate <-
st _read("C:/Users/Daniel/Puerto_Rico_ATl/Totals/buffers/TU_Correct_Treatment_Clip.shp

)

control_seperate<-
st _read("C:/Users/Daniel/Puerto_Rico_ATl/Totals/buffers/TU_Correct_Control_Erase.shp")

#Ensure Buffers are calculated correctly after using erase and clip function in GIS software

control_seperate <- control_seperate %>%
mutate(
Station =sub(":.*", "", Name),
FromBreak_m = FromBreak * 1000,

ToBreak_m = ToBreak * 1000

treatment_seperate <- treatment_seperate %>%
mutate(
Station = sub(":.*", ", Name),
FromBreak_m = FromBreak * 1000,

ToBreak_m = ToBreak * 1000

#Ensure Sales Volume calculates as numeric rather than character

business_sf <- business_sf %>%
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mutate(
Location.Sales.Volume.Actual = gsub("[\\$,]", "", Location.Sales.Volume.Actual),
Location.Sales.Volume.Actual = as.numeric(Location.Sales.Volume.Actual)
# Align CRS to ensure analysis can run correctly with shapefile data
common_crs <- st_crs(business_sf)
control_seperate <- st_transform(control_seperate, common_crs)
treatment_seperate <- st_transform(treatment_seperate, common_crs)
#turn off spherical geometries so analysis can run correctly with shapefile data
sf::sf_use_s2(FALSE)

# Join business shapefile data with buffer shapefile data - control area and treatment area

business_control_joined <- st_join(business_sf, control_seperate, join = st_intersects, left
=TRUE)

business_treatment_joined <- st_join(business_sf, treatment_seperate, join =
st_intersects, left = TRUE)

#Summarize the control group (4 and 8 km)

summary_control <- business_control_joined %>%

Xiv
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group_by(study_group) %>%

summarise(
total_businesses =n(),
num_by_type = n_distinct(business_type),
num_own = sum(Own.or.Lease == "Own", na.rm = TRUE),
num_lease = sum(Own.or.Lease == "Lease", na.rm = TRUE),
total_sales_volume = mean(Location.Sales.Volume.Actual, na.rm = TRUE),
retail_count = mean(business_type == "Retail", na.rm = TRUE),
knowledge_count = mean(business_type == "Knowledge", na.rm = TRUE),
services_count = mean(business_type == "Services", na.rm = TRUE),
other_count = mean(business_type == "Other", na.rm = TRUE),
.groups = "drop"

)

#Summarize the treatment area (0.5, 0.8, 1.2 km)

summary_treatment <- business_treatment_joined %>%

group_by(Station, study_group) %>%

summarise(
total_businesses =n(),
num_by_type = n_distinct(business_type),
num_own = sum(Own.or.Lease == "Own", na.rm = TRUE),
num_lease = sum(Own.or.Lease == "Lease", na.rm = TRUE),
avg _sales_volume = mean(Location.Sales.Volume.Actual, na.rm = TRUE),
sum_sales_volume = sum(Location.Sales.Volume.Actual, na.rm = TRUE),

retail_avg op = mean(business_type == "Retail", na.rm = TRUE),




knowledge_avg op = mean(business_type == "Knowledge", na.rm = TRUE),
services_avg _op = mean(business_type == "Services", na.rm = TRUE),
other_avg op = mean(business_type == "Other", na.rm = TRUE),
retail_sum_op = sum(business_type == "Retail", na.rm = TRUE),
knowledge_sum_op = sum(business_type == "Knowledge", na.rm = TRUE),
services_sum_op = sum(business_type == "Services", na.rm = TRUE),

other_sum_op = sum(business_type == "Other", na.rm = TRUE),

avg _employee_size = mean(Location.Employee.Size.Actual, na.rm = TRUE),

sum_employee_size = sum(Location.Employee.Size.Actual, na.rm = TRUE),

.groups = "drop"”
)

#Summarize the control area (4, 8)

summary_control <- business_control_joined %>%

group_by(Station, study_group) %>%

summarise(
total_businesses =n(),
num_by_type = n_distinct(business_type),
num_own =sum(Own.or.Lease == "Own", na.rm = TRUE),
num_lease = sum(Own.or.Lease == "Lease", na.rm = TRUE),
avg sales_volume = mean(Location.Sales.Volume.Actual, na.rm = TRUE),
sum_sales_volume = sum(Location.Sales.Volume.Actual, na.rm = TRUE),
retail_avg op = mean(business_type == "Retail", na.rm = TRUE),
knowledge_avg op = mean(business_type == "Knowledge", na.rm = TRUE),

services_avg_op = mean(business_type == "Services", na.rm = TRUE),
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other_avg op = mean(business_type == "Other", na.rm = TRUE),
retail_sum_op = sum(business_type == "Retail", na.rm = TRUE),
knowledge_sum_op = sum(business_type == "Knowledge", na.rm = TRUE),
services_sum_op = sum(business_type == "Services", na.rm = TRUE),
other_sum_op =sum(business_type == "Other", na.rm = TRUE),
avg_employee_size = mean(Location.Employee.Size.Actual, na.rm = TRUE),
sum_employee_size = sum(Location.Employee.Size.Actual, na.rm = TRUE),
.groups = "drop”

)

#SUMMARIZE treatment area to receive percentage change Pre- and Post-Tren Urbano

summary_treatment <- summary_treatment %>%

mutate(study_group = factor(study_group, levels = c("four_before_transit",
"four_after_transit"))) %>%

group_by(Station) %>%
arrange(Station, study_group) %>% # Ensures before comes first
mutate(

total_businesses_pct_change = (total_businesses - lag(total_businesses))/
lag(total_businesses) * 100,

num_own_pct_change = (num_own - lag(num_own)) / lag(num_own) * 100,
num_lease_pct_change = (num_lease - lag(hum_lease)) / lag(num_lease) * 100,

avg sales_volume_pct_change = (avg_sales_volume - lag(avg_sales_volume))/
lag(avg _sales_volume) * 100,

sum_sales_volume_pct_change = (sum_sales_volume - lag(sum_sales_volume))/
lag(sum_sales_volume) * 100,

retail_avg pct_change = (retail_avg_op - lag(retail_avg op))/lag(retail_avg op) * 100,
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knowledge_avg pct change = (knowledge_avg op - lag(knowledge_avg op))/
lag(knowledge_avg op) * 100,

services_avg _pct _change = (services_avg _op - lag(services_avg op))/
lag(services_avg op) * 100,

other_avg pct _change = (other_avg op - lag(other_avg op))/lag(other_avg op) * 100,
retail_sum_pct_change = (retail_sum_op - lag(retail_sum_op)) / lag(retail_sum_op) * 100,

knowledge_sum_pct_change = (knowledge_sum_op - lag(knowledge_sum_op)) /
lag(knowledge_sum_op) * 100,

services_sum_pct_change = (services_sum_op - lag(services_sum_op))/
lag(services_sum_op) * 100,

other_sum_pct_change = (other_sum_op - lag(other_sum_op)) / lag(other_sum_op) * 100,

avg _employee_size_pct _change = (avg_employee_size - lag(avg_employee_size))/
lag(avg _employee_size) * 100,

sum_employee_size_pct change = (sum_employee_size - lag(sum_employee_size)) /
lag(sum_employee_size) * 100,

) %>%

ungroup()

#SUMMARIZE control area to receive percentage change Pre- and Post-Tren Urbano

summary_control <- summary_control %>%

mutate(study_group = factor(study_group, levels = c("four_before_transit",
"four_after_transit"))) %>%

group_by(Station) %>%
arrange(Station, study_group) %>% # Ensures before comes first
mutate(

total_businesses_pct_change = (total_businesses - lag(total_businesses)) /
lag(total_businesses) * 100,
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num_own_pct_change = (num_own - lag(num_own)) / lag(num_own) * 100,
num_lease_pct_change = (num_lease - lag(num_lease)) / lag(num_lease) * 100,

avg sales_volume_pct_change = (avg_sales_volume - lag(avg_sales_volume))/
lag(avg_sales_volume) * 100,

sum_sales_volume_pct_change = (sum_sales_volume - lag(sum_sales_volume))/
lag(sum_sales_volume) * 100,

retail_avg pct_change = (retail_avg _op - lag(retail_avg op))/lag(retail_avg op) * 100,

knowledge_avg pct_change = (knowledge_avg op - lag(knowledge_avg op))/
lag(knowledge_avg op) * 100,

services_avg _pct _change = (services_avg _op - lag(services_avg op))/
lag(services_avg op) * 100,

other_avg pct_change = (other_avg op - lag(other_avg _op))/lag(other_avg op) * 100,
retail_sum_pct_change = (retail_sum_op - lag(retail_sum_op)) / lag(retail_sum_op) * 100,

knowledge_sum_pct_change = (knowledge_sum_op - lag(knowledge_sum_op))/
lag(knowledge_sum_op) * 100,

services_sum_pct_change = (services_sum_op - lag(services_sum_op))/
lag(services_sum_op) * 100,

other_sum_pct_change = (other_sum_op - lag(other_sum_op)) / lag(other_sum_op) * 100,

avg employee_size_pct _change = (avg_employee_size - lag(avg_employee_size)) /
lag(avg_employee_size) * 100,

sum_employee_size_pct change = (sum_employee_size - lag(sum_employee_size)) /
lag(sum_employee_size) * 100,

) %>%

ungroup()

#write code to an excel table to perform manual graphing and mapping of results

write_xlsx(summary_treatment, "summary_treatment_pct_change.xlsx")
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write_xlsx(summary_control, "summary_control_pct_change.xlsx")

Ridership Impacts — Trip Data Cleaning and Formatting

library(dplyr)
library(lubridate)
library(tidyr)
library(lpSolve)
library(writexl)

setwd('D:/Planning Studio - Puerto Rico/ATl/Data for Framework/GetPersonTrip') df <-
read.csv("Trip_Details_Ridechecks_Mayo_ 2023 - Copy.csv")

Total.Travel.Time, some rows are super larger. Create Total.Travel.Time.fix to fix that
df <- df %>%
mutate(Time_parsed = parse_date_time(Time, orders = "I:M:S p")) %>%
group_by(TRIP_ID) %>%
arrange(Time_parsed, .by_group = TRUE) %>%
mutate(
First_time = first(Time_parsed),
Time_diff = as.numeric(Time_parsed - First_time, units = "secs"),
Total.Travel.Time.fix = sprintf(
"%d:%02d:%02d",
floor(Time_diff / 3600),
floor((Time_diff %% 3600) / 60),
floor(Time_diff %% 60)
)
) %>%
ungroup()

# extract the total travel time of each trip
df <- df %>%
group_by(TRIP_ID) %>%
mutate(FinalTravelTime = max(" Total.Travel.Time.fix")) %>%

ungroup()
# Convert time to minutes
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df$FinalTravelTime_minutes <- period_to_seconds(hms(df$FinalTravelTime))/ 60

Only keep rows that have IN or OUT records

# Delete rows that dont have IN or OUT
df$InAndOut <-df$IN +df$OUT
df_IsAction <- df %>%
filter(InAndOut !=0)
# Delete Duplicated Rows
df_IsAction <- df_IsAction[!duplicated(df_IsAction[c("TRIP_DETAIL_ID", "LAT", "LON")]), ]
# create a new dataframe for person tirp data
df_TripPerson <- data.frame()

for(trip in unique(df_IsAction$TRIP_ID)){ # get all rows in this trip
trip_data <- df_IsAction[df_IsAction$TRIP_ID == trip,]

# RULE 1: skip problematic data where IN and OUT is not the same
if (sum(trip_data$IN) != sum(trip_data$OUT)) {
print(paste("Skip for total IN not equals total OUT. Trip id =",trip_data$TRIP_ID))
next# Skip current row to process next trip
}
# RULE2: skip problematic data where the OUT is more than the sum of previous IN
rule2 <-0
for (iin 2:nrow(trip_data)) {
if (trip_data$OUT[i] > sum(trip_data$IN[1:(i-1)])) {
rule2 <-1
break
}
}
if (rule2 ==1)}{
print(paste("Skip for OUT surpassing previous total IN. Trip id =", trip_data$TRIP_ID))
next}

# delete duplicate row

trip_data <- trip_data[!duplicated(trip_data[c("TRIP_DETAIL_ID", "LAT", "LON")]), ]
#index every row/stop

trip_data$StoplD_InTrip <-NULL
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trip_data$StopID_InTrip <- 1:nrow(trip_data)

# if first row of KM.Cumulativo is Null, attribute 0
if (is.na(trip_data$KM.Cumulativo[1])) {
trip_data$kKM.Cumulativo[1] <- 0
}
# recalculate the distance between each stop in KM
trip_data$kKM.Between <- rep(NA, nrow(trip_data)) # create KM.Between row

for (rowin 1:nrow(trip_data)-1){
trip_data$KM.Between[row] <- trip_data$KM.Cumulativo[row+1] -
trip_data$kKM.Cumulativo[row]

}

# extract current tripid’s total passenger value (For shortening codes though there is a
value existing already)

# total_passengers <- df_IsAction %>% filter(TRIP_ID == trip) %>%
pull(TotalPassenger) %>% first()

total_passengers <- sum(trip_data$IN)

# Skip rows that the number of rider=0, Or there will be error

if (total_passengers == 0){
print(paste("The number of rider is . Skip current row where trip id ", trip))
next

}

# create Matrix to gain soluction from lp function
OD <- GetOD(trip_data)

# create“tripid”data total_passenger rows

TripPerson <- data.frame(
TriplD = rep(trip,total_passengers),
PersonlD_InTrip = 1:total_passengers,
PersonlID = paste(trip, 1:total_passengers, sep="_"),
TripDetaillD_IN = rep(NA, total_passengers),
TripDetaillD_OUT =rep(NA, total_passengers),
LAT_IN =rep(NA, total_passengers),
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LON_IN = rep(NA,total_passengers),

LAT_OUT =rep(NA, total_passengers),
LON_OUT =rep(NA,total_passengers),
TrvtByTransit_Min = rep(NA,total_passengers),
TrvDistByTransit_KM = rep(NA,total_passengers)
)

# create row

# Change the total travel time of the first row in trip_data to 0
#trip_data$Total. Travel.Time[1] <- "00:00:00" # fix Total.Travel.Time /o 752 |

# extract total travel time in trip_data in advance and convert to Seconds
trip_data <- trip_data %>%
mutate(Total.Travel.Time.Seconds = period_to_seconds(hms(Total.Travel.Time.fix)))

trip_data$Total.Travel.Time.Seconds[1] <-0

# Traversing OD matrix and fill TripPerson
person_index <- 1

for (in_stop in 1:nrow(OD)) {
for (out_stop in 1:ncol(OD)) {
num_people <- OD[in_stop, out_stop] # number of people travel from in_stop to
out_stop

if (num_people >0) {
# get the trip_data for In and Out Stops
in_data <- trip_data %>% filter(StoplD_InTrip == in_stop) %>% slice(1)
out_data <- trip_data %>% filter(StopID_InTrip == out_stop) %>% slice(1)

# calculate time differences and distance diff

time_diff <- (out_data$Total. Travel.Time.Seconds - in_data$Total.Travel.Time.Seconds)
/60

dist_diff <- (out_data$KM.Cumulativo - in_data$KM.Cumulativo)
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# Traversing all passengers

for (iin 1:num_people) {
TripPerson[person_index, "TripDetaillD_IN"] <- in_data$TRIP_DETAIL_ID
TripPerson[person_index, "LAT_IN"] <- in_data$LAT
TripPerson[person_index, "LON_IN"] <- in_data$LON

TripPerson[person_index, "TripDetaillD_OUT"] <- out_data$TRIP_DETAIL_ID
TripPerson[person_index, "LAT_OUT"] <- out_data$LAT
TripPerson[person_index, "LON_OUT"] <- out_data$LON

TripPerson[person_index, "TrvtByTransit_Min"] <- time_diff
TripPerson[person_index, "TrvDistByTransit KM"] <- dist_diff

person_index <- person_index + 1
}
}
}
}

# Combine current trip_data to df_TripPerson
df_TripPerson <- rbind(df_TripPerson, TripPerson)

}
Get OD function

# Data we have

GetOD <- function(trip_data){
stations <- 1:nrow(trip_data)
n <- length(stations)

total_departures <- trip_data$IN # number of people get in at each stop
total_arrivals <- trip_data$OUT # number of people get out at each stop

# Actual distance between stops
distances <- trip_data$KM.Between[!is.na(trip_data$KM.Between)]

# calculate the shortest total route distance of all (i, j) in matrix

distance_matrix <- matrix(0, n, n)
for(iin 1:(n-1)){
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for(jin(i+1):n){
distance_matrix[i, j] <- sum(distances]i:(j - 1)])
}
}

# Difine variables: x_ij are vectors, correspond to index (i, j)
var_indices <- which(upper.trilmatrix(0, n, n)), arr.ind = TRUE)
m <- nrow(var_indices)

# target function coeffiecient (actual distance)
costs <- sapply(1:m, function(k) distance_matrix[var_indices[k, 1], var_indices[k, 2]])

# matrixrulesA_eq *x=b
A_eq <- matrix(0, nrow =2 *n, ncol=m)
b_eq <- c(total_departures, total_arrivals)

# departure rules: the number of ppl depart at this stop must equal total_departures
for(iin 1:n) {
A_eqli, ] <- as.numeric(var_indices[,1] == i)

}

#arrival rules . the number of ppl arrival at this stop must equal total_arrivals
for(jin 1:n){
A_eq[n +j, ] <- as.numeric(var_indices[,2] == j)

}

# method2 : Tends to disperse traffic (closer to uniform distribution assumption)

# First solve the basic problem to get a feasible solution
res_basic <- Ip(direction = "min",

objective.in = costs,

const.mat=A_eq,

const.dir=rep("=",2 *n),

const.rhs = b_eq,

all.int=TRUE)

# Then add the distribution uniformity target
entropy_objective <- rep(1, m) # Make all paths as close to the mean as possible




res_entropy <- I[p(direction = "min",
objective.in = entropy_objective,
const.mat =rbind(A_eq, costs),
const.dir=c(rep("=", 2 *n), "="),

const.rhs = c(b_eq, res_basic$objval), # fixed total distance

all.int = TRUE)

# Parsing results

print_solution <- function(res, title) {
#cat("\n", title, "\n")
solution <- NULL # Initialize first to make sure "~ solution™ exists

if (res$status ==0) {
solution <- matrix(0, n, n)
for(kin 1:m){
i <-var_indices[k, 1]
Jj<-var_indices[k, 2]
solution(i, j] <- round(res$solution[k])
}
#print(solution)
#cat("Total travel distance", res$objval,"\n")
Jelsef
cat(" Optimization failed,trip id:",trip_data$TRIP_ID[1], "\n")
}

return(solution)

}

solution <- NULL # Initialize first to make sure "~ solution’ exists

solution <- print_solution(res_entropy, paste("Final OD Matrix, trip id =",
trip_data$TRIP_ID[1]))
return(solution)

}
write_xlsx(df_TripPerson,"df_TripPerson_May23Bus.xlsx")
saveRDS(df_TripPerson,"df_TripPerson_May23Bus.rds")

# Extract the total travel time of each trip and multiply it by the total number of people
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df_IsAction_filtered <- df_IsAction_filtered %>%
group_by(TRIP_ID) %>%
mutate(trvt_transit_total = max(" Total.Travel.Time.fix")) %>%

ungroup()
# Convert time format to minutes

df$FinalTravelTime_minutes <- period_to_seconds(hms(df$FinalTravelTime))/ 60
Trvt_Transit_Total <- df_IsAction_filtered %>%
group_by(TRIP_ID)%>%

print(sum(unique(df_IsAction_filtered$FinalTravelTime_minutes)))
# Generate a starting point dataset

starts <- df_TripPerson %>%
mutate(
RoutelD = PersonliD,
Sequence =1,
TripID = TripID,
PersonlD_InTrip = PersonlD_InTrip,
LAT=LAT_IN,
LON =LON_IN,
TripDetaillD_IN = TripDetaillD_IN,
TripDetaillD_OUT = TripDetaillD_OUT,
TrvtByTransit_Min = TrvtByTransit_Min,
TrvDistByTransit_KM = TrvDistByTransit KM
) %>%
select(RoutelD, Sequence, LAT,
LON,TripID,PersonlD_InTrip, TripDetaillD_IN, TripDetaillD_OUT, TrvtByTransit_Min,
TrvDistByTransit_KM)

# Generate an ending point dataset
ends <-df_TripPerson %>%
mutate(
RoutelD = PersonlD,
Sequence =2,
TripID = TripID,
PersonlID_InTrip = PersonlD_InTrip,
LAT =LAT_OUT,
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LON=LON_OUT,
TripDetaillD_IN = TripDetaillD_IN,
TripDetaillD_OUT = TripDetaillD_OUT,
TrvtByTransit_Min = TrvtByTransit_Min,
TrvDistByTransit_KM = TrvDistByTransit_ KM

) %>%

select(RoutelD, Sequence, LAT, LON,TriplD,PersonlD_InTrip,TripDetaillD_IN,
TripDetaillD_OUT, TrvtByTransit_Min, TrvDistByTransit_KM)

# Merge and sort
df_TripPerson_T <- bind_rows(starts, ends) %>%
arrange(RoutelD, Sequence)
# create new index RouteODID
df_TripPerson_T$RouteODID <- paste(df_TripPerson_T$RoutelD,
df_TripPerson_T$Sequence, sep="-")
# save transformed tripperson
datawrite_xlsx(df_TripPerson_T,"df_TripPerson_T_May23Bus.xlsx")
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