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A APPENDIX A REVIEW RESULTS,
DATA REQUIREMENTS AND MODEL
FINDINGS

As part of the initial tasks for developing of the 2045 LRTP an analysis of the Base Conditions and
Options was performed. The main objective of this task is to capture an objective picture of
available data related to the transportation system in Puerto Rico. This chapter is divided into 4
sections:

LRTP 2040 Report and Model Assessment;
Existing Conditions Assessment;

Existing Traffic Counts and Travel Time Databases;
Global Information System (GIS) Database.

R

As part of this analysis the following documents were reviewed:

Final Report

The previous version of the 2040 Puerto Rico Long Range Transportation Plan (2040 LRTP)
report, model and related files;

PRHTA Construction Improvement Program (CIP);

Heavy vehicles federal requirement files;

Recent transit demand files for AMA;

Data related to the effects of Hurricane Maria on the transportation infrastructure;

Public Participation Plan (Plan de Participacion Ciudadana, DTOP);

Federal Highway Online Travel Survey Manual Update — based on the National
Cooperative Highway Research Program’s (NCHRP’s) Report 571 and its technical appendix
(titled Standardized Procedures for Personal Travel Surveys, authored by Peter Stopher
and teammates) and the Federal Highway Administration’s (FHWA’s) in 1996;

2001 National Household Travel Survey User’s Guide;

Global Information System (GIS) files related to existing infrastructure;

Latest version of the Unified Planning Work Program (UPWP); and

Various versions of the Statewide Transportation Improvement Program (STIP);

The PRHTA Fiscal Plan.
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Additional information from existing traffic counts was obtained from the Data Collection Office of
the PRHTA and their consultants. It includes data from the Highway Performance Monitoring
System (HPMS) and the Surface Transportation Program (STP).

This chapter includes a summary of the general findings related to the reviewed data.

LRTP 2040 REPORT AND MODEL ASSESSMENT

The files from the previous LRTP were the starting point of the 2045 LRTP report. DATA AVAILABLE
FOR LRTP BY SOURCE goes into more detail regarding the content of the report and the modelling
approach for 2040 as well as into the improvements proposed to the regional model for the 2045

Plan.

These documents were published from August 2013 to December 2013 and consist of four main
publications:

1. Puerto Rico 2040 Island-wide Long-Range Transportation Plan;
2. SanJuan Transportation Management Area;

3. Aguadilla Transportation Management Area; and

4. Five Transportation Planning Regions.

The new 2045 LRTP is a continuation of the previous plan and is based the Vision Goals and
Objectives from the 2040 LRTP. Adjustments to these were made considering the new local
conditions in Puerto Rico and the requirements under federal regulations. These changes were
validated with the LRTP stakeholders including the general public, the MPO and the project
committees; these are discussed further along in this document.

Regarding to the 2040 CUBE model, the spatial coverage of the Puerto Rico travel demand model
(the model), also referred to as the Island-wide model, spans the main island of Puerto Rico and
the islands of Culebra and Vieques. It includes seven transportation planning regions, which are
subdivided into 4,296 transportation analysis zones (TAZ).

The model is a traditional trip-based model which has four sequential steps:

e Trip generation;
Trip distribution;
Mode choice; and
e Assignment.

The forecasting process classifies all trips into one of six cores trip purposes or commercial vehicle
trips:

e Home-based work (further disaggregated into three subgroups based upon income level)
- including trips from home to work place or from work place to home;

e Home-based shopping — including trips from home to shops or restaurants;

e Home-based school —including school trips from home to K-12;

e Home-based university —including trips from home to university, mainly during off-peak;
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e Home-based other —including all home-based trips beginning or ending at places not
listed above;

e Non-home based — including trips with home as neither the origin nor the destination;
and

e Non-household based vehicle classes — including commercial vehicles, medium weight
trucks, and heavy trucks.

The model for 2040 LRTP was calibrated and validated to the 2010 traffic conditions. It is worth
noting the 2045 LRTP model was calibrated to 2016 traffic conditions. 2017 traffic conditions were
not considered because hurricane aftermath conditions did not allow for data collection. The
following sections, include a review of each of the forecasting steps in more detail.

Socioeconomic Data

The 2040 LRTP travel demand model requires socioeconomic data that are commonly used inputs
to travel demand models. The following data are required for each Traffic Analysis Zone (TAZ):

e Household variables;
e  Employment variables; and
e School Enrollment.

The household variables are input to a household synthesizer to disaggregate total households
into a disaggregated household database. The synthesizer stratifies the households in each TAZ
into five dimensions:

e Household Size (humber of persons) (1,2,3,4+);
e Income Group (Low, medium, high);

e  Number of Workers (0,1,2,3+);

e Number of Children (0,1,2,3+); and

e Presence of Senior Citizens (0,1+).

The household synthesizer uses lterative Proportional Fitting (IPF) to estimate the number of
households of each household type in each TAZ. The IPF requires a seed distribution of
households and marginal totals for each of the household dimensions.

An auto ownership model uses the household synthesizer outputs to estimate the number of
households by auto ownership level in each zone. Four auto ownership levels are used:

e Zero autos;

e One auto;

e Two autos; and

e Three or more autos.

Table A.1 outlines the data sources for each base year variable. The following section discusses
the process used for forecasting and allocating these variables to the TAZ level.

! Low: <$25,000, medium: < $75,000, high: $75,000 or greater; 2009 dollars.
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Table A.1: Summary of Base Year Data and Sources

| variable |  Sources | Geography
Population and Households Census 2010 Census Block Level

American Community Survey five-
year data (2005-2009).

Income If median income not available in Census tract level

ACS, the median income for the

municipality was assumed.

Public Use Micro Sample (PUMS) for

PR.

° Puerto Rico Dept. of Labor;

° 2000 Census Journey-to-Work;

° BLS Data (QCEW- Quarterly
Census of Employment and

Employment Wages); PR Total — Parcel Level

° Dun and Bradstreet Database;

° National Land Cover Database
(NLCD) from ArcGIS Online;

° Land use data from PRHTA;

° Puerto Rico Department of
Education;

° ESRI — National Center for
Education;

° Middle States Association of
Colleges and Schools; and

° National Center for Educations
Statistics.

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

IPF Seed Household Distribution

School Enrollment

The socioeconomic forecasts approach and methods used in the previous model (2040 LRTP) are
sections outlined in DATA AVAILABLE FOR LRTP BY SOURCE.

For the updated modeling effort as part of the 2045 LRTP, the most recent socioeconomic data
available was gathered to update the socioeconomic forecasts travel demand model. These
included:

e  Population by Island Total: 1985 — 2016;

Population by Municipio: 1999 — 2016;

Population by Census Block Group: 2000 and 2010;

Puerto Rico — US migration: 2005 — 2016;

Puerto Rico Life Expectancy: 1960 — 2015;

Puerto Rico Fertility Rates: 1960 — 2015;

Persons per Household Ratio by Municipio: 2009 — 2015 (5-year datasets);
Employment by Workplace Location by Municipio: 2001 — 2016;
Employment by Home Location by Municipio: 1983 — 2016;

e Journey to work flows by Municipio (CTPP): 2006-2010 (5-year dataset);

o  Employment by NAICS Industry by Municipio: 2007, 2012, and 2014 — 2016;
e Average Weekly Wages by Municipio: 2001 — 2016;

e  Median Household Income by Municipio: 2009 — 2015 (5-year datasets); and
e  Public Use Microdata Sample: 2016.
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Regional econometric models were used for the development of MPO-level population and
employment forecasts. These models relate population, employment, and wages in order to have
a consistent forward-looking view on Puerto Rico’s socioeconomic situation. Allocations of MPO
control totals to TAZs are based off historic trends and 2010 Census data.

Trip Generation

The inputs to the trip generation component of the 2040 LRTP travel demand model are discussed
in detail in DATA AVAILABLE FOR LRTP BY SOURCE; these include:

e 2010 Census Data;

e National Land Cover Database (NLCD);

e  American FactFinder Public Use Microsample (PUMS) data; and
e 2011 Puerto Rico Household Travel Survey (HHTS).

The end-product of the 2040 LRTP model trip generation component is a table of productions and
attractions by trip purpose for each TAZ in the model. The trip purposes include:

e Home based work (HBW), disaggregated into three income groups;

e Home based retail (HBR);

e Home based school (HBS);

e Home based university (HBU);

e Home based other (HBO);

e Non-home based (NHB); and

e  Truck, split into three truck types, and identical production and attraction models.

The attraction and truck models are primarily derived from external sources and publications,
applied directly to TAZ-level variables, discussed further in the Trip Generation Statistical Models
section.

The production models, however, used variables at the individual household level, and therefore
require a two-step process:

e  Production Models Step 1: Population Synthesizer; and
e Production Models Step 2: Calculating each TAZ's productions.

Trip Attraction Models

Table A.2 shows the variables in the TAZ-level socioeconomic data file created from census data,
NLCD data and GIS processes. Most of these are used in one or more of the trip attractions
models. Unlike the productions models, no population synthesizer is necessary, because these are
TAZ level variables that do not interact with each other, and thus it is only necessary to know
these variables’ values in aggregate at the TAZ level; dividing the TAZ into ‘types’ based on these
variables is not required.
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Table A.2: Trip Attraction Variables

Serial Numbers

FIPS Federal Information Processing Code for Municipio of TAZ. S 7
POP Number of persons in TAZ. 0,1,2, 3...

HH Number of households in TAZ. 0,1,2,3...
RETAIL Number of employees working in retail occupations in TAZ. 0,1,2,3...
SERVICE Number of employees working in service occupations in TAZ. 0,1,2,3..
MANUF Number of employees working in manufacturing occupations in TAZ.  0,1,2, 3...
GOVT Number of employees working in government occupations in TAZ. 0,1,2, 3...
OTHER Number of employees working in other? occupations in TAZ. 0,1,2,3..
TOTEMP Number of total employees working in TAZ. 0,1,2, 3...
ACRES Number of acres inside TAZ boundaries. 1,2, 3...

The median annual
household income
INCOME Median annual household income in TAZ. vary by TAZ, ranging
from $2,425 to
$78,950 in 2016.

STUDENTS Number of children aged (5-17) in TAZ. 0,1,2, 3...
COLLEGE Number of persons attending college or trade school in TAZ 0,1,2, 3...
0: No
DORMS A flag denoting if the college inside a TAZ has dormitory facilities. Ly
:Yes

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

Trip Generation Statistical Models

As discussed, the 2040 LRTP travel demand model trip generation component contains a series of
statistical sub-models that were used to produce the end-product of trip generation, i.e. a table of
productions and attractions for each trip purpose for each of the 4,296 TAZs in the travel demand
model.

Table A.1: List of Sub-models within Trip Generation Component

Linear regression of
Census average household size /
Tract income on size / income
group distribution

Household Size and Disaggregate households into
Income Group

Models

the 384 types by size, income group, numbers
of workers, children, and seniors

2 0ther employment included all other industry categories that were not captured by retail, service,
manufacturing and government.
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Household

. Census A
Composition Cross-classification

Tract

Models
Household Auto PUMS Logit Estimate probability of having 0, 1, 2 or 3+
ownership model g autos per household for each household type
Production models Linear regression of trips
for each trip HHTS generateq o.n hh . Generate productions by TAZ
purpose (other than characteristics derived
truck trips) from PUMS / IPF process
Attraction models
I NCHRP 365 n/a Generate attractions by TAZ
purpose (other than
truck trips)
Truck productions /  External n/a Generate truck productions and attractions by
attractions model Models TAZ

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

The attractions models use previously-developed parameters from NCHRP Report 365, and the
truck models use a combination of external models developed in other regions. The production
models are estimated from the HHTS, which was updated for the 2045 LRTP but was not complete
until May 2018, after the required deadline for model calibration. For those reasons, it was not
feasible or significantly beneficial to update the bottom three sub-models listed in Table A.3.

Special Generators

The 2040 LRTP model incorporated special generators in certain TAZs that do not conform to the
trip generation characteristics along with other TAZs in the study area. Special generators are used
in many MPO travel demand model to generate trips associated with shopping centers, airports,
sports/convention centers, hospitals, military bases, and universities.

2045 Scope for Trip Generation
The 2045 model recalibration consisted of the following tasks related to trip generation:

e Collection and QA/QC of most recent PUMS and Census data;

e Aggregation the census data into PR model TAZs;

e  Updating of the sub-models that feed into the population synthesizer, as listed in the
final column of Table A.3:;

e  Comparison of latest available household data (2016) to prior version and potential
revision of 2040 projections based on differences;

e  Revision and estimation of special generators; and

e  Minor modifications to reduce run time and size of some of the model’s intermediate
files.
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Trip Distribution
General Process

The trip distribution model takes as inputs the productions and attractions produced by the trip
generation step, and estimates the zone-to-zone trip flows using the minimum generalized
impedance as controlling determinant.

The model utilizes a standard gravity model procedure to perform the trip distribution process by
trip purposes and by income groups. The trip purposes in the trip distribution are the same as
those defined in the trip generation step. For each trip purpose, the process for producing each
trip matrix has the following three general steps (refer to DATA AVAILABLE FOR LRTP BY SOURCE
for details):

e  Step 1: Calculate the generalized impedance for each origin-destination pair in peak and
off-peak;

e  Step 2: Calculate the friction factors by trip purposes; and

e  Step 3: Distribute trips.

2045 Scope for Trip Distribution

During the process of updating and calibrating the model for the 2045 model; the following tasks
were completed:

e  Comparison of average trip length and trip length distribution of household data to prior
version;

e  Revision of the friction factor functions based upon differences; and

e Introduction of K factors to better approximate the observed region to region flows.

Mode Choice

The mode choice is the third key stage in the operation of the LRTP travel demand model,
following the trip generation and trip distribution steps. The purpose of this stage is to split the
forecast trip demand into different modes. The formulation of the mode choice model is
described here along with recommendations for future work.

Data Sources

Based on the available model documentation, no data collection was done for estimating the
mode choice model for the 2040 work. Instead, only national benchmark values were used. It also,
seems that the assumptions in the model were validated based on trip behavior reported in the
household travel survey, ACS, transit on-board survey, NTD, and local transit ridership. That is,
industry standard benchmarks were used to set up the mode choice model with parameters
adjusted to hit certain estimated mode share targets.

General Process

The final outputs of the 2040 Mode Choice stage were trip matrices for each of the ten modes for
each of the eight trip purposes. This gives 80 individual trip matrices. All calculations were applied
for each TAZ in the model on an origin-destination basis. The ten modes are shown in Figure A.1.
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Figure A.1: Mode Choice Hierarchy

Transit Nonmotorized

Shared ride Local transit | Publico | | Nonmotorized |

] —

Premium Premium

Single occupancy Shared ride Shared ride A - Local transit Local transit Publico Publico -~
Vehicle 2 people 3+ people transit transit Walk Access Drive Access Walk Access Drive Access Nonmotorize

Walk Access Drive Access

Single occupancy
Vehicle

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

For each trip purpose, the process for producing each trip matrix has the following three general
steps (refer to DATA AVAILABLE FOR LRTP BY SOURCE for details):

e  (Calculate utilities for each mode;
e (Calculate mode choice split for each mode; and
e  (Calculate total trips for each mode.

2045 Scope for Mode Choice

Within the model it was assumed that the peak period is the best indicator of home based work
behavior while the off-peak period is the best indicator of the other trip purposes. In reality,
individuals make trips for all purposes in both the peak and off-peak period. As such to the 2045
estimate the mode choice for each purpose independently for each time period, depending on
data available.

Time of Day
The 2040 model’s four-time periods are defined as:

e AM Peak: 7:00 —9:00 am;

e  Midday: 9:00 am — 3:00 pm;

e PM Peak: 3:00 — 6:00 pm; and
e Night: 6:00 pm —7:00 am.

The 2040 time of day factors used the following datasets:

e  Puerto Rico Household Travel Survey (PRHTS) database (percent of person trips by time
period and by trip purpose); and
e Time period percentages for truck. See Table A.4 .

The 2040 LRTP travel demand model general procedures are discussed in more detail in DATA
AVAILABLE FOR LRTP BY SOURCE.

& @B i TR

Final Report December 2018 | 11



APPENDIX A REVIEW RESULTS, DATA REQUIREMENTS AND MODEL FINDINGS

Truck Model Development

This section discusses the truck model development for the 2040 LRTP travel demand model and
recommendations to the modeling update; more detail is included in DATA AVAILABLE FOR LRTP
BY SOURCE.

Within the 2040 LRTP travel demand model, three types of non-personal vehicle trips are defined.
These are:

e Commercial Vehicle (COM);
e  Medium Truck (MTRK); and
e Heavy Truck (HTRK).

However, no survey data was available to describe these trips as these surveys tend to be
extremely expensive and are not very productive or cost-efficient. The only data that was available
to describe these trips are classification counts done for the 2040 study.

Truck Trip Generation

Daily truck trips are estimated separately by purpose (COM, MTRK, HTRK) and use the convention
that zonal productions are set equal to zonal attractions.

One new variable was included for truck zones in the model; this variable identifies whether a
zone contains land uses that appear likely to generate a higher-than-average number of truck trips
per employee. This includes truck stops, warehouses, transfer terminals, ports, and
concentrations of manufacturing or industrial buildings (more details in DATA AVAILABLE FOR
LRTP BY SOURCE).

Truck Trip Time of Day Distribution

The truck time of day model is a simple application of a set of fixed factors that split the daily
COM, MTRK, and HTRK trip tables into the four-time periods.

This is a conventional practice, consistent with most four-step models. The trip fractions in the
model were developed by examining data from other models and were adjusted based on
comparison of the estimated MTRK and HTRK period volumes to a limited set of hourly
MTRK/HTRK counts taken in 2011-2012. Truck factors are presented in Table A.4.

Table A.1: Truck Time of Day Factors

Commercial Trucks Medium Trucks Heavy Trucks

AM Peak 17% 12% 14%
Midday 44% 42% 40%
PM Peak 23% 18% 17%
Night 16% 28% 29%

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

& @B i TR

Final Report December 2018 | 12



APPENDIX A REVIEW RESULTS, DATA REQUIREMENTS AND MODEL FINDINGS

Truck Trip Assignment

Truck trips were assigned to the network as part of the overall vehicle assignment process which is
detailed in the Highway Assignment section. It was assumed that commercial vehicles, medium
trucks, and heavy trucks have the same kind of path-selection logic as automobiles and that their
choice of paths is as sensitive to congestion as autos:

e  Passenger Car Equivalent (PCEs);

e  Truck Value of Time (VOT);

e  Truck Tolls;

e  Truck Prohibitions; and

e  Output Volumes (more details in DATA AVAILABLE FOR LRTP BY SOURCE).

2045 Scope for Truck Model
For model development, calibration, and validation the following tasks were undertaken:

e Compare and update the trip generation and distribution results with the new
socioeconomic data collected for this study;

e Compare and update truck percentages by time of day with observed data;

e  Update the gamma function to calibrate the truck trip length and trip length distribution;
and

e Update the truck volume-delay function (VDF) during the assighment (see Model
Parameters).

Transit Assignment

The transit assignment was used throughout the modelling process, both for the final assignment
of the forecast transit demand, as well as input into other processes. While transit assignment is
one of the final steps of the model some items needed for assignment are needed earlier in the
model are therefore generated earlier. For example, transit skims are input into the distribution
and mode choice processes. Detail related to the transit assignment are included in DATA
AVAILABLE FOR LRTP BY SOURCE.

Data Sources

Previously ridership (boarding) information was available for the transit modes to varying levels of
detail. The information available for each mode is shown in the Table A.5.

Table A.1: Source of Transit Ridership Data

. Average daily boardings (Sun-Sat)
ACI data from stations access

Tren Urbano A by station
machines

Monthly boardings by station
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AMA buses AMA fare collection system Average weekday boardings
Metrobus National Transit Database Monthly total boardings
Publicos National Transit Database Monthly total boardings
Ferries National Transit Database Monthly total boardings

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

General Process

The public transit assignment occurs in two stages within the 2040 LRTP model. These stages are
as follows:

e Network building and skimming; and
e  Final assignment.

The transit network was built and origin to destination trip details were skimmed for use in the
distribution and mode choice stages of the model. Six different transit networks were built and
skimmed and these are shown in the Table A.6.

Table A.1: Transit Networks

Peak Transit Networks Off-Peak Transit Network Primary Mode

Premium services only Premium services only Premium services
Local and Premium services Local and Premium services Local services

Publicos, Local, and Premium services  Publicos, Local, and Premium services  Publicos

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

Note that times skimmed from the above networks were based on each trip using at least one of
the services from the Primary modes. That is, if Local services are the primary mode, then each
trip must use a Local service, although it may also use other services as well.

The inputs for the network building are outlined below:

e Highway network;

Transit lines;

Transfer legs;

e Park and ride access;

e  System file;

e Fares; and

e  Factor file (more details in DATA AVAILABLE FOR LRTP BY SOURCE).

In order to skim end to end times the non-transit network also needs to be defined. This is done
through a series of GENERATE statements. There are five GENERATE statements in the Puerto Rico
model which are described briefly below.

e Transfer legs;
e  Walk access legs;
e Walk egress legs;
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e  Park and ride access; and
e Kiss and ride access.

At this point a complete transit and non-transit network was built and so the model is able to skim
the relevant transportation attributes for use in the distribution, mode choice, and final transit
assignment.

Final Assignment

The final public transit assignment within the model is an uncrowded, multi user class assighnment
for each trip purpose, and primary transit mode. The only difference between the two user classes
is access mode with one being walk access and the other car access (more details in DATA
AVAILABLE FOR LRTP BY SOURCE). From the final assignment, the following outputs were
produced:

e Total mode to mode transfers;
e Travel times and distances by service; and
e  Boardings and alightings for each service at each stop location.

2045 Scope for Transit Assignment
The following improvements to the transit assignment were proposed:

e Peak and off-peak transit assignment for both work and non-work trips;
e  Consolidation of transit assighments; and
e  Optimization of transit assignment.

These are discussed further detail below.

Peak and Off-Peak Transit Assignment for both Work and Non-Work Trips

For the 2045 model the transit assignment included both peak and off-peak transit assignments
for work and non-work trips, consistent with the team’s recommendations to the mode choice
model. As part of this task, key transit parameters were reviewed and updated based on available
data. For example, initial wait and transfer curves needed to be updated due to different service
headways and the extent to which these align. Different perceptions of out of vehicle times across
different periods and purposes is another area considered.

Consolidation of Transit Assighments

In the specification of the hierarchy of transit modes Premium is at the top. As such it has its own
assignment. However, due to the limited coverage of the Premium services this means that access
to these services is quite difficult. Table A.7 presents the changes made to the assighnment in order
to get a better picture of the value of the Premium services.
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Table A.1: Recommended Transit Assignment Consolidation

Available Modes Primary Mode

Premium, Local, Publico Premium
Local, Publico Local
Local, Publico Publico

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

Under this structure, any trip which uses a Premium service is classified as a Premium trip and
appears in the Premium trip matrix and assignment. In this way the benefit of the Premium
services beyond the core corridor can be assessed. This is the preferred approach used in
advanced transit models around the world.

In addition, given the different markets served by Local and Publico services it is also possible to
consolidate the Local and Publico primary mode assignments into a single assignment with little
expected loss of information. The main potential downside of this is that should the Local bus
services be extended beyond San Juan in order to compete directly with the Publicos the analysis
may be more involved. The upside however is that analysis of the transit networks more generally
will be more straightforward and efficient.

Optimization of Transit Assignment

Within the assignment, there are some inefficiencies that were improved. While the transit
assignment is quick, this may increase in the future with ongoing development. For example, the
inclusion of crowding in a future version is likely to significantly increase the transit assignment
run time. As such, the model was optimized where possible.

Highway Assignment
General Process

The 2040 LRTP travel demand model uses a multi-class static assignment method as explained in
more detail in DATA AVAILABLE FOR LRTP BY SOURCE. Each vehicle class is assigned to its own
path, enabling modeled volumes for each class to be reported separately. Vehicle classes defined
in the model are:

e Single Occupant Vehicles (SOV);

e Two Person Shared Ride Vehicles (SR2);

e Three-or-more Person Shared Ride Vehicles (SR3);
e Commercial Vehicles (COM);

e  Medium Trucks (MTRK); and

e  Heavy Trucks (HTRK).

Model Parameters

This section summarizes technical details for each of the major traffic assignment model
components:

e Equilibrium Convergence;
e  Period Capacity Factors;

& @B i TR
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e  Path Building;

e Value of Time;

e  Vehicle Operating Costs;

e  Passenger Car Equivalents (PCE); and

e  Volume Delay Function (VDF) (more details in DATA AVAILABLE FOR LRTP BY SOURCE).

Feedback

The 2040 LRTP travel demand model uses a feedback loop to achieve consistency between input
travel times and output congested times. The general procedure is presented in Figure A.2.

Figure A.1: Typical Feedback Loop Application

Trip Generation

Initial Zone-to-Zone

Travel Times Trip Distribution

Mode Choice W Stable Yes

Travel
Times?

Time-of-Day

Zone-to-Zone

Trip Assignment Travel Times

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

Travel Demand Model Validation

To ensure the accuracy of the travel demand model, the highway assignments were validated
using several widely used measures.

e Vehicle Miles Traveled (VMT);

e  Comparisons of modeled volumes to observed traffic counts using screenlines: six
screenlines were defined; and

e Percent Root Mean Squared error (% RMSE) (more details in DATA AVAILABLE FOR LRTP
BY SOURCE).

2045 Scope for Traffic Assignment
For the 2045 model the highway assignment considered:

o Include GEH estimates during the model calibration;

e [f travel time data available, include travel time validation along major corridors;

e Update/revise modeling parameters such as VOT, VOC, BPR curves alpha and beta, and
others;

e  Revisit VDF curves during model calibration; and

& @B i TR
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e If travel data available, review the definitions of link free-flow speed based upon the
speed overnight.

EXISTING CONDITIONS ASSESSMENT

The 2045 LRTP was developed under a new local context that is affected by the existing economic
situation and the effect on local mobility and socioeconomic trends after Hurricane Maria:

e |n 2016, the Financial Oversight and Management Board for Puerto Rico was created
under the Puerto Rico Oversight, Management and Economic Stability Act. The Board
consists of seven members appointed by the President of the United States and one ex
officio member designated by the Governor of Puerto Rico. The Board is tasked with
working with the people and Government of Puerto Rico to create the necessary
foundation for economic growth and to restore opportunity to the people of Puerto
Rico. The PRHTA was required to issue a Fiscal Plan for the approval of the Oversight
Board by end of 2017.

e The 2045 LRTP based its short-term projections, capital improvement plan and funding
assumptions on the approved Fiscal Plan.

e Hurricane Maria affected Puerto Rico September 20, 2017. This powerful Category 4
hurricane with 150 mph winds bisected the entire island having catastrophic effects on
the entire Island. The PRHTA has prepared an inventory of the effect on the
transportation infrastructure as shown in Figure A.3.

In terms of the transportation network there were not many projects that were not already part
of the existing conditions presented in the original 2010 base model:

e  The team reviewed the main roadway network model and no major changes were
logged; only two roadway improvements that have been completed since the last model
version (2010) were identified and coded into the 2016 highway network (refer to
Chapter 5; and

e  The bus transit network was updated considering new routes of state bus network
(AMA) and the major municipalities bus services.

The conditions after the hurricane did not allow for traffic counts and surveys to be undertaken as

part of this plan — alternatively, the team used existing data from 2015-2016 as the base scenario
for the plan updated using the projections from the fiscal plan.

& @B i TR
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Figure A.1: Effects of Hurricane Maria
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GLOBAL INFORMATION SYSTEM (GIS) DATABASE

This section reviews the GIS Database used for the 2045 LRTP, as well as other databases
received and available for this project.

Geospatial Database

The geographic data in the GIS Database are stored as both shapefiles and as a geodatabase
and are grouped into the following categories: Buildings and Infrastructure (which include
electricity network, water distribution network, along with building footprints and locations),
Demography, Education, Health, Land Use, Permits and Transportation Infrastructure. Each
shapefile and its contents will be summarized below by name (e.g. AEP Infrastructure,
Diagnostic and Treatment Center (CDT), Centers 330, etc.).

1. Buildings and Infrastructure

e  Government Centers: includes the latitude and longitude location of 58 buildings
maintained by the Public Buildings Authority (Autoridad de Edificios Publicos, AEP); at
the municipality level it includes: government centers, specific offices such as the
prosecutor’s office in Rio Grande, maintenance buildings, the Mayor’s Office, the
Puerto Rico Lottery building, and the Juan C. Cordero Davila Building are included,;
and

e  AEP Infrastructure: includes an additional 472 infrastructure buildings maintained by
the Public Buildings Authority (AEP); it contains public infrastructure on schools,
police and fire stations, judicial centers, hospitals and clinics, prisons, and various
office centers. For each building, its latitude and longitude location, address,
corresponding municipality, and square footage are included.

2. Education
e Schools: includes 1,292 schools under the Puerto Rico Department of Education, all
of which are open for the 2016-2017 year. Each school is defined by its name,
latitude and longitude location, along with its corresponding district, municipality,
and region.

3. Health

e  CDT:includes 134 CDT Hospitals, as well as the ownership status for each hospital:
state government owned, municipality government owned, Private-For-Profit by
individual or corporation, and Private-Non-Profit. Additionally. Each CDT Hospital is
defined by its name, latitude and longitude location, address, and corresponding
region and municipality;

e  Centers 330: includes 40 health centers, which make up the Centers 330 Association.
Center specific information includes the ownership status for each hospital: state
government owned, municipality government owned, Private-For-Profit by individual
or corporation, and Private-Non-Profit. Additionally, each center is defined by name,
owning corporation, address, municipality, and latitude and longitude location; and

e Hospitals: outlines 66 Hospitals based on their classification as public or private, the
services they provide such as morgue and autopsy service, number of licensed
professional employees, and the names of management heads. Additionally,
telephone and fax contact information are provided along with hospital name,
latitude longitude location, and corresponding barrio and municipality.
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4. Land Use
e  Puerto Rico Land Use (PUT_PR): outlines all land in Puerto Rico and its current or

designated use (i.e. bodies of water, non-developable land/rustic land based on soil
classification, non-developable land protected for agricultural reasons, non-
developable land protected for ecological reasons, non-developable land protected
for hydrology reasons, non-developable land protected for landscape reasons,
developable un-used land, urban land, and land used for road systems); each parcel
is defined by length and area.

5. Permits

e  Permits USO — Sip and SuperSip: two shapefiles that combine include 30,143 permits
issued, canceled, or archived by the Office of Permit Management (Oficina de
Gerencia de Permisos, OGP) between 2012 and 2015. Details about each permit
include the address of the site in question, corresponding municipality, and a name
description of the business/apartment/other in question. Additional information
includes the name and contact information of the permit holder, public or private
status, and location status being urban or rural; and

e  Consultas_JP: compiles 1,065 queries occurring between 2012 and 2017 with its
corresponding status (i.e. resolved and archived, pending, resolved and approved,
resolved and denied, and various other statuses). Additional information includes
date, corresponding municipality and barrio, name of query participant, and a short
description of the query.

6. Transportation Infrastructure

e  Paradas_Américo_Miranda_RedConecta: maps out the Américo Miranda Avenue
route from the trolley system of Red Conecta into 39 distinct points;

e Terminales_ACT: includes the location of transit terminals owned by the PRHTA
including Publico terminals and bus/rail terminals;

e Plazas_Peaje: includes 24 toll plazas located in Puerto Rico along PR-5, PR-17, PR-20,
PR-22, PR-52, PR-53, and PR-66;

e  Rutas_Carros_Publicos: This shapefile breaks out the Publico system into 3,266
segments across the island; each segment is defined by its road name, corresponding
municipality, and distance;

e AMA Paradas_Autobuses 2015: outlines all 1,201 stops across the Metropolitan
Area of San Juan, as of 2015;

e AMA_Rutas_Autobuses_2015: includes the polyline structures displaying the AMA
bus routes through the 1,201 San Juan bus stops, broken into 44 segments;

e Tren_Urbano_Stations: contains point structures for the 16 Tren Urbano stations, as
well as all intermediate stops between Bayamon, Guaynabo, and San Juan;

e Tren_Urbano: includes the polyline structure displaying the Tren Urbano route
through all 16 stations;

e Stops_Red_Conecta: This shapefile contains point structures for all Red Conecta
trolley stops across San Juan;

e Red_Conecta_SJ: This shapefile includes polyline structures displaying the Red
Conecta routes through their corresponding stops as seen in shapefile
“Stops_Red_Conecta”;

e SITRAS_Ponce: includes a single polyline structure that displays the SITRAS (Southern
Integrated Transportation System / Sistema Integrado de Transportacion del Sur)
route in Ponce;
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e  SITRAC_Carolina: includes a single polyline structure displaying SITRAC route in
Carolina. Terminales_Lancha_Metro: contains point structures for the ferry system
between the Old San Juan Pier and the Maritime Transportation Authority in Catafo;
and

e San_Juan_Catafio_Ferry Route: includes the polyline structure displaying the ferry
route between the Maritime Transportation Authority in Catafo to the Old San Juan
Pier.

Section below shows details regarding missing shapefiles.

DATA AVAILABLE FOR LRTP BY SOURCE
Client Folder

I. 2045 LRTP

1. 2040 Data2017

e  2040LRTP-Documentation-pdf

PR_LRTP_Model_Documents
Task 3.2.1 - Trip Generation
Task 3.2.2 - Trip Distribution
Task 3.2.3 - Mode Choice
Task 3.2.4 - Time of Day
Task 3.2.5 — Assignment
Task 3.2.6 - Feedback Loop
Task 3.2.7 — Trucks
Task 3.2.8 - Delta Matrix
Task 3.2.9 — Transit
Task 3.3 - Software Model Platform
Task 3.4 - Model Design
Task 4.1 - Traffic Counts
Task 4.2 - Travel Time Survey
Task 4.3 - Transit Usage
Task 4.6.1 - Household Survey
Task 4.6.1 - Household-English
Task 4.6.1 - Household-Spanish
Task 4.6.1 - PR Household Survey Pilot Test Summary
Task 4.6.1 - Travel Diary_English
Task 4.6.1 - Travel Diary_Spanish
Task 4.6.1 -Vehicle Information Sheet_English
Task 4.6.1 -Vehicle Information Sheet_Spanish
Task 4.6.2 - On Board Pilot Summary and Final Sampling Plan
Task 4.6.2 - On Board Transit Survey_BUS
Task 4.6.2 - On Board Transit Survey_PUBLICOS
Task 4.6.2 - On Board Transit Survey_Tren Urbano
Task 4.6.2 - OnBoardTransitSurvey_BUS_ENGLISH
Task 4.6.2 - OnBoardTransitSurvey PUBLICO_ENGLISH
Task 4.6.2 - OnBoardTransitSurvey_TREN_ENGLISH
Task 4.6.2.6 - Transit Survey Preliminary Analysis
Task 4.7.1 - Base Year 2010 Socioeconomic Data Development

VVYVVVVVVVVVYVYVVVVYVVVVVVVVVYYVYVVVVYVYYYVYYVY
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Task 4.7.1.1 - SE Household Data TAZ Allocation Procedures
Task 4.7.1.2 - SE Employment Data TAZ Allocation Procedures
Task 5.1 - Traffic Analysis Zone Development
Task 5.2 - Highway Network Development
Task 5.3 - Transit Network Development
Task 5.4.1 - Trip Purposes
Task 5.4.2 - Trip Productions
Task 5.4.3 - Trip Attractions
Task 5.4.4 - Production and Attraction Trip End Balancing
Task 5.4.5 - Special Generator Trip End Estimating
Task 5.5 - Trip Distribution
Task 5.6 - Mode Choice
Task 5.7 - Truck Model Development
Task 5.8 - Time of Day
Task 5.9 - Trip Assignment
Task 5.10 - Validation and Applications
e Data_Deliverables
» HH_Survey
v" HHsurv4: Access Database
v" PR_HH_ Final_Report_Aug 7
v' TRIP0217
» On_Board_Transit
v" Backup of
PR_Transit TRANSITALLFORMS_SUBMITTEDTOATKINS OCT25
_expand
v" Final Task 4 6.2.6 - Transit Survey TWP
v PR_Transit_TRANSITALLFORMS_SUBMITTEDTOATKINS_OCT25
_expand
» Traffic_Knts
v Counts
0 Batch 11-24-2012
=  Formatted
¢ 39 Excel Files
= 60 Excel files
0 Batch 2 1-29-2012
=  Formatted
«» 29 Excel Files
= 35 Excel files
O Batch31-1-2012
=  Formatted
«» 18 Excel Files
= 25 Excel files
= PR40-50
«» 25 Excel Files
0 Batch 4 2-1-2012
=  Formatted

** 9 Excel Files
= 13 Excel files

VVVVVYVYVVVVYVYYVYYVYYY
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0 Batch 52-1-2012
=  Formatted
¢+ 10 Excel Files
= 16 Excel files
0 Batch 6 2-1-2012
=  Formatted
8 Excel Files
= 12 Excel files
0 Batch 72-1-2012
=  Formatted
%+ 3 Excel Files
= 7 Excel files
O Batch 8 2-1-2012
=  Formatted
% 17 Excel Files
= 19 Excel files
0 Batch 9 2-7-2012
=  Formatted
2 Excel Files
= 15 Excel files
v" Map_Index
Map_index
Map1
Map2
Map3
Map4
Map5
Map6
Map7
Map8
Map9
Map10
Map11
Map12
Map13
Map14
Map15
Map16
Vclassmaplis
0 Vehclass_locs_all
v" Count Summary 2-3-2012
v" Count Summary Check
v Task 4.1 - Traffic Counts Working Paper-Revised 2102012
» Travel _Time
v Final Task 4 2 1 - Travel Time Survey Results Working Paper jjp
v" PR_segment: Access Data Base
e Satour-Tren Liviano San Juan
» DIA Satour-Tren Liviano San Juan

O O0OO0O0OO0O0OO0OO0OO0OO0O0OO0OO0OO0OO0OO0OOoOOo
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DIA Satour-Tren Liviano San Juan-Indice
DIA Satour-Tren Liviano San Juan-Portada
EIS Satour- (Eng) Ch. 1
EIS Satour- (Eng) Ch. 2
EIS Satour- (Eng) Ch. 3
EIS Satour- (Eng) Ch. 5
EIS Satour- (Eng) Ch. 6
EIS Satour- (Eng) Ch. 7
EIS Satour- (Esp) Ch. 3
EIS Satour- (Esp) Ch. 4
EIS Satour-Tren Liviano San Juan (Eng) Ex. Summ
2. Highway Performance Monitoring System-HPMS
e HPMS2013
e HPMS2014
e HPMS2015
e HPMS-DailyTRavelReport2013-2016
e 2013 FUNCTIONAL_CLASSIFICATION_MANUAL
e fhwa_all public_road_geospatial_representative_study
e FHWA-arnold_reference_manual_2014
3. pr-Island-wide-Irtp-final-dec-2013

YVVVVVVYVYVYYVYY

I. CIP
Copia de CIP_JUNIO_ 2017
Copia de CIP_JUNIO_2017F

.  GIS
e STATE ROADS
> PRDOT_STATE_ROADS_LRS_DEC_2017

V. Heavy
e 2017 Metropolitan Planning Organization Assessment_Puerto Rico MPO
e Task 5.7 - Truck Model Development

V. Hurricane Effects
e PRDOT_HURRICANE_MARIA_EVENTS_NOV_14_2017
e SHP

Closed Locations

Closed Segments

Fully Open Segments

Partially Open Locations

Partially Open Segments

Possible Vertical Obstructions

Puentes Cerrados La Fuente

YVVVVVYY

VI. Modelo 2040 LRTP-2017
Cube Model

VII. Plan de Transportacion a Largo Plazo 2040
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e Borrador agosto 2013 LRTP
» Comentarios y presentacion

v' 14 photos

v" Plan 2040 Capitulo 6
Fotos afiches taller

v' 14 photos
APPENDIX Island-wide LRTP-June-2013
Appendix_SAN JUAN_Final (3)
Carta DTOP Long Range
Comentarios OPOT Long Range Ago 2013
Comentarios_LRTP_MSJ
Plan 2040 Capitulo 6
Plan de Transportacion Cap. 5y 7
PR_Island-wide-6-30-2013-D
San Juan LRTP comentarios
San Juan TMA 5 2013 highlight
San Juan TMA Main Report (May 2013)-2 draft
enmendado Octubre 2013
Appendixsanjuantma
plandeparticipacionesp-2
prirtpsanjuantmaoct2013amended
tip-2014-2017-sanjuan
tipmetropolitanfhwa20142017
e Final Report
5 TPR LRTP Main Report 093013
Appendix AGUADILLA TMA Final 093013
Appendix SAN JUAN TMA Final 093013
Five TPR Appendix Final Sept 2013 (1)
PR LRTP Aguadilla TMA Sept 2013 091613 (1)
PR LRTP San Juan TMA Sept 2013 091613 (1)
12-4850 MPO Tercera reunidon comité técnico
2015-july29-publicinvolvementplan
20120403104414202
20120912153648555
FHWA_COMPONENT_AMENDED_2010-2013
FTA- tabla de grants (modificada)
INVITACION Taller informativo espafiol 6 11 12
JANUARY_2011_FINAL_SJUA_2030_LRTP_Feb4_2011
Plan_Participacion_Ciudadana_para_PTLP2040
e  PRLRTP_2040-Public_Meetings_El_Nuevo_Dia_(May_1-3-2012)
e Proyectos TIP San Juan
e Public_Involvement_Plan_for LRTP2040
e STIP_2010-2013_FTA_FHWA_100824
e TIP SANJUAN 2011-2014 100630
e UPWP 2010-2011 FINAL _100630

YVVVVYVVYVYYVYY A\

e Fina

YVVVVYVY

YVVVVYVYY

VIIl.  STIP
e 2017-2020tipsanjuan-amendment_2-augl5
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cambiosstip2017-2020amendment2all
copy-of-2017-05-tip-2017-2020-amendment-1-added-projects-(004)
tipaguadillaaugust152017

e tipuzaaugust152017

IX. Transit demand
e First Transit-Resumen patrocinio, horas, millaje- Tres sistemas-FY2017

X. UPWP
e upwp_2018 2019 approved_september2017

Other Consultants
I.  VAGTEG Counts (Dropbox Download)
e 2016-11

» 16STP109: the next structure files apply to the folders 2016-11 and
2016-12

v' 16STP109 FIELD DATA FORMS
16STP109 FINAL

16STP109 FINAL

16STP109 NB CLASS
16STP109 NB VOLUME SPEED
16STP109 SB CLASS

16STP109 SB VOLUME SPEED
16STP109_NB
16STP109_NB.tvp

SN N N N N N SN

16STP109_SB

\

16STP109_SB.tvp
16STP110

16STP111 (VOLUME ONLY)
16STP130

16STP131

16STP132

16STP133

16STP135

16STP193

YV V. V V VYV ¥V V V V

16STP194
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165TP196
16STP197
165TP198
165TP199
165TP200
165TP201
165TP202
165TP210
165TP211
16STP212 (VOLUME ONLY)
165TP217
165TP219
165TP341
165TP342
165TP410
165TP411
165TP412
165TP413

@ ¥V V V V V V Y V V V V VYV V V V V VYV V

°
N
o
=
[REY
N

16STP113
165TP114
16STP115
165TP204
16STP205
16STP206
16STP207
16STP220
16STP221
16STP226
16STP229
16STP340

YV V V V V V V V V V VYV VY V

16STP361
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16STP416
16STP421

YV V V

165TP422
» 16STP423
e 2017-01

» 17NHS252: The following structure applies to folders 17STP208 and
17STP213

v" 17NHS252 FIELD FORMS
17NHS252 FINAL

17NHS252 FINAL
17NHS252_EB CLASS
17NHS252_EB VOLUME SPEED
17NHS252_EB
17NHS252_EB.tvp
17NHS252_WB CLASS
17NHS252_WB VOLUME SPEED

S N N N N N N N

17NHS252_WB
v' 17NHS252_WB.tvp

> 17STP208

> 17STP213

Other Organization
. ATI
e Infraestructura de Transporte
» Paradas Autobuses 2015
» Rutas Autobuses 2015
» Terminales Lancha Metro
>

Tren Urbano

e GISDATA
» Map Documents

v" Shapefiles_JP
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» Shapefiles

v CDT
Centros 330
Centros de Gobierno AEP
Consultas JP
Escuelas 2017
Hospitales
Infraestructura AEP
Permisos de Uso
Plazas de Peajes

PUT_PR

N NN N N N N R NN

Rutas Carros Publicos

<

Terminales ACT
Socioeconomic Forecast Used In 2040 LRTP
This section briefly outlines the approaches and methods used for the 2040 LRTP.

Population and Households

e  Population was evaluated at the municipality level, including an evaluation of birth and
death rates, as well as migration trends. A simple trend was computed for each
municipality to forecast future population, which was then used to guide migration and
age analyses. Cohort methodology was used at the MPO level to estimate age groups.

e Households were estimated using a forecast of persons per household in conjunction with
the population forecasts. The persons per household forecasts were based off United
States national trends.

e The population and household trends at the municipality level were disaggregated to the
TAZ level using 2010 Census data and GIS methods.

Employment

e Employment forecasts were developed using a compilation of data sources. Employment
data used in the model represents total employees by place of work.

e Household surveys that inquire how many people in a household are employed refer to
total employees by home location. 2040 LRTP compiled datasets (see Table A.8) that
considered both types of employment figures.

e Linear trends were developed for Puerto Rico employment as a control total.

e  MPO-level employment was forecasted using logarithmic trends. Shares of municipality
employment in each MPO were assumed to be unchanging, meaning 2010 shares of
municipality employment were applied to the MPO forecasts to get municipality-level
employment forecasts.

e To disaggregate municipality employment to the TAZ level, National Land Cover Database
(NCLD) and Puerto Rico Highway and Transportation Authority (PRHTA) land use data
were used with a GIS process. This step also allowed for a breakdown of total
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employment into the five employment categories: retail, service, manufacturing,
government, and other.

Table A.8: Summary of Base Year Data and Sources

[ variable | Sources | Geography
Population and Households Census 2010 Census block level

American Community Survey 5-
year data (2005-2009)
Income If median income not available in Census tract level
ACS, the median income for the
municipality was assumed
Public Use Micro Sample (PUMS)
for PR
° Puerto Rico Dept of Labor
° 2000 Census Journey-to-Work
° BLS Data (ES 202)
Employment ° Dun and Bradstreet Database PR Total — Parcel Level
° National Land Cover Database
(NLCD) from ArcGIS Online
° Land use data from PRHTA
° Puerto Rico Department of
Education
° ESRI — National Center for
Education
° Middle States Association of
Colleges and Schools
° National Center for
Educations Statistics

IPF Seed Household Distribution

School Enrollment

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

School Enrollment

e School enrollment data also involved a compilation of data sources, as can be seen in
Table A.8. Forecasts for school enroliment (5-14 years old) were based on changes in
population by age group at the municipality level. Forecasts for university employment
(15-24 years old) were based on changes in population by age group at the Puerto Rico
level. Locations and numbers of schools were assumed to be constant.

Trip Generation

This section describes the trip generation component of the 2040 LRTP travel demand model,
including the data sources, general process, and SDG’s ability to update in the time available
for the 2045 LRTP modeling update project.

Data Sources
The inputs to the trip generation component of the 2040 LRTP travel demand model include:

e 2010 Census Data;

e National Land Cover Database (NLCD);

e American FactFinder Public Use Microsample (PUMS) data; and
e 2011 Puerto Rico Household Travel Survey (HHTS).

Block Level 2010 Census Data and NLCD Data

The 2010 census data is collected at the census block level and aggregated into the PR model
TAZs using GIS processes. The less-precise NLCD data is processed similarly, with a series of

Final Report December 2018 | 31



APPENDIX A REVIEW RESULTS, DATA REQUIREMENTS AND MODEL FINDINGS

parameters that allocate NLCD land use types and densities into jobs by sector. The data were
supplemented by GIS data of retail centers throughout Puerto Rico to ensure a certain level of
accuracy. The parameters are calibrated to municipality-wide and island-wide job numbers.

The GIS processing of the Census and NLCD data produced a database of the 4,296 TAZs in the
model, with the following information for each TAZ:

e  Population;

e Number of Households;

e Employment by Category (Retail, Service, Manufacturing, Government, Other);
e Average Household Income (from ACS data at the tract level);

e Number of K-12 Students (age 5-17); and

e Number of College Students.

American FactFinder PUMS Data

The PUMS Data included a sample of households, with detailed information that affects trips
generated by the household. This information supplemented the census data by the additional
detail it contains about each household. It is not sufficient to replace the census data,
however, because it is a sample, and thus unable to provide total numbers of households or
population in each TAZ of the model.

The PUMS data used in the current PR model includes about 37,000 households. The following
information is part of the PUMS data:

e Sample Weight;

e Household Size;

e Household Income;

e  Number of Workers;

e Number of Students;

e Number of Seniors;

e Number of Children; and
e Number of Vehicles.

2011 Household Travel Survey

The 2011 Household Travel Survey provided data which was used to develop household trip
production models, estimated with statistical linear regression techniques.

General Process

The end-product of the 2040 LRTP model trip generation component is a table of productions
and attractions by trip purpose for each TAZ in the model. The trip purposes include:

e Home based work (HBW), disaggregated into three income groups;

Home based retail (HBR);

Home based school (HBS);

e Home based university (HBU);

e Home based other (HBO);

e Non-home based (NHB); and

e  Truck, split into three truck types, and identical production and attraction models.

The attraction and truck models are primarily derived from external sources and publications,
applied directly to TAZ-level variables, discussed further in the Trip Generation Statistical
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Models section. The production models, however, used variables at the individual household
level, and therefore require a two-step process, as discussed immediately below.

Production Models Step 1: Population Synthesizer

Most traditional trip-based travel demand models have trip production equations that relate
only to average household characteristics within each TAZ. However, many models are moving
towards “population synthesizers” which depend on a series of household characteristics not
readily available at the individual household level. The 2040 LRTP model used this population
synthesizer method. To generate the information necessary for each household’s productions
to be estimated, the households in each TAZ must be disaggregated into household “types”,
defined by

e Household Size (1, 2, 3 or 4+);

e Household Income Group (low, medium or high);
e Number of workers (1, 2, 3 or 4+);

e Number of children (1, 2, 3 or 4+); and

e Number of non-working seniors (none or 1+).

This results in 384 (4 x 3 x 4 x 4 x 2) different household types, though in reality, not all of
them will be possible; for example, it is not possible for a household of size 1 to have 3
children.

The population synthesizer performs the following steps:

e Totals for each type are tabulated from the PUMS data;

e Marginal distributions of each type characteristic are determined for each of the PR
model’s 4,296 TAZ;

e Each TAZ's households are disaggregated into the types by iterative proportional fitting
(IPF), a mathematical technique which fits the PUMS totals by type to the TAZ marginal
distributions; and

e Each TAZ's households of each type are further segmented into auto ownership bins.

Production Models Step 2: Calculating each TAZ’s productions

Once each TAZ has been segmented into households of each type, the production equations
can be applied. The variables used in the production model are shown in Table A.9, taken
from the model documentation.

Table A.9: Trip Production Variables

Variable Name
TOTAL Num’ber of households in TAZ for that particular ‘characteristic- 0123, 4,.
type’.
WORKERS !\lumber of vYorkers’m TAZ for household of that particular 0,1,2,3+
characteristic-type’.
Binary flag indicating if the ‘characteristic-type’ is a 1-worker 0: No
WORK1
household. 1: Yes
Binary flag indicating if the ‘characteristic-type’ is a 2-worker 0: No
WORK?2
household. 1: Yes
Binary flag indicating if the ‘characteristic-type’ is a 3+-worker 0: No
WORK3
household. 1: Yes
1: Low Income
INCGRP Income group for that particular household ‘characteristic-type’. 2: Middle Income
3: High Income
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Variable Name
AUTOSPERHH L\:/L;)r;ber of autos per household ration for particular ‘characteristic- 0-9.99
SENIORS Binary flag indicating if the household ‘characteristic-type’ denotes 0: No
the presence of an adult aged 65 or higher. 1:Yes
CHILDFLAG Binary flag indicating if the household ‘characteristic-type’ denotes  0: No
the presence of a child aged 5-17. 1: Yes

Number of non-working adults in TAZ for household of that

NWADULTS X \ . \ 0,1,2,3,4+
particular ‘characteristic-type’.

ADULTS [\lumber of a_dults |r) TAZ for household of that particular 01234+
characteristic-type’.

CHILDREN !\lumber of ch|ldren’|n TAZ for household of that particular 0,1,2,3+
characteristic-type’.

COLLEGEACC Relative accessibility index (for each TAZ) to colleges and 0.1-99.99

universities.

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

For each of the 384 household types, the values of these are directly implied, e.g. a household
with two workers and two children aged 14 and 11 and high income will have:

e WORKERS = 2;

e WORK1=0;
e WORK2=1;
e WORK3=0;
e INCGRP=3;

e SENIORS =0;

e CHILDFLAG =1;
e NWADULTS = 0;
e ADULTS=2;and
e CHILDREN = 2.

Note the presence of the AUTOSPERHH variable; this is derived by applying the auto
ownership model to each household type within the TAZ and weighing the overall TAZ by its
household type distribution. Each of the 384 types is assigned a probability of having 0, 1, 2 or
3+ autos, based on a logit model estimated from the PUMS data.

Note also the presence of a college accessibility variable; this is calculated from the network
skims and the socioeconomic data which indicated which TAZs contain college.

Trip Distribution

Trip Distribution Step 1: Calculate Generalized Impedance for each Zone Pair

The trip distribution is largely relied on the generalized impedance of auto trips but it also
considers the generalized impedance of transit and non-motorized trips. The generalized
impedance function converts all measures into equivalent minutes, including operating costs,
tolls, transit fares, and walk distance.

e Generalized Impedance (Minutes) of Person Trips During Peak and Off-Peak:

GCPerson = mm(GCAutor GCWalk—to—transitr GCDrive—to—transitr GCNon—motorized);

Where:
- GChyto = (]ourney Timeyyt, + Distance X VOCyyro X % x 0.1+
Auto
Toll x —=—);
VOT guto
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- GCwalk-to—transit = (]ourney Timer qnsic + Fare X vor );
Auto

- GCprive—to-transit = (]Ourney Timerygnsic + Fare X ); and

Auto

60
- GCynpn— ied = (Walk Distance X —)
Non—motorized Speedwalk

e Generalized Impedance of Truck Trips (Minutes):
GCryyck = (Journey Timeryycx)

The trip distribution model calculated the shortest “travel impedance” among all travel modes
(drive, walk-to-transit, drive-to-transit, and walk) as generalized impedance for person trips in
peak and off-peak, respectively. Varied by trip purpose, the model selected the impedance
from peak or off-peak period. The work and school trips utilized the peak impedance, while
the shopping, university, other and non-home-based trips choose the off-peak impedance.
The commercial vehicle trips and truck trips used the off-peak door-to-door highway time as
generalized impedance.

Trip Distribution Step 2: Calculate the Friction Factors by Trip Purpose

The trip length frequency distribution factor (friction factor) is one of the key components to
the gravity model. It is a function of time/cost between production and attraction and
represented the reluctance of persons to make trips of various duration. The friction factors of
the person trips are computed using an exponential function.

FF=C x e®xT
Where:
C — constant (100000)
6 — calibrated friction factor parameters
T — generalized impedance by trip purpose

The parameters in this function were developed from the 2011 Puerto Rico household survey
by trip purpose, presented in Table A.10. Between the 2011 survey and now, the travel
pattern in the island would have been changed. However, due to the delayed starting of the
new household survey and the tight project deadline, we are not able to incorporate the new
survey results into the trip distribution.

Table A.10: Calibrated Friction Factor Parameters in Gravity Model

. Calibration
Trip Purpose
parameter

HBW1 (low Income) (0.064)
HBW2 (Medium Income) (0.048)
HBW?3 (High Income) (0.040)
HBO (0.072)
HBR (0.104)
HBS (0.136)
HBU (0.043)
NHB (0.075)

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation
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Mode Choice

Mode Choice Step 1: Calculate Utilities for Each Mode

Utilities for each mode are calculated for each trip purpose. For the mode choice step, the
eight trip purposes are simplified into the following trip purposes

e Home based work — low, medium, and high income;
e Home based other; and
e Non-home based.

That is, for the mode choice model, the home-based retail, school, university, and other all
have the same utility calculation.

For each mode, the utility function has the following variables and coefficients which vary by
each trip purpose. These are listed below.

e In-vehicle time, including a factor for premium transit services;
e  Qut-of-vehicle time;

e Fare and car costs, including car access to transit;

e Transfer penalty, both car to transit and transit to transit; and
e Nesting coefficients.

The utility for each mode and purpose is calculated for each origin-destination pair.

Note that skims from different time periods were used depending on the trip purpose. The
time period used for each purpose is shown in the Table A.11.

Table A.11: Time Periods for Each Trip Purpose

Home Based Work Peak
Home Based Other Off-peak
Non-Home Based Off-peak

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

Mode Choice Step 2: Calculate Mode Choice Split for Each Mode

Each utility is used in a nested logit model to calculate the mode share for each trip purpose.
Before being input into the mode choice model each utility has a bias factor, or alternate
specific constant, applied so that the results better match observed mode splits. These bias
factors are applied as a constant factor to each origin-destination pair.

From this stage mode share matrices are created for each purpose and mode.

Mode Choice Step 3: Calculate Total Trips for Each Mode

The mode share matrices are multiplied by the relevant PA matrices from the Distribution
stage of the model to produce trip matrices for each mode and purpose. Note that the home
based other mode share matrix is multiplied by all four of the home based other modes to
produce trip matrices by mode for retail, school, university, and other home-based trips.

As a final step, the shared ride trip matrices are divided by the occupancy factors to produce
vehicle trip matrices for use in the highway assignment.
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Time of Day
General Procedure

The 2040 LRTP travel demand model uses the following guidelines for the time of day
modeling procedures:

e Use a fixed factor methodology for time of day estimating;

e Place the time of day process between mode choice and traffic assignment;

e Use four-time periods to differentiate individuals’ time of day behavior; and

e Peak spreading is not used in the modeling process because individuals’ time of day
decisions are expected to be relatively stable over time.

The time of day factors are applied to all vehicle trip tables used in the traffic assignment
procedure, by trip purpose. The 2040 LRTP travel demand model includes six trip tables:

e Single Occupant Vehicles (SOV);

e Two Person Shared Ride Vehicles (SR2);

e Three-or-more Person Shared Ride Vehicles (SR3);
e  Commercial Vehicles (COM);

e  Medium Trucks (MTRK); and

e  Heavy Trucks (HTRK).

Time-of-day factors that were applied to auto trip tables were computed by model trip
purpose to account for the variability of trip departure times that are inherently associated
with an individual’s reason for making a trip. The trip purposes are:

e HBW - Home Based Work;

e HBO - Home Based Other;

e HBR - Home Based Retail or Shop;
e HBS - Home Based School;

e HBU - Home Based University; and
e NHB - Non-Home Based.

The truck time of day model used is a fairly simple application of a set of fixed factors that split
the daily commercial (COM), medium (MTRK), and heavy trucks (HTRK) into the same four-
time periods as household vehicle trips were split. Using four-time periods and truck type
breakdown is a conventional practice, consistent with most four-step models. The trip
fractions were developed by examining data from other models and were adjusted based on
comparison of the estimated MTRK and HTRK period volumes to a limited set of hourly
MTRK/HTRK counts taken on Puerto Rico highway facilities in 2011-2012.

Truck Model Development
Truck Trip Generation

Daily truck trips are estimated separately by purpose (COM, MTRK, HTRK) and use the
convention that zonal productions are set equal to zonal attractions.

The independent variables are the basic set of 2010 zonal variables: population, households,
retail employment, service employment, manufacturing employment, government
employment, other employment, acres, income, school enrollment, and college/university
enrollment. In addition, one new variable was created: truck zones. This is a binary (0/1)
variable that identifies whether a zone contains land uses that appear likely to generate a
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higher-than-average number of truck trips per employee. This includes truck stops,
warehouses, transfer terminals, ports, and concentrations of manufacturing or industrial
buildings.

The development of trip end equations is based on similar equations documented in the travel
literature and developed for other areas. The final equations are presented in Table A.12.

Table A.12: Truck Model Trip Generation Equations

Area Type Adjustment Factors (ATFAC)

Vehicle Type Area Type

(0.42 x retemp + (0.28 x svcemp + govemp) +
0.35 x mfgemp + 0.12 x otheremp + 0.20 x hh) * 10 10 10 10 1.0 10 1.0
ATFAC

Commercial
Vehicles

(0.187 x retemp + (0.05 x svcemp + govemp) +
Medium Trucks 0.15 x mfgemp + 0.009 x otheremp +0.069 xhh) 0.7 0.7 11 1.1 12 0.7 0.7
* ATFAC

(0.11 x retemp + 0.015 x svcemp + 0.01 x
Heavy Trucks govemp) + 0.10 x mfgemp + 0.12 x otheremp + 0.7 07 13 13 13 0.7 0.7
0.20 x hh) * ATFAC

Variables:

mfgemp = Manufacturing Employment
retemp = Retail Employment

svcemp = Service Employment
otheremp = Other Employment

govemp = Government Employment

hh = Households

ATFAC = Area Type Adjustment Factor

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

Truck Trip Distribution

Trips are distributed in a conventional manner, using a gravity model as described in Section 0
TRIP DISTRIBUTION. Model parameters are presented in Table A.13.
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Table A.13: Trip Distribution Results

Commercial Trucks Medium Trucks Heavy Trucks

100,000 100,000 100,000
b (0.127) (0.0007) 0
g (0.116) (0.0677) (0.0553)
Target Avpjrage Trip 224 38 373
Length (minutes)
Estlmated_Average Trip 225 328 372
Length (minutes)
Percent Difference 0.45% 0.0% (0.27%)

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

Truck Trip Assignment

e Passenger Car Equivalent (PCEs): assumed values medium trucks is 1.5 and for heavy
trucks is 2.

e  Truck Value of Time (VOT): The assignment process determined the “best” path for each
origin/destination (O/D) pair by minimizing the impedance between the O/D zone pairs.
This impedance is a weighted average of time, toll, and distance, with the result expressed
in dollars. The toll component is simply the value of the toll itself; time was converted to
monetary terms by multiplying it by the assumed VOT in dollars per minute. For both
types of trucks (MTRK and HTRK), this value was assumed to be 0.350 ($21.00/hour). This
number accounts for the value of the driver’s time and the time value of the cargo and is
slightly lower than similar values used in other studies. Distance is converted to monetary
terms by multiplying it by the incremental cost of operating the vehicle; i.e., the cost of
fuel per mile, calculated as 0.5833 $/mi (this assumes $3.50/gallon and 6 miles/gallon).

e Truck Tolls: Trucks pay a higher rate of toll on all existing toll facilities. In general, 3-axle
vehicles (assumed to represent MTRK) pay about 2.3 times the auto toll and 6-axle
vehicles (assumed to represent HTRK) pay about 3.8 times the auto toll. A single weighted
average was needed (and only the auto toll was coded in the network), so for path choice
purposes, truck tolls are all calculated as the auto toll multiplied by 2.69.

e  Truck Prohibitions: The 2010 network has no special provisions for trucks. They are not
restricted on any links and there are no truck-only links. However, the network coding and
assignment procedure provide for both such options in the future, with the USE field. If
USE is coded as 4, both MTRK and HTRK will not be allowed to use that link. If USE is
coded as 5, only MTRK and HTRK will be allowed to use that link (no autos). Generally,
such usage restrictions will be in effect all day, but with a slight adjustment, such
restrictions could be made separately for each time period. Trucks are assumed to be
prohibited from all HOV links.

e  Output Volumes: The assignment procedure builds four sets of paths: 1) single-occupant
vehicles (includes COM), 2) 2-person autos, 3) 3+-person autos, and 4) trucks
(MTRK/HTRK). MTRKs and HTRKs both use path set #4 and the truck types are saved
separately in the output network: MTRK is volume field #5 and HTRK is volume field #6.
Commercial trips are not output separately.

Transit Assignment

The inputs for the network building are outlined below.
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e Highway network: The highway network was required for two reasons. The first reason is
that links for all transit services must be coded into the highway network. The second
reason is that the highway network was used to define the non-transit legs: access,
egress, and transfer.

e Transit lines: Each transit service was defined in terms of the route it takes on the
highway network, along with other attributes such as headway, fare system, and speed.
This is done separately for Premium, Local, and Publico services.

e Transfer legs: The transfer legs, both between transit services and from park-and-ride lots
to transit services are defined explicitly.

e Park and ride access: Trips from origin to park and ride lot are produced by the highway
assignment.

e System file: The system file defines the mode names, mode numbers, along with the
initial and transfer wait curves. The latter are the two key components as they allow the
model to calculate wait times for services based on service headways.

e Fares: Fares for each service are defined. Both fixed and distance based fares are
modelled.

e Factor file: The factor file defines most of the input parameters for the transit assignment.
It defines which wait curves and fair systems are used by which services. It also defines
the transfer penalties, required modes to be used, and any in-vehicle time or non-transit
time factors to be applied.

The above inputs represent the transit network. In order to skim end to end times the non-
transit network also needs to be defined. This is done through a series of GENERATE
statements. There are five GENERATE statements in the Puerto Rico model which are
described briefly below.

e Transfer legs: These are defined explicitly by the user;

e  Walk access legs: Walk access up to 60 minutes is allowed however only the 30 shortest
routes are used;

e  Walk egress legs: Walk egress up to 60 minutes is allowed however only the 30 shortest
routes are used;

e Park and ride access: Drive routes from origin to transit stop are read in from the highway
assignment; and

e Kiss and ride access: Car access up to 30 minutes is allowed however only the 30 shortest
routes are used.

At this point a complete transit and non-transit network was built and so the model is able to
skim the relevant transport attributes for use in the distribution, mode choice, and final transit
assignment.

Final Assignment

The transit network and time period used for each of these assignments is shown in the
following Table A.14.

Final Report December 2018 | 40



APPENDIX A REVIEW RESULTS, DATA REQUIREMENTS AND MODEL FINDINGS

Table A.14: Transit Assignments

Work Premium Premium services only Peak

Work Local Loca.I and Premium Peak
services

Work Publico Publico, Local, and Peak
Premium services

Nonwork Premium Premium services only Off-peak

Nonwork Local Loca.I and Premium Off-peak
services

Nonwork Publico Pblico, Local, and Off-peak

Premium services

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

Highway Assignment
General Process

Model Parameters

e Equilibrium Convergence: equilibrium solutions are found using Cube Voyager’s Bi-
Conjugate Frank-Wolfe algorithm with closure achieved at a relative gap of 0.001.

e Period Capacity Factors: hourly capacities must be converted to an appropriate period
capacity to be consistent with the period demands. Period capacity factors were
calculated to represent both the highest one-hour in each period and the highest two-
hours in each period. Both cases returned the same factors, because there is very little
difference between the highest and second highest hourly shares. Factors are presented

in Table A.15.
Table A.15: Period Capacity Factors
____perod | Hous | CapacityFactors |
AM Peak 2 2
Midday 6 5.8
PM Peak 3 2.9
Night 13 6.2

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

e Path Building: paths are based on highway generalized cost (GC), which is a weighted
average of auto and truck costs. All vehicle classes are assigned to the shortest
generalized cost path, but the “USE” highway network attribute controls whether a
vehicle class can use any specific link, as seen in Table A.16. The GC function takes the
following form:

_ . VOTAuto .
GC = (Time XT+Dlstance X VOCyyto X 0.1+ Toll | x 0.95
%4
+ (Time X 6%”” + Distance X VOCrpyer + Toll X 2.69)
x 0.05
Where

Time: link travel time (minutes)
VOTauto: Auto Value of Time (S/hr)
VOTruek: Truck Value of Time ($/hr)
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Distance: link distance (miles)

VOCauto: Auto Operating Cost (S/mile)
VOCrck: Truck Operating Cost (S$/mile)
Toll: toll cost (S)

Table A.16: Highway Network USE Codes and Vehicle Class Exclusions

1 Transit only links SOV, SR2, SR3, Com, MTKR, HTKR
2 High-Occupancy Vehicles (2+) SOV, Com, MTKR, HTKR

3 High-Occupancy Vehicles (3+) SOV, SR2, Com, MTKR, HTKR

4 No Trucks MTKR, HTKR

5 Trucks Only SOV, SR2, SR3, Com

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

e Value of Time: parameter was based on the median hourly wage rates for Puerto Rico.
The 2010 overall median wage rate for Puerto Rico was $9.42/hour and auto VOT was set
at 76%?3 of the 2010 median rate, or $7.25/hour. The truck VOT is set at 58%* the national
average truck VOT of $36/hour, or $21/hour. Traffic assignments at the toll booth
locations were compared to traffic counts to help calibrate the auto VOT for the
generalized cost assignments, while truck VOT was left unchanged to be consistent with
the truck model development procedure (See section TRUCK MODEL DEVELOPMENT).
Final were set to $12/hour for autos and $21/hour for trucks.

e Vehicle Operating Costs: values based on assumed vehicle fuel efficiencies and average
fuel costs. Values were assumed as 16.25 cents/mile for auto and 58.33 cents/mile for
trucks. The auto VOC is based on an average fuel cost of $3.25/gallon and a fuel efficiency
20mpg, while trucks VOC were based on an average fuel cost of $3.50/gallon and a fuel
efficiency of 6mpg.

e Passenger Car Equivalents (PCE): medium and heavy trucks have a greater impact on
highway capacity than smaller vehicles; medium trucks PCE is equivalent to 1.5, while
heavy trucks PCE is equal to 2.0.

e Volume Delay Function (VDF): functions were developed using the traditional Bureau of
Public Roads (BPR) formulation, with modified alpha (a) and beta (B) coefficients. The BPR
formula is most commonly shown and used in time forms. Separate curves were used for
limited access roads (freeways/toll roads) and other roads. Special beta parameters were
also used when the volume/capacity ratios exceeded one, as seen in Table A.17.

The volume delay function takes the following form:

VAP
T.=Tf % <1+a X (E) )
Where

T. = congested travel time

Tt = free-flow travel time

a, B = alpha and beta coefficients
V = volume in PCE

3 Value set as a weighted average of trip purpose shares and assumed wage rate percent by trip
purpose.

4Value set based on PR’s average wage rate of $9.42/hour relative to the United States median wage
rate of $16.27.
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C = period capacity
Table A.27: BPR Formula VDF Parameters

| Facilities | ______Apha______| __Beta LrcaLy Btz (v/CoLY

Limited access highways 1.78
Other highways and roads 1.50 5.0 4.0

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

A summary of the model parameters is presented in Table A.18.

Table A.38: Traffic Assignment Model Parameters Summary

Parameter Value

L Bi-Conjugate Frank-Wolfe, 0.001
Convergence
AM Peak: 2
. . Midday: 5.8
Period Capacity Factors
PM Peak: 2.9
Night: 6.2

TA'LL to

Vo
GC = (Time X ————+ Distance X VOCyyo X 0.1+ Toll) x 0.95

Path Building

44 TTruck

i X
4F (Tlme 50

X 0.05

+ Distance X VOCrpye, + Toll X 2.69)

VOTauto = $12/hour

Value of Time (VOT)
VOTrrueks = $21/hour

Vehicle Operating Cost VOCauto = 16.25 cents/mile

(voc) VOCrruceks = 58.33 cents/mile
Passenger Car Medium trucks = 1.5
Equivalents (PCE) Heavy trucks = 2.0

Volume Delay Function Limited access & toll roads: alpha = 1.78, beta varies by V/C
(VDF) Other roads: alpha = 1.5, beta varies by V/C

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

Feedback

The 2040 LRTP travel demand model uses a feedback loop to achieve consistency between
input travel times and output congested times. The general procedure is presented in Table
A.l.

The 2040 LRTP travel demand model feedback loop uses the Method of Successive Averages
(MSA), a weighted averaging technique that is most frequently used in feedback loop
weighting method because it has been shown to effectively converge to a stable condition.
MSA progressively places more and more confidence in previously averaged results.

The 2040 LRTP model evaluates the stability of link travel times to determine feedback
closure. Congested link travel times are calculated using MSA averaged volumes within the
assignment BPR VDF curves. If either one of the following closure checks are met, then the
feedback process ends:

e Percent Root Mean Squared Error of Link Travel Times less than 5%; and
e Lessthana0.5% change in %RMSE.
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Closure checks are made for the AM peak period and the Mid-day period, and both periods
must be satisfied to end feedback. Since the AM period is typically more congested, AM
closure checks tend to determine when feedback ends.

Travel Demand Model Validation

e Vehicle Miles Traveled (VMT): target VMT values were obtained from national Highway
Performance Monitoring System (HPMS) reports;

e Comparisons of modeled volumes to observed traffic counts using screenlines: six
screenlines were defined; and

e Percent Root Mean Squared error (% RMSE).

Table A.19 shows the model calibration results, with all screenlines falling within desirable
deviations except 6.

Table A.19: 2045 LRTP Travel Demand Model Calibration Results

Modeled Volume/Count Percent Max. Desirable
Traffic Counts
Volumes Ratio Deviation Deviation
9%

1 375,225 345,402 +/-15%
2 164,408 175,482 0.9 (6%) +/-20%
3 188,697 157,566 1.2 20% +/-21%
4 305,392 345,838 0.9 (12%) +/-15%
5 582,349 586,212 1.0 (1%) +/-13%
6 287,221 241,698 1.2 19% +/- 18%
7 797,838 800,462 1.0 0% +/-11%
Total 2,701,130 2,652,660 1.0 2% +/-7%

Source: Puerto Rico’s 2040 Long Range Multimodal Transportation Plans Model Documentation

Missing Shapefiles
Transportation Infrastructure

Our current GIS Database is missing transportation infrastructure and services in the
municipalities of Ponce and Carolina. Specifically, we need the entire system for:

e SITRAS, Ponce: our database (SITRAS_Ponce) only includes the northeast route; hence, we
need the full network, both polylines and all stops along the routes; and

e SITRAC, Carolina: our database only includes one of the existing lines; we need both
polylines and route stops.
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B APPENDIX B - POPULATION AND
EMPLOYMENT FORECASTING

INTRODUCTION

This memo outlines the preliminary long-range forecasts for population and employment by
region in Puerto Rico. As part of Task 6 of the Long-Range Transportation Plan (LRTP) project,
SDG has been developing long-range population and employment forecasts that combine
regional economic forecasting techniques with demographic analysis.

Our analysis follows standard practice in regional economic forecasting by focusing on the
relationship between population growth (or decline) and economic growth (or decline). The
approach focuses on the interplay between population, employment and the cost-of-doing
business, as measured by regional wage rates. Wage costs are important to Puerto Rico,
providing a relatively competitive labor force that has been attractive for firms from the US
mainland. See Figure B.2 for Puerto Rico average weekly wages by region.

The process of forecasting population and employment growth in Puerto Rico needs to
contend with the fact that island is undergoing structural change in its employment base. This
change, coupled with several other events discussed below, have led to a decrease in both
employment and population within the last decade. As shown in Figure B.1, Puerto Rico’s
population has seen a significant reversal in recent years, culminating in annual decreases of
over 1% a year since 2011.

Figure B.1: Puerto Rico Historic Population
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Figure B.2: Puerto Rico Average Weekly Wages (Constant 2010 Prices)
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This reversal is likely rooted in several factors, including:

e Asignificant decline in birth rates;

e Adecline in manufacturing employment, tied to changes in federal taxation policy,
international competition and the fact that manufacturing productivity growth with tend
to decrease employment through automation;

e Anincrease in the rate of out-migration to the rest of the United states.

This trend is likely to continue and, from initial estimates, has already been exacerbated by a
series of impactful exogenous events, including;

e The recent Hurricane Maria that gravely disrupted economic activity; and

e Along-running fiscal imbalance that culminated in the declaration of quasi-bankruptcy
appointment of the federal oversight board in 2017. The financial crisis has exacerbated
the economic challenges on several fronts, forcing cuts in public sector spending and
employment and increasing the perceived risk of investing in Puerto Rico’s economy.

Our forecasts described below suggest that Puerto Rico will recover from recent events (most
notably Hurricane Maria), but will continue to see employment levels declining albeit at a
slower rate. Population growth will continue to be negative (but at a much slower rate than
recent experience), as lower birth rates will tend to amplify the long-standing pattern for
Puerto Rico of net out-migration, principally to the United States mainland.

Some key forecast results include the following:

e Puerto Rico is expected to lose nearly 520,000 persons and over 90,000 jobs by 2045. This
corresponds to an 15.2% decline in population and a 10.4%decline in employment from
Puerto Rico’s 2016 figures;

e South and Southwest regions lose the largest share of their population, with declines of
over 17% since 2016. Southwest also sees employment declines of 12.6% over the same
period —second only to the 14.6% forecasted employment decline in the San Juan region.
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e Aguadilla, with forecasted population growth of 3.9% by 2045, is the lone region with
forecasted population growth, while the North and South-East regions experience the
lowest rates of decline across the island, losing under 15% of their respective populations
by 2045. Aguadilla and East regions experience slight employment growth during this
period.

Our forecasting approach (described below) does not include scenarios, in the sense that our
forecasts do not consider various changes in policy, such as:

e The possibility that current debt restructuring for Puerto Rico could yield a relaxation of
fiscal constraints for the government of the island;

e The possibility that current changes in the structure of Federal taxes affects Puerto Rico’s
competitive position negatively; or

e The possibility that Puerto Rico develops new sources of employment and growth, for
example in high technology sectors.

FORECASTING METHODOLOGY

The models developed for Puerto Rico build “bottom-up” from separate models for the seven-
metropolitan planning organization (MPO) regions in Puerto Rico. The regions are detailed
below in Figure B.3.
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Figure B.1: Seven MPO Regions in Puerto Rico
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Description of Econometric Models

The econometric models used for this exercise consider population, employment, and wages.
The models can be understood to be a representation of labor market conditions. These
models use past values of related variables to predict future values, while also incorporating
the dynamics of regional economies and labor markets:

While growth tends to follow a general trend, high wages will, at the margin, act as a break on
growth and investment. Similarly, lower wages will tend to attract investment. The model
structure is therefore grounded in regional economic theory and is capable of predicting
beyond trend growth.

Specifically, the models were used to estimate the growth rates for each of the seven MPO
regions in Puerto Rico. Forecasted growth rates are then applied to base historic levels of
population and employment. The models also use manufacturing value added as an
exogenous predictor. The general system of equations takes the following form:

Population, = ay + ayPopulation,_, + a,Employment,_,; + azReal Wages;_,
+ a,Manuf Value Added;_, + up;

Employment, = [, + fiPopulation,_, + f,Employment,_, + [;3Real Wages,_,
+ BuaManuf Value Added;_, + U,

Real Wages; = yo, + yiPopulation,_, + y,Employment,_, + y3Real Wages,_, +
yaManuf Value Added;_1 + uy,,;

The Southeast region is forecasted slightly differently and is discussed in the Southeast results
section.

Estimation of Impact of Hurricane Maria

One advantage of using these models for this exercise is their ability to predict impacts of
exogenous shocks. In addition to forecasting long-term growth, these models are used to
estimate the persistent effects of an event such as Hurricane Maria. Studies of other regions
suffering natural disasters show that post-disaster population can be slow to recover to pre-
disaster trends. These models first estimate long-term population and employment forecasts
based on pre-Hurricane levels, then separately estimate the impact of Hurricane Maria. What
these models can do is tell us the trajectory of outmigration specifically due to the Hurricane,
followed by the return of some residents. They determine how long population and
employment levels should take to return to the trends forecasted without the impact of the
Hurricane. Specifically, the model captures the persistence effect of the hurricane’s impact
(generally estimated to have been a 7.7% reduction population® in 2017).

FORECAST RESULTS: PUERTO RICO TOTALS

Models estimated at the MPO region level were aggregated to island-wide forecasts for this
section. Population and employment forecasts both show continued modest declines.

> PR Fiscal Board.
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Population Forecasts

Puerto Rico lost 8.4% of its population between 2010 and 2016, which equates to a CAGR of -
1.5%. This population decline is in part due to a shrinking natural increase in population —a
trend occurring since the 1970s, as can be seen in Figure B.4. Falling birth rates and rising
death rates due to an aging population are common patterns in countries that have
experienced rising incomes and female labor force participation. Recent declines in fertility are
also due to the current conditions of the economy in Puerto Rico: As seen for example in the
Post-1989 Russia, increased economic uncertainty is often accompanied by declining birth
rates.

Figure B.1: United States and Puerto Rico Birth Rates
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Source: SDG analysis of World Bank Data

The other source of population decline is migration. Out-migration to the United States
mainland has always been a factor in Puerto Rico, but employment declines in sectors such as
manufacturing have greatly accentuated this trend in the last decade, as shown in Figure B.5
and Table B.1°.

6 https://www.newyorkfed.org/medialibrary/media/research/current_issues/ci20-4.pdf.
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Figure B.2: Puerto Rico Historic Migration Trends to and from the United States Mainland
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Table B.1: Puerto Rico Net Migration to US Mainland
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Mlgratlon 4) 3) 2) 8) 6) 3) 9) 6) 4) 3) 8) 0)

Source: SDG analysis of US Census data

The forecasts suggest that recent rates of population decline are expected to continue in the
short-term, with slower long-term declines. Figure B.6 and Table B.2 outline the long-term
population forecasts in Puerto Rico. Note that all forecasts presented include the trend
forecasts as well as the impacts of Hurricane Maria as a dotted line representing the impact of
the shock.

As part of a two-step process, initial forecasts are developed through the models discussed
above without further calculations. These “unconstrained” forecasts are detailed in Figure B.6
through Figure B.24.

In a second step, however, we incorporate a set of realistic assumptions: Fertility declines are
assumed to stabilize as Puerto Rico fertility rates (already among the world’s lowest) reach
levels well below replacement. In a second alteration of the unconstrained forecasts, out-
migration is assumed to stabilize with the economy.

These assumptions result in a “constrained” forecast for population, suggesting slower
declines post-2030 than in the unconstrained forecast. In the constrained forecast the
unconstrained forecast for population is altered to match the trend for employment after
2030.7

7 SDG developed its forecasting models using decennial and annual population estimates spanning
2001-2016 from the U.S. Census Bureau. Following the release of the decennial census, preceding
annual population estimates are adjusted to produce intercensal estimates. SDG models do not use
intercensal estimates, choosing to specify models on annual estimates, and are presented in graphics
from 2010 to 2045.
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Figure B.3: Population Forecasts - Puerto Rico
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Table B.2: Population Forecast Growth Rates - Puerto Rico

2016 3,411,307
2020 3,168,498 (7.1%) (1.8%)
2025 3,094,020 (9.3%) (1.1%)
2040%*38 2,929,693 (14.1%) (0.6%)
2045* 2,893,950 (15.2%) (0.6%)
Source: SDG

As shown in Figure B.6, the impact of Hurricane Maria is noticeable for about six years.
Population returns to close to 0.5% of the base forecasts by 2022.

Comparison with other forecasts

The Puerto Rico Fiscal Plan Projections estimate a cumulative population decline of 19.4% by
2022. Separately, the Hunter College Center for Puerto Rican Studies estimates a 14%
population decline by 2019. SDG forecasts come in at less drastic rates of decline, with a 7.3%
decline between 2016 and 2022.

8 indicates that the following numbers are from the SDG constrained forecast. As mentioned, the
constrained forecast has an additional adjustment made to population growth, with the growth
adjusted to reflect a constant population to employment ratio after 2030. As discussed below, the
adjustment reflects the fact that both the decline in fertility and the increase in out-migration are seen
as stabilizing, in turn slowing the decline in population.
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Employment Forecasts®

Puerto Rico lost 4.6% of its employment between 2010 and 2016, which amounts to
approximately 43,000 jobs and a CAGR of -0.8%. Declining manufacturing employment is a
large source of the overall employment issues in Puerto Rico, as described in Figure B.7 .

Section 936 of the US tax code, signed in 1976, had been allowing U.S. manufacturing
companies to avoid corporate income taxes on profits made in U.S. territories. This section
was phased out between 1996 and 2006, in what resulted in a decline of nearly 40% of
manufacturing employment.?® Heavy borrowing by the Puerto Rican government eventually
resulted in the island’s bankruptcy declaration in May 2017. This historic decline combined
with the impacts of Hurricane Maria make it not immediately clear that overall employment
will see upturns any time soon without external forces such as a fiscal package or further tax
incentives.

As shown in Figure B.7, Government, Manufacturing and Mining, Logging and Construction
have all shrunk relative to the overall employment base, while Professional and Business
Services, Education and Health and Leisure and Hospitality (where most Tourism employment
lies) all increased.

Figure B.1: Puerto Rico Historic Employment Shares by Sector

100%
0%
R R R A R R AR
R L L gt
Year

m Mining, bgeing, and Consruction m Manufacturing

B Wholesale Trade B RealTrade

Shares of Total Employment by
Sector

m Transportation and Lkilities Infor mation
B Financial Actvities B Professional and Business Services
m Educ &ion and Heakh Services m Leisure and Hospiality

W Other Services B Government

Source: SDG analysis of Bureau of Labor Statistics data
Short-term employment decline is expected to occur at slightly higher rates of decline than

recent historic rates, with a CAGR of 1.2% from 2016 to 2020. Long-term employment decline
is expected to stabilize below 0.1% per year.

9 Note that employment numbers referenced are from the BLS QCEW. The 2016 Base Year data was
produced through a transformation of BLS LAUS data from Place of Residence to Place of Work. The BLS
LAUS encompasses a greater definition of employment, including self-employed and farm employees.
Growth rates and not levels will be applied to the 2016 Base Year data, to produce employment
forecasts.

10 https://www.cnbc.com/2017/09/26/heres-how-an-obscure-tax-change-sank-puerto-ricos-
economy.html.
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Figure B.2: Employment Forecasts - Puerto Rico (Indexed to 2010)
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Figure B.8 and Table B.3 outline the Puerto Rico employment forecasts. The population shock
in 2017 of -7.7% estimated from Hurricane Maria, results in an immediate decline in
employment of -1.4%. Employment returns to within 0.1% of the base forecast by 2022.

Table B.1: Employment Forecast Growth Rates — Puerto Rico

Employment Percent ;S:gge e CAGR from 2016

2016 888,513

2020 852,177 (4.1%) (1.0%)

2025 843,813 (5.0%) (0.6%)

2040 807,808 (9.1%) (0.4%)

2045 796,491 (10.4%) (0.4%)
Source: SDG

RESULTS: REGIONAL TOTALS

As previously mentioned, the models were estimated at the regional level. The previous
section gave an idea of the island-wide forecasts and Hurricane Maria effects. This section
discusses each region individually; forecasts reported include the impact of Hurricane Maria.
Key findings are:

e Population decline is expected to continue in all regions. Short-term annual rates of
decline are between -1.2% and -3.3%. Long-term annual rates of decline are between -
0.8% and .1%.

e Employment declines in all regions excluding Aguadilla and the East. With short-term
annual rates of decline ranging from -.05% in the South East to -.54% in San Juan.

e Employment in Aguadilla and the East is expected to increase at rates below 1% a year
through 2045.
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All Regions: Side-by-Side

It is useful to compare the differential projected growth of the seven MPO regions in Puerto
Rico.

All regions show short-term rates of population decline that slow by 2045, and in Aguadilla
alone is their population growth in the long-term. South and East both have the greatest
historic rates of decline at -1.8% per year since 2010. These regions are expected to see short
term rates of decline greater than 2%. In the long-term, East and South retain the largest
population CAGR’s, at .8% and .7% respectively. Table B.4 and Table B.5 outline the population
and employment forecasts and trends over the short and long term for each of the seven
Puerto Rico regions.

Figure B.9 outlines the projected population for each region. The South and East regions
experience the greatest population declines relative to their size, while it is important to note
that the East is the smallest region in terms of population.

Table B.1: Population Forecast Growth Rates - All Regions
|| Aguadilla | Southwest | South | South East | East | SanJuan [ North |

Historic CAGR

0, 0, 0, 0, ) 0, 0,
2010 - 2016 (1.5%) (1.5%) (1.8%) (1.3%) (1.8%) (1.4%) (1.2%)
2016 288,777 228,103 371,347 106,617 73,438 2,058,458 284,567
2020 272,906 213,558 340,868 98,686 64,345 1,907,174 270,961
2025 270,331 207,547 318,541 95,405 60,452 1,875,705 266,038
2040* 288,743 192,447 293,994 91,814 59,200 1,750,807 252,687
2045* 300,126 188,107 292,328 91,757 60,566 1,712,058 249,008
Short-Term CAGR 0 o 0 0 o 0 0
2016 - 2020 (1.4%) (1.6%) (2.1%) (1.9%) (3.3%) (1.9%) (1.2%)
Long-Term CAGR o o o o o o o
2016 - 2045 0.1% (0.7%) (0.8%) (0.5%) (0.7%) (0.6%) (0.5%)
Source: SDG

As Figure B.9 shows, each region has a different response to the Hurricane Maria shock. All
regions see population returns between 2017 and 2018. Aguadilla and North are projected to
have the lowest rates of decline of the seven regions.
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Figure B.1: Indexed Population Forecasts (2016 = 1)
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Employment projections are mostly positive compared to the population forecasts. Historic
rates of decline have not been as large as respective population rates. In the East region,
employment has grown modestly since 2010. Aguadilla and East ad roughly 1,000 jobs by
2020. In the long-term, Aguadilla and East regions combine to add nearly 14,500 jobs. All other
regions collectively lose over 105,000 jobs by 2045.

Table B.2: Employment Forecast Growth Rates — All Regions

|| Asuadila | Southwest | South | southEast | east | sanuuan | North |

Historic
CAGR
2010 -
2016

2016 49,794 54,724 83,618 18,323 16,986 611,380 53,688
2020 50,549 53,418 81,146 18,048 17,390 579,451 52,175
2025 52,573 52,367 81,066 18,119 18,057 570,335 51,296
2040 59,039 48,927 79,693 18,090 19,346 533,627 49,086
2045 61,366 47,823 79,241 18,079 19,792 521,817 48,372

(0.3%) (1.3%) (0.6%) (2.3%) 0.2% (0.8%) (0.7%)

Short-Term
CAGR

2016 -
2020

0.4% (0.6%) (0.7%) (0.4%) 0.6% (1.3%) (0.7%)

Long-Term
CAGR
2016 -
2045

Source: SDG

0.7% (0.46%) (0.2%) (0.05%) 0.5% (0.54%) (0.4%)

As shown in Figure B.10, Post-Maria the South East, North, Southwest, and San Juan regions
follow fairly similar employment growth patterns.
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Figure B.2: Indexed Employment Forecasts (2016 = 1)
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The following sections provide graphs, specifically Figure B.11 to Figure B.24, and charts,
specifically Table B.6 to Table B.19, for each region individually.
Region 1: Aguadilla

Figure B.11: Population Forecasts - Aguadilla
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Table B.1: Population Forecast Growth Rates - Aguadilla

2016 288,777

2020 272,906 (5.5%) (1.4%)

2025 270,331 (6.4%) (0.7%)

2040* 288,743 (0.0%) (0.0%)

2045%* 300,126 3.9% 0.1%
Source: SDG
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Figure B.2: Employment Forecasts - Aguadilla (Indexed to 2010)
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Table B.2: Employment Forecast Growth Rates - Aguadilla

Employment Percent ;g:zge i CAGR from 2016

2016 49,794

2020 50,549 1.5% 0.4%

2025 52,573 5.6% 0.6%

2040 59,039 18.6% 0.7%

2045 61,366 23.2% 0.72%
Source: SDG

Region 2: Southwest

Figure B.1: Population Forecasts - Southwest
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Table B.1: Population Forecast Growth Rates - Southwest

2016 228,103

2020 213,558 (6.4%) (1.6%)

2025 207,547 (9.0%) (1.0%)

2040* 192,447 (15.6%) (0.7%)

2045* 188,107 (17.5%) (0.7%)
Source: SDG

Figure B.2: Employment Forecasts - Southwest (Indexed to 2010)
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Table B.2: Employment Forecast Growth Rates - Southwest

Employment Percent ;gigge e CAGR from 2016

2016 54,724

2020 53,418 (2.4%) (0.6%)

2025 52,367 (4.3%) (0.5%)

2040 48,927 (10.6%) (0.5%)

2045 47,823 (12.6%) (0.46%)
Source: SDG
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Region 3: South

Figure B.1: Population Forecasts - South
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Table B.1: Population Forecast Growth Rates - South

2016 371,347

2020 340,868 (8.2%) (2.1%)

2025 318,541 (14.2%) (1.7%)

2040* 293,994 (20.8%) (1.0%)

2045* 292,328 (21.3%) (0.8%)
Source: SDG

Figure B.2: Employment Forecasts - South (Indexed to 2010)
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Table B.2: Employment Forecast Growth Rates - South

Employment Percent ;Sigge ftom CAGR from 2016

2016 83,618

2020 81,146 (3.0%) (0.7%)

2025 81,066 (3.1%) (0.3%)

2040 79,693 (4.7%) (0.2%)

2045 79,241 (5.2%) (0.19%)
Source: SDG

Region 4: Southeast

The Southeast region’s population and employment forecasts proved difficult to model
satisfactorily, principally due to its small size. Regions characterized by small populations or
employment bases can be prone to important relative fluctuations, which makes the
calibration of these types of models challenging.

As the estimated models did not prove satisfactory, the Southeast region’s final forecast was
produced differently: Here the process was to impute the same growth rates as the other six
MPO regions combined. The average rate of change for population and employment from
2016-2045 for the six other regions was applied to the Southeast base year 2016 population
and employment. This regional forecast adjustment does not have much impact on the
aggregate Puerto Rico forecasts due to the Southeast’s small relative size, as can be seen in
Figures B.17 to B.18 and Tables B.12 to B.13.

Figure B.1: Population Forecasts - Southeast
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Table B.1: Population Forecast Growth Rates - Southeast

2016 106,617
2020 98,686 (7.4%) (1 9%)
2025 95,405 (10.5%) (1.2%)
2040* 91,814 (13.9%) (0.6%)
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2045* 91,757 (13.9%) (0.5%)
Source: SDG

Figure B.2: Employment Forecasts - Southeast (Indexed to 2010)
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Table B.2: Employment Forecast Growth Rates - Southeast

Employment Percent ;E:Ege gen CAGR from 2016

2016 18,323

2020 18,048 (1.5%) (0.4%)

2025 18,119 (1.1%) (0.1%)

2040 18,090 (1.3%) (0.1%)

2045 18,079 (1.3%) (0.05%)
Source: SDG
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Region 5: East

Figure B.1: Population Forecast Growth Rates - East
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Table B.1: Population Forecast Growth Rates - East

2016 73,438

2020 64,345 (12.4%) (3.3%)

2025 60,452 (17.7%) (2.1%)

2040* 59,200 (19.4%) (0.9%)

2045* 60,566 (17.5%) (0.7%)
Source: SDG

Figure B.2: Employment Forecast Growth Rates - East (Indexed to 2010)
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Table B.2: Employment Forecast Growth Rates - East

Employment percent ;E:Ege i CAGR from 2016

2016 16,986

2020 17,390 2.4% 0.6%

2025 18,057 6.3% 0.7%

2040 19,346 13.9% 0.5%

2045 19,792 16.5% 0.53%
Source: SDG

Region 6: San Juan

Figure B.1: Population Forecasts - San Juan
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Table B.1: Population Forecast Growth Rates - San Juan

2016 2,058,458

2020 1,907,174 (7.3%) (1.9%)

2025 1,875,705 (8.9%) (1.0%)

2040* 1,750,807 (14.9%) (0.7%)

2045* 1,712,058 (16.8%) (0.6%)
Source: SDG
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Figure B.2: Employment Forecasts - San Juan (Indexed to 2010)
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Table B.2: Employment Forecast Growth Rates - San Juan

Employment Percent ;E:Ege gen CAGR from 2016

2016 611,380

2020 579,451 (5.2%) (1.3%)

2025 570,335 (6.7%) (0.8%)

2040 533,627 (12.7%) (0.6%)

2045 521,817 (14.6%) (0.54%)
Source: SDG

Region 7: North

Figure B.1: Population Forecasts - North
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Table B.1: Population Forecast Growth Rates - North

2016 284,567
2020 270,961 (4.8%) (1.2%)
2025 266,038 (6.5%) (0.7%)
2040* 252,687 (11.2%) (0.5%)
2045* 249,008 (12.5%) (0.5%)
Source: SDG

Figure B.2: Employment Forecasts - North (Indexed to 2010)
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Table B.2: Employment Forecast Growth Rates - North

Employment Percent ;gigge e CAGR from 2016

2016 53,688
2020 52,175 (2.8%) (0.7%)
2025 51,296 (4.5%) (0.5%)
2040 49,086 (8.6%) (0.4%)
2045 48,372 (9.9%) (0.36%)
Source: SDG
CONCLUSION

The forecasts for population and employment growth in Puerto Rico suggest a continued
decrease in both, though at a much slower rate than has been the trend over the last decade.
The slowing of the recent decreases reflects several factors, including:

e The on-going recovery from the impacts of Hurricane Maria;

e Puerto Rico’s relative attractiveness as a location for investment, notably a
competitive wage structure compared to the United States mainland;

e An existing base of industrial activity that is relatively diversified; and
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e Theisland’s locational amenities, which include its climate, history and natural beauty.
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C APPENDIX C - COMPREHENSIVE
BICYCLE AND PEDESTRIAN PLAN
FOR PUERTO RICO

http://www.movilidadparatodospr.com/web/docs/Comprehensive_Bicycle_and_Pedestrian_Plan_
-_Main_Document.pdf
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D APPENDIX D - COMPLETE STREETS
PLAN AND DESIGN GUIDELINES.

http://www.movilidadparatodospr.com/web/docs/Complete Streets Plan and Design Guideline
s - Main Document.pdf
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E APPENDIX E—-PUBLIC
INVOLVEMENT PLAN

INTRODUCTION

Public participation is an essential to any planning process. It is an integral part of the
transportation development which helps ensure that decisions are made in consideration of
and to benefit public needs and preferences. Public participation enables agencies to make
better informed decisions through collaborative efforts and builds mutual understanding and
trust between the agencies and the public they serve

This document describes the Public Involvement Plan for the development of the 2045 Long
Range Multimodal Transportation Plan for Puerto Rico. It is based on the principal statements
already approve in the MPO PIP; Public Involvement Plan in the Transportation Planning
Process'’. However, this plan also took into consideration any requirements established in
recent federal and local regulations.

PURPOSE

As part of the MPO planning process, the Long Range Transportation Plan (LRTP) required a
broad insight from the general public, professional and civic organizations, private companies
and key governmental stakeholders. This Public Involvement Plan (PIP) considered various
communication methods and identified key stakeholders that the project considered during its
development.

This document was aligned with the MPO PIP vision, goals and objectives. This PIP has the
following:

Vision
Involve and enable agencies, the interested parties and the community to provide meaningful
input to the LRTP.

Goals

e  Consult with the public and stakeholders to gather their ideas for solutions to LRTP;
e Inform and involve the public throughout the process.

1 Federal joins approval February 18,2014. Revised and approved by the members of the MPO on August
6, 2015.
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Objectives

e Develop an effective, and proactive participation process that includes agencies,
stakeholders, interested parties'?) and the public, at regional and local level;

e Create communication channels with the public to encourage public participation and
obtain input;

e Use of innovative tools and media including utilizing the DTPW’s webpage to inform the
public of upcoming planning activities; and

e Encourage the participation of minority and low-income populations in the LRTP
development process.

PUBLIC OUTREACH AND COMMUNICATIONS
Target Audiences

While the communications across different media seeks to involve residents across the island,
targeted efforts were made to engage a group of stakeholders, as described in Table E.1.

Table E.1: Stakeholders

Ports Authority
Metropolitan Bus Authority
Planning Board
Public Services Commission
Environmental Quality Board
Agencies
Maritime Transportation Authority
Permissions Management Office
. Department of Environmental and Natural Resources
Public Sector
Puerto Rico Integrated Transportation Authority
Transportation and Infrastructure Commission
Federal Highway Administration
Federal Federal Transit Administration

Environmental Protection Agency

Municipal Mayors, land-use and transportation planners, and other personnel
P from the municipalities of the Urbanized and Rural Areas
Regional Regional Council
Private providers
Interested and Trucking Freight Industry
Private Sector .
affected parties Private Paratransit Operators
Airports

NPO Interested Professional Groups

2 The FAST Act explicitly adds public ports and certain private providers of transportation, including
intercity bus operators and employer-based commuting programs to the list of interested parties that an
MPO must provide with reasonable opportunity to comment on the transportation plan.

Final Report December 2018 | 72



APPENDIX E — PUBLIC INVOLVEMENT PLAN

Elderly and people with disability organizations
Environmental organizations

Bicycle and pedestrians

Affected Minority and low-income populations
Public
Students
Interested Transport users

Source: SDG and PRHTA

A series of meetings were undertaken with specific committees covering most of the
stakeholders:

¢ Project Management Committee (PMC): The project management team consisted of the
SDG team and the key personnel assigned by the SPO. They met at least twice a month to
provide guidance and insight to the project team, monitor the progress and support
compliance with schedule, as shown in Table E.2.

Table E.2: Project Management Committee Members

PRHTA Project Manager
PRHTA Office

SDG Project Coordinator

Source: SDG and PRHTA

e Advisory Committees (AC): The main objective of the ACs was to integrate under-
represented populations, interest parties as well as professionals, academia, and public
agencies that could contribute to the discussion adding elements concerning their group or
expertise. These committees are: Citizen’s Advisory Committee (CAC), and Government
Advisory Committee (GAC).

e Citizen’s Advisory Committee (CAC), as seen in Table E.3.

Table E.3: Citizen’s Advisory Committee Members

Represented Sector

Puerto Rico Office of the Ombudsman for the Elderly
American Association of Retired Persons (AARP)
Puerto Rico Office of the Ombudsman for People with
Disabilities
Environmental Justice (Communities) Center for Volunteer Development

Puerto Rico Planners Society

Institute of Transportation Engineer (ITE-PR)
Professionals Organizations Economist Association

Puerto Rico Professional College of Architecture and

Landscaping Architecture

Elderly population

People with disabilities

Logistics PR Shipping Association
Civil Engineer Department — UPRM
Universities Graduate School of Planning — UPRRP
Civil Engineer Department — UPPR
Non-motorized Mobility Advisory Council

Source: SDG and PRHTA

e Government Advisory Committee (GAC), as seen in Table E.4.
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Table E.4: Government Advisory Committee Members

PRHTA Project Manager

SDG Project Coordinator

UZAs Representatives

TMAs Representatives

Planning Board

Ports Authority

Metropolitan Bus Authority

Puerto Rico Integrated Transportation Authority
Maritime Transportation Authority

Tren Urbano

Public Private Partnership Authority

Puerto Rico Infrastructure Financing Authority
Public Services Commission

PRIDCO

Puerto Rico Economic Development Bank
Puerto Rico Statistics Institute

Source: SDG and PRHTA

e Technical Committee (TC): SDG Project Coordinator and key members representing PRHTA
technical areas. This Committee had been appointed by the PRHTA’s Executive Director,
and its members are the following offices shown in Table E.5.

Table E.5: Technical Committee Members

Office/Area

PRHTA Project Manager
SDG Project Coordinator

Strategic Planning Office
6FHWA Liaison Office
FTA Liaison Office
Data Collection and Traffic Analysis Office
GIS Office
Project Programming Office
Traffic Engineer Office
Puerto Rico Integrated Transportation Authority
Soil Engineer Office
Bridge Program
Highway Safety Program
Source: SDG and PRHTA

This committee were meet regularly to discuss general technical issues and assumptions

within the project mostly related to the process of project prioritization, and revision of

technical papers.

Additional to this Technical Committee there were 4 subcommittees they met as needed to

discuss specific topics, these are:

e  Freight Advisory Committee, as seen in Table E.6: focused on the issues of freight
mobility for Puerto Rico.
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Table E.6: Freight Advisory Committee Members

| sector | Office/fArea |

PRHTA Project Manager
PRHTA SPO Office
PRHTA Salinas Toll Station
PRHTA Programming and Environmental Affairs
Field Operation PR Police
Highway and Traffic PR Police
PR Ports Authority
Public Services Commission
Mayaguez Port
Puerto Rico Trade and Export Company
Federal Motor Carrier Administration
Planning Board — Subprogram of Economic Analysis
PR Shipping Association
PR Industrial Association
Private PR Retail Trade Association
PR Chamber of Commerce
MIDA

Source: SDG and PRHTA

Government

e Resilience Transportation Infrastructure Committee, shown in Table E.7, focused in
ensuring that the topic of resilience was properly attended and represented in the
Plan.

Table E.7: Resilience Transportation Infrastructure Committee Members

PRHTA Project Manager

PRHTA employees from regional offices

PR Climate Change Commission representative
Internal leader of this Committee

PRHTA SPO Office

Puerto Rico Emergency Management Agency
SDG Project Coordinator

Source: SDG and PRHTA

e  Socioeconomic Committee, shown in Table E.8, Worked on discussing forecast of
economy, population and employment in Puerto Rico.

Table E.8: Socioeconomic Committee Members

Office/Area

PRHTA Project Manager

SDG Project Coordinator

SDG Socioeconomic Forecasting Expert
Advantage Business Consulting

Source: SDG and PRHTA

e  Financial Committee, shown in Table E.9 Responsible of prioritizing and identifying
the funding available for the different projects.
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Table E.9: Financial Committee Members

PRHTA Project Manager

Auxiliary Executive Director of Administration and Finance (or
delegate)

Finance Director (or delegate)

SDG Project Coordinator

SDG Finance Expert

Advantage Business Consulting

Source: SDG and PRHTA

e Public Participation Committee (PPC): This committee was responsible of implementing
and updating this PIP. It was also responsible of promoting and facilitating the participation
of representatives of local agencies, private’s entities related to transportation, community
organizations and the general public, as well as to assure that the interested and social,
economic and environmental concerns of the community were being considered in the
planning process. This can be seen in Table E.10 and Figure E.1.

Table E.10: Public Participation Committee Members

PRHTA Project Manager

PRHTA Public Involvement Expert
SDG Project Coordinator

SDG Public Involvement Experts

Source: SDG and PRHTA

Figure E.1: LRTP Stakeholders Committees

Fropect. Mandsdgeirst Technical
Adviscry Comimuless .
Committes (AC]

CHizans Achisory Freight Committes
Commithes
Pesiltrioe Toanspod Latken
ot Ade ey Infrasirusture Commifes
Lo
Locloes onomic Commities
Firastaal Comurselios
Source: SDG

OUTREACH AND COMMUNICATION STRATEGY

The strategy outlined below informed and solicited crucial input from various stakeholders at
appropriate times in the process. The multi-pronged approach engaged a broad cross-section
of stakeholders while simultaneously working closely with a core group of interested.
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Recurrent Meetings
Project Management Committee

The project contemplated having monthly meetings with the Project Management from the
PRHTA team to monitor the project development and obtain information crucial to the
project.

Advisory Committees

The Advisory Committee participated in 4 meetings (2 with the GAC and 2 with the CAC) in
order to provide their opinions on the development of the projects in order to have a Plan and
a Guide responsive to their realities.

Technical Committee

Over 15 meetings were held with the different technical committees in order to provide their
opinions on the development of the projects in order to have specific support from technical
experts from the PRHTA and specifically on subjects related to project list, freight, reliance,
socioeconomics and finances.

Stakeholders Meetings
As needed, additional meetings were set up with other stakeholders.
Open Houses

While all aspects of community engagement and outreach are important, nothing can replace
an open community forum where individuals can come and hear information about the study
process and as well provide inputs regarding their specific needs and concerns.

Two sets of Open Houses were held; the first round happened in December 2017 and the
second one in March 2018.

Interactive Engagement

Through a clear and coherent digital strategy, a project website and email blasts were
proposed, that the project team will enable stakeholders to participate in the project 24/7.

Do to the communications issues in the entire island after Hurricane Maria, this strategy was
adjusted. Instead of a website page a Facebook page was created. This page was the social
media platform to inform about the project, activities were people can participate and served
as a direct communication channel between the team and the public.

PUBLIC INVOLVEMENT DOCUMENTATION

Throughout the project, all public involvement activities were coordinated with the
PRHTA/SPO and their participation was key importance to success. This appendix documents
all efforts including meeting, summaries, contact databases and comment databases.

Open Houses
First Open House

In the first round, we educated people about the LRTP and ask people about their mobility
needs. Hurricane Maria affected Puerto Rico’s transportation infrastructure and probably
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made a significance change on people’s regular trips, in this Open House we focused on
gathering input on how this situation changed people’s trips and where are the most affected
areas.

First Open Houses were performed between December 11" and the 22" in 7 different
locations around the island: Humacao, San Juan, Mayaguez, Utuado, Aguadilla, Barranquitas,
Ponce, Fajardo. Figure E.2 and Figure E.3 show de announcement and public notice where the
open houses where promoted.

Informative Station

This station had the objective to inform all participants about the transportation planning
process, specifically in aspects such as: (1) long-range transportation planning process, (2)
current status and challenges, (3) importance of the public involvement through the process,
and (4) timeline of this planning process, as seen in Figure E.2 through Figure E.5.
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Figure E.2: Informative Boards — Long Range Transportation Planning Process
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Figure E.3: Informative Board — Current Status and Challenges

2045 PUERTO RICO

Plan de transportacion &.op £

multimodal a largo plazo

Actualidad

Actualmente esta vigente el
Flan de Transportacion a Largo
Plazo 2040 de Puerto Rico, el
cual es vigente hasta el 2018,

Vision y Mision
El Departamento de Transpertacion y Obras Pablicas (DTOP) y Autoridad
de Carreteras (ACT) tienen como vision y mision:

o7 "~ Visidn: Desarrollar y promover umn .+~ 7™~ Mision: Nuestra misian es estimular el
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desarrolio sconomico de Puerto Rico movimiento de personas y bienas en
&n armona con & medio ambiente. armonia con el medio ambiente.

Metas
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Figure E.4: Informative Board — Public Involvement

2045 PUERTO RICO

Plan de transportacion &.0p .ﬂ:

multimodal a largo plazo

El Departamento de Transportacion y Obras Publicas (DTOP) y la
Autoridad de Carreteras (ACT) visualizan el plan como una herramienta
de planificacion fundamental para el desarrollo de Puerto Rico.
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Participacion ciudadana
La participacion de los ciudadanos es El publico tendra varias oportunidades para

sumaments necesaric para el desarmollo del poder participar:
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Figure E.5: Informative Board — Timeline

2045 PUERTO RICO

Plan de transportacion &0p £

multimodal a largo plazo

Plan de trabajo

O Recopilacion de Datos
Septiembre - Enero

O Participacion Ciudadana
{1ra Ronda Casa Abierta)

Noviembre - Julio <
() Desarrollo del Modelo
Septiembre - Julic
() Desarrollo de escenarios

Febrero - Julio

O Participacion Ciudadana
(2da Ronda Casa Abierta)

Mayo - Julio  «
() Evaluacion

Julio -

() Recomendacion

NDIH=n®

|
Source: SDG
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Interactive Station

The interactive station had the objective of gathering information about transportation needs
and concerns. Participants provided their input through questionnaires, boards and maps, as
seen in Figure E.6 through Figure E.15.

Figure E.6: Informative Board — Transportation issues

2045 PUERTO RICO

Plan de transportacion @ E

multimodal a largo plazo

Problemas en la Transportacion

Favor seleccionar 5 “issues” que entiende son mas problematicos y que
deben ser atendidos para la transportacion.

ﬁTransporte Colectivo # Peatones

= Rutas insuficientes/Poca cobertura = Falta de aceras

= Falta de informacién disponible al = Pobre condicion de las aceras
usuario = Rampas no disponibles o en mal

= No son accesibles para todas las estado
personas = Obstaculos en las aceras (incluyendo

= Falta de carriles exclusivos vehiculos)

= Es mas lento que usar mi carro = Falta de iluminacion/senalizacion

= Inseguridad
F Ciclistas & Automovil

= Falta de infraestructura ciclista = Congestion vehicular (tapon)
(carriles, estacionamientos, etc.) = Altos costos (gasolina, mantenimiento

= Mal estado de la superficie de las vias  del vehiculo

= Comportamiento hostil de los = Falta de estacionamientos
conductores de vehiculos (altas = Mal estado de las vias (bogquetes,
velocidades, proximidad a los pobre identificacion de los carriles,
ciclistas, etc.) etc.)

= Intersecciones inseguras = Intersecciones inseguras

= Vehiculos estacionados en la derecha = Falta de iluminacién
{cuando abren la puerta del vehiculo)

B Movimiento de carga

= Mal estado de las facilidades
{muelles, etc.)

= Problemas de entrega de mercancia en
los comercios

= Pocas rutas para los vehiculos de carga

= Poco espacio en la via para los
vehiculos de carga

NDP-xed

1
Source: SDG
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Figure E.7: Survey - First Open House

Areas Criticas luego del paso del Huracan Maria

Mapa Interactivo

A continuacidn, se presenta un listade de situaciones que
han afectado la infraestructura del transporte luego del
paso del Huracdn Maria. Cada situacidn se representada
por un color,

+ Inundaciones por cuerpos de agua
* Inundaciones urbanas
» Deslizamientos de terrenos

« Vias obstruidas por escombros (incluyendo tendido
eléctrico)

» \Vias sin sefalizac

semaforos

» Otro (favor especifique):

Utilizando los “stickers” provistos identifigue en el mapa
las vias/&reas mas afectadas. Solo podra colocar tres (3)
“stickers” en el mapa.

Favor de proveer informacidn sobre la ubicacién de las
tres (3) situaciones identificadas.

Situacion 1: 5 .
Plan de Transportacion Multimodal a Largo Plazo
Situacion 2: 2045
Situacidn 3: Ira Ronda - Casas Ablertas
Diciembre 2017
= steer davies gleave _ii;._.'m___
Source: SDG
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Figure E.8: Mobility Survey

Encuesta de Movilidad

Informacion Personal

1. Geénero
O Masculine O Femenino
2. éA qué grupo de edad pertenece?
015 a19 afos 055 a 59 afos
020 a 24 afios O60 a 64 afios
025 a 29 afios 65 a 69 afos
0 30 a 34 afios 070 a 74 afos
[135 5 39 afios 075 a 79 afios
140 & 45 afios 0080 a 84 afos
[0 46 a 49 afios 0085 afios en adelante

[0 50 a 54 anos

3. £Cudl es su nivel de estudio mas alto obtenide?
O Escuela Elemental O Maestria
O Escuela Intermedia O Grado Profesional mas
[ Escuela Superior alla de Bachillerato
0 Grado Asociado O Doctorado )
O Universidad sin titulo O Ninguna de las Anteriores

0O Bachillerato

4. Favor seleccione el rango de ingreso anual por unidad
familiar que mejor le aplique a usted:

00 Menos de $10,000 00 %50,000-574,999
00 $10,000-$14,999 00 %75000-$99,999
0 $15,000-5$24,999 0 %$100,000-$149,000
00 $25000-$34,999 0 %150,000-$199,000
0 $35,000-$49,999 0 %$200,000 o mas

Comentarios

Informacion de Movilidad antes del Huracan Maria

Fawvor contestar las siguientes preguntas tomando en
consideracidn como eran sus vigjes diarios antes del paso
del huracan de Maria.

5. éCudl era su modo principal de transportacion antes de
paso del huracan?

O Caminar O Transporte privado
1 Bicicleta (Taxi, Uber, otros)
O Transporte publico O Vehicule de motor

(Tren Urbano, AMA, carros O Otro:
publicos, otros)

6. cDonde comenzaba su primer viaje diario?

6a) Municipio
Bb) Barrio, zona o urbanizacién. Por favor provea Calle,
Mo, o Km.

=

. éDdnde terminaba su primer viaje?

Fa) Municipio
7b) Barrio, zona o urbanizacidn. Por favor provea Calle,
Mo, o Km.

8. ¢Cual era su ruta principal?

Fawvor indique las carreteras por las que transita ya sea en
auto, bicicleta o caminando. Si utiliza transporte puablico
favor indicar la ruta.
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Encuesta de Movilidad Comentarios

Informacién de Movilidad antes del Huracan

Favor indique cualquier comentario gue entiendan

P . I
9.& Cudl era la razdn principal de su viaje? pertinente acerca de los problemas, necesidades y

O Ir al trabajo O Cita Médica soluciones del sisterna de transportacidn en Puerto Rico v
Olr a la universidad,’ O Ir & sus actividades si son relevante al paso de los huracanes o si es una
esm_ela (llevar o dejar a sociales y/o recreacion situacién ya existente.

alguien) O Otra :

Olr a la universidad,
escuela (ser estudiante)
Olr de compras

10. éDodnde comenzaba su viaje?

O Casa O Facilidad Recreacional
[ Su Lugar de Trabajo O Restaurante
O Otro Lugar de Trabajo 0 Otra:

(una reunidn)
O Escuela/Universidad
O Facilidad Médica

11. £ Ddnde terminaba su viaje?

O Casa O Facilidad Recreacianal
0O 5u Lugar de Trabajo 0O Restaurante
O Otro Lugar de Trabajo O Otra:

{una reunién)
O Escuela/Universidad
O Facilidad Médica

Problemas en la Transportacion

Informacion de Movilidad después del Huracan

Favor indicar en el afiche presentado, los cinco (S) Favor contestar las siguientes preguntas tomando en
problemas que entiende son mas prioritarios y que deben consideracidn como son sus viajes diarios luego del paso
ser atendidos, siendo el uno (1) el de mayor importancia y del huracan Maria. Solo responda aquellas preguntas
cinco (5) el de menor importancia. donde la respuesta sea diferente en la seccién anterior.
12. £Cudl es su modo principal de transportacidn después
1. del huracan?
2 O Caminar O Transporte privado
[ Bicicleta (Taxi, Uber, otros)
3, O Transporte publico O Wehiculo de motor
(Tren Urbano, AMA, carros 0 Otro:
4 publicos, otros)
5, 13. ¢Doénde comienza su primer viaje diario?
6a) Municipio
&b) Barrio, zona o urbanizacion. Por favor provea Calle,
De los modos de transportacidn en los gue no selecciond No. o Km.
algun problema, éentiende que alguno también amerita
atencién? Indique solo dos (2). 14. éDdnde termina su primer viaje?®
7a) Municipio
1. 7b) Barrio, zona o urbanizacidn. Por favor provea Calle,
Mo, o Km.
2

15. £Cudl es su ruta principal?

Favor indique las carreteras por las que transita ya sea en
auto, bicicleta o caminando. Si utiliza transporte pablico
favor indicar la ruta.
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Encuesta de Movilidad

Informacion de Movilidad después del Huracan

16. & Cudl es la razdn principal de su viaje?

O Ir al trabajo O Cita Meédica

OlIr a la universidad/ O Ir a sus actividades
escuela (llevar o dejar a sociales y/o recreacion
alguien) O Otra :

Olr a la universidad,/

escuela (ser estudiante)
O Ir de compras

17. éDénde comienza este viaje?
O Casa O Facilidad Recreacional
O Su Lugar de Trabajo [ Restaurante
O Otro Lugar de Trabajo 0 Otra:

{una reunidn)
O Escuela/Universidad
O Facilidad Médica

18

£ Dénde termina este viaje?

O Casa O Facilidad Recreacional
O Su Lugar de Trabajo O Restaurante

O Otro Lugar de Trabajo O Otra:

(una reunidn)

O Escuela/Universidad
O Facilidad Médica

Source: SDG

Maps by MPO Region

Inversién en el Sistema de Transportacion

19. Si usted tuviese $100 para invertir en el sistema de
transportacién del pais, éComo distribuiria el dinero
para mejorar el sistema?

Cantidad
Mejoras de la

inversion
Mantenimiento de las carreteras g

Reduccidn de la congestidn en carreteras | $

Mejoras al servicio de transporte Y
colectivo

Construccion de mas aceras g
Mejoras a la sincronizacion de sefiales s
e intersecciones

Construccion de accesos peatonales y s
ciclistas

Mejoras al movimiento de camiones y $
carga

Mejoras a los patrones de uso de suelo

(Ej.: cercania a centros de empleo para 3

reducir viajes y distancia recorridas)
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Figure E.9: Aguadilla TMA

Leyenda
—— Red Primaria de Carreteras

Red de Cameteras
Region MPO
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0 125 25
1 1
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Source: SDG
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Figure E.10: Northeast

— Red Primaria de Carreteras
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Figure E.11: North

[ e
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Figure E.13: South
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Figure E.14: Southeast
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Figure E.15: Southwest
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Announcement

The first round was announced through a digital platform that includes social media and email
blast (PRHTA data base). It was also announced through the newspaper, as can be seen in
Figure E.16 and Figure E.17.

iParticipa en Ia
primera Casa Abierta! ﬂﬂ'

Highway and Traraparcatlon uharty

Source: SDG
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Figure E.17: First Open Hose — Public Notice
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Results and Documentation

Figure E.18 shows the number of participants by region in the first Open House

Figure E.18: Participants of First Open House

200
180 173
160
140
120

Participants
=
3

80
60
10
20
0
»
\"'"’(:\@ &
o W
Source: SDG
Aguadilla

Figure E.19 to Figure E.26 and Table E.11 show the results, photos and participants list of
Aguadilla (part of Aguadilla TMA).

Figure E.19: Participants Age — Aguadilla TMA

15 to 19 years
20 to 24 years
25 to 29 years
30 to 34 years

350 39 years

40 to 45 years
46 to 49 years
50 to 54 years
55 to 59 years
60 to 64 years
65 to 69 years
70 to 74 years
75 to 79 years
80 to 84 years
85 years and more

Source: SDG
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Figure E.20: Participants Level of Education — Aguadilla TMA

0% % 3% s Elementary School
u Middle School
= High School
= Grado Asociado
= College without degree

= College

= Master degree
u Professional degrese
= Doctorate

u Mone of above

Source: SDG

Figure E.21: Participants Annual Income — Aguadilla TMA

2%

0%
2% lg
NG

® Loss than 510,000

B 510,000 - 14,999
= $15,000 - §24,999
= 525,000 - $34,089
= $35,000 - $49,999
= 550,000 - $74,999
m 575,000 - 599,995
B 5100000 - $149,999
= 5150,000 - 5199,999

N

m S200,000 or more

Source: SDG
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Figure E.22: Participants Regular Trips Before and After Hurricane Maria — Aguadilla TMA

Other I

Own Vehicle ‘

Public Transport
Cycling
walk |

0 10 20 30 40 50 60

W After Hurricane Maria MW Before Hurricane Maria

Source: SDG

Figure E.23: Participants Main Reason Trips Before and After Hurricane Maria — Aguadilla TMA

Other

Social/Recreational activities
Medical appointment
Shopping

College

urrr'

College/School

work |y

5 10 15 20 25 30 35 40

o

B After Hurricane Maria M Before Hurricane Maria

Source: SDG
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Figure E.24: Transportation Investment — Aguadilla TMA

= Road maintenance
= Ronduc o congesticon

s Public transportation
IMProvements

= More sidewalks

s Signal timing and nterse tons
improvements

® More pedestrian and oyclst
LTSS

& Fraght improvements

Land use pattern improwe ments

Source: SDG

Table E.11: Transportation Issues — Aguadilla TMA

Priority level Aguadilla TMA

Urgent Roads in bad condition

High Lack of lighting

Medium Lack of sidewalks

Low Lack of cyclist infrastructure

Very Low Insufficient routes/poor coverage
Source: SDG

Figure E.25: Open House Participants — Aguadilla

Source: SDG
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Figure E.26: Attendance Lists — Aguadilla
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Barranquitas

Figure E.27 to Figure E.34 show the results, photos and participants list of Barranquitas (part of
San Juan TMA).

Figure E.27: Participants Age — Barranquitas (San Juan TMA)

15 to 19 years
20 to 24 years
25 to 29 years
30 to 34 years
35 to 39 years
40 to 45 years
46 to 49 years
50 to 54 years
55 to 59 years
60 to 64 years
65 to 69 years
70 to 74 years
75 to 79 years
80 to 84 years

85 years and more

Source: SDG
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Figure E.28: Participants Level of Education — Barranquitas (San Juan TMA)
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Figure E.29: Participants Annual Income — Barranquitas (San Juan TMA)

n Less 510,000

= $10,000 - $14,999

» 515,000 - 524,999

= 575,000 - 534,999

= 535,000 - 549,995

® 550,000 - 574,999

» 575,000 - $99,995

1 $100,000 - 5149,999

s 150,000 - 199,999

& 200,000 or mdare

Source: SDG

& @ B i T @&

Final Report December 2018 |
106



APPENDIX E — PUBLIC INVOLVEMENT PLAN

Figure E.30: Participants Regular Trips Before and After Hurricane Maria — Barranquitas (San Juan TMA)
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Figure E.31: Participants Main Reason Trips Before and After Hurricane Maria — Barranquitas (San Juan TMA)
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Figure E.32: Transportation Investment — Barranquitas (San Juan TMA)

= foad maintenance
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= Reduce congestion

= Public transport atien
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Source: SDG

Figure E.33: Open House Participants — Barranquitas

Source: SDG
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Figure E.34: Attendance Lists — Barranquitas
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Fajardo

Figure E.35 to Figure E.42 and Table E.12, show the results, photos and participants list of
Fajardo (East Region).
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Figure E.35: Participants Age — Fajardo (East Region)
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85 years and more

Source: SDG

Figure E.36: Participants Level of Education — Fajardo (East Region)

Source: SDG
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Figure E.37: Participants Annual Income - Fajardo (East Region)
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Source: SDG

Figure E.38: Participants Regular Trips Before and After Hurricane Maria — Fajardo (East Region)
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Figure E.39: Participants Main Reason Trips Before and After Hurricane Maria — Fajardo (East Region)
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Figure E.40: Transportation Investment — Fajardo (East Region)

52.8 S3.8 = Foad maintenance
5.0 : _

= Reduce conpe tion

= Pulblic transportation Improvements

s Maore sidewalks

= Signal timing and intersections
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& Land use pattern Imarowsements

Source: SDG

Table E.12: Transportation Issues — Fajardo (East Region)

Urgent Roads in bad condition
High Congestion
Medium Lack of sidewalks
Low Insufficient routes/poor
coverage
Very Low Lack of lighting
Source: SDG
% @ X i Te@B
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Figure E.41: Open House Participants — Fajardo

Source: SDG

Figure E.42: Attendance Lists — Fajardo
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Guayama

Figure E.43 to Figure E.50 and Table E.13 show the results, photos and participants list of
Guayama (Southeast Region).

Figure E.43: Participants Age — Guayama (Southeast Region)
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Figure E.44: Participants Level of Education — Guayama (Southeast Region)
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Source: SDG

Figure E.45: Participants Annual Income — Guayama (Southeast Region)
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Figure E.46: Participants Regular Trips Before and After Hurricane Maria — Guayama (Southeast Region)
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Figure E.47: Participants Main Reason Trips Before and After Hurricane Maria — Guayama (Southeast Region)
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Figure E.48: Transportation Investment — Guayama (Southeast Region)

= Rpad maintenance

= Reduce oongestion
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Land wse patterm improvesmsnis
Source: SDG

Table E.13: Transportation Issues — Guayama (Southeast Region)

Urgent Roads in bad condition
High Lack of cyclist infrastructure
Medium Lack of sidewalks
Low Insecure intersections
Vg Insufficient routes/poor
coverage
Source: SDG

Figure E.49: Open House Participants — Guayama

Source: SDG
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Figure E.50: Attendance Lists — Guayama
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Humacao

Figure E.51 to Figure E.58 show the results, photos and participants list of Humacao (San Juan
TMA).
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Figure E.51: Participants Age — Humacao (San Juan TMA)
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85 years and more

Source: SDG

Figure E.52: Participants Level of Education — Humacao (San Juan TMA)
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Figure E.53: Participants Annual Income — Humacao (San Juan TMA)
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Figure E.64: Participants Regular Trips Before and After Hurricane Maria — Humacao (San Juan TMA)
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Figure E.75: Participants Main Reason Trips Before and After Hurricane Maria — Humacao (San Juan TMA)
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Figure E.86: Transportation Investment — Humacao (San Juan TMA)
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Figure E.57: Open House Participants — Humacao

Source: SDG

Figure E.58: Attendance Lists — Humacao
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Mayagiez

Figure E.59 to Figure E.66 and Table E.14 show the results, photos and participants list of
Mayaguez (Southwest Region).

Figure E.59: Participants Age — Mayaguez (Southwest Region)

25 to 29 years
30 to 34 years
35 to 39 years
40 to 45 years
46 to 49 years
50 to 54 years
55 to 59 years
60 to 64 years
65 to 69 years
70 to 74 years
75 to 79 years
80 to 84 years
85 years and more

Source: SDG
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Figure E.60: Participants Level of Education — Mayaguez (Southwest Region)

Source: SDG
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Figure E.61: Participants Annual Income — Mayaguez (Southwest Region)

Source: SDG
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Figure E.92: Participants Regular Trips Before and After Hurricane Maria — Mayaguez (Southwest Region)
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Figure E.63: Participants Main Reason Trips Before and After Hurricane Maria — Mayaguez (Southwest Region)
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Figure E.64: Transportation Investment — Mayaguez (Southwest Region)
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Table E.14: Transportation Issues — Mayaguez (Southwest Region)

Urgent Roads in bad condition

High Congestion

Medium Insecure intersections

Low Lack of sidewalks

Very Low Lack of cyclist infrastructure
Source: SDG

Figure E.65: Open House Participants — Mayagiiez
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Figure E.66: Attendance Lists — Mayagiiez
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Ponce

Figure E.67 to Figure E.74 and Table E.15 show the results, photos and participants list of
Ponce (South Region).
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Figure E.67: Participants Age — Ponce (South Region)

15 to 19 years
20 to 24 years
25 to 29 years
30 to 34 years
35 to 39 years
40 to 45 years
46 to 49 years
50 to 54 years
55 to 59 years
60 to 64 years
65 to 69 years
70 to 74 years
75 to 79 years
80 to 84 years

85 years and more

Source: SDG

Figure E.68: Participants Level of Education — Ponce (South Region)

Source: SDG
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Figure E.69: Participants Annual Income — Ponce (South Region)
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Source: SDG

Figure E.70: Participants Regular Trips Before and After Hurricane Maria — Ponce (South Region)
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Figure E.71: Participants Main Reason Trip Before and After Hurricane Maria — Ponce (South Region)
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Figure E.102: Transportation Investment — Ponce (South Region)
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Source: SDG

Table E.15: Transportation Issues — Ponce (South Region)

Urgent Roads in bad condition
High Lack of cyclist infrastructure
Medium Insufficient routes/poor
coverage
Low High costs
Very Low Facilities in bad condition
Source: SDG
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Figure E.73: Open House Participants — Ponce

S-ource: SDG

Figure E.74: Attendance Lists — Ponce
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1ra Ronda Casa Abierta
Plan de Transportacién Multimodal a Largo Plazo 2045
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Sagrado Corazdn

Figure E.75 to Figure E.82 and Table E.16 show the results, photos and participants list of

Sagrado Corazdn (San Juan TMA).

Figure E.75: Participants Age — Sagrado Corazdén (San Juan TMA)

15 to 19 years
20 to 24 years
25 to 29 years
30 to 34 years
35 to 39 years
40 to 45 years
46 to 49 years
50 to 54 years
55 to 59 years
60 to 64 years
65 to 69 years
70 to 74 years
75 to 79 years
80 to 84 years
85 years and more

Source: SDG
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Figure E.76: Participants Level of Education — Sagrado Corazén (San Juan TMA)
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Figure E.77: Participants Annual Income — Sagrado Corazdén (San Juan TMA)
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Figure E.78: Participants Regular Trips Before and After Hurricane Maria — Sagrado Corazdén (San Juan TMA)
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Figure E.79: Participants Main Reason Trip Before and After Hurricane Maria — Sagrado Corazon (San Juan TMA)
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Figure E.80: Transportation Investment — Sagrado Corazén (San Juan TMA)

= foad maintenance

= Reduce conge stion

= Public transport atien
IMProvene nts

= More adewalks

= Lignal timing and
intersections improvements

u More pedestrian and cyclist
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= Freight improvements

Source: SDG

Table E.16: Transportation Issues — San Juan TMA

Priority level San Juan TMA

< @ K

Urgent Roads in bad condition
High Lack of sidewalks
Medium Lack of lighting
Low Lack of cyclist infrastructure
Very Low Insufficient routes/poor coverage
Source: SDG
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Figure E.81 Open House Participants — Sagrado Corazén

Source: SDG

Figure E.82: Attendance Lists — Sagrado Corazon
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Utuado

Figure E.83 to Figure E.90 and Table E.17 show the results, photos and participants list of
Utuado (North Region).
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Figure E.83: Participants Age — Utuado (North Region)

15 to 19 years
20 to 24 years
25 to 29 years
30 to 34 years
35 to 39 years
40 to 45 years
46 to 49 years
50 to 54 years
55 to 59 years
60 to 64 years
b5 to 69 years
70 to 74 years
75 to 79 years
80 to 84 years
85 years and more

Source: SDG

Figure E.84: Participants Level of Education — Utuado (North Region)

» Elementary School

= Middle School

» High School

= Grado Asociado

v College without degree
= College

» Master degree

= Profesuonal degresee

" Dewtorate

= None of above

Source: SDG
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Figure E.85: Participants Annual Income — Utuado (North Region)

= Lessthan 510,000
= 510,000 - $14,999
® 515,000 - 524,999
® 525,000 - 534,999
u 535,000 - 549,999
= S50,000 - 574,999
= 575,000 - 599,999
= 100,000 - 5149999

= 5150,000- 5199,999

w 5200,000 or more

Source: SDG

Figure E.86: Participants Regular Trips Before and After Hurricane Maria — Utuado (North Region)

Other 1

Other Private Vehicle |
Own Vehicle L

Public Transport 1
Cycling L

walk -

0 10 20 30 40 50 60 70

m After Hurricane Maria MW Before Hurricane Maria

Source: SDG
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Figure E.87: Participants Main Reason Trips Before and After Hurricane Maria — Utuado (North Region)
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Figure E.88: Transportation Investment — Utuado (North Region)

= Rond muainianencd

= Reduce oongestion

= PiaiiC brinm spsData on limgerowne mienits
= hore sidewalks

= Sipgnal Urming and Intersections
Improwements

s More pedestrian and cyclist access
= Frielght b et td

= Land isee fa U0E i T o e fts

Source: SDG

Table E.17: Transportation Issues — Utuado (North Region)

Urgent Roads in bad condition
High Congestion
Medium Lack of sidewalks
Low Lack of lighting
Very Low Insecure intersections
Source: SDG
% @ X i Te@B
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Figure E.89: Open House Participants — Utuado

Source: SDG

Figure E.90: Attendance Lists — Utuado
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Second Open Houses

In the second round, participants were also educated about the LRTP process, the main focus
of this open house was to validate the vision, goals and objectives of the plan. Participants
were asked about their opinion and suggestions that could improve the vision, goals and
objectives.

Second round of open houses were performed between March 13™ and April 6™ in 8 different
locations around the island: Caguas, Ponce, Camuy, Rincén, Cabo Rojo, Fajardo, San Juan and
Patillas.

Informative Station

This station had the objective to inform all participants about the transportation planning
process, specifically in aspects such as: (1) long-range transportation planning process, (2)
current status and challenges, (3) importance of the public involvement through the process,
and (4) timeline of this planning process.

The informative boards were the same presented in the first round, as previously shown in
Figures E.2 to Figure E.5. Also, the results from the first round of the open house were
presented.

Figure E.91 shows a new board incorporated into the informative station for this second
round.

& @ RH P TR
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Figure E.91: Informative Boards- Results from First Round
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2017, se llevo a cabo la
primera ronda de casas
ablertas en las siete [7)
regiones, segun definidas por
la MPO.

Esta primera ronda tuvo
coma objetivo: (1) informar
zobre =l desamollo del plan y
[2) cbtener insumo de los
participantes sobre sus
necesidades ¢
preccupaciores sobre la

Resultados

Problemas en (3 transportacion
“El concepto de calles completas debe tenerse miuy en
Hivel de prioridad m serio v transformar nuesiras calles & que sean @lles
Urgente completas”,

Ml estado dis las wias
Alta Congestitn vehicular *La transportacidn piblica y colectiva con facilidades de
- [r2pon) acceso @ todos los puntos importantes de la isia”,
hediara Falta de aceras
Beaja Falts die infragstructuns
ciclista
MMenor Fouras irsulicente Poca
cobertura Inversidn en &l Sistema de Transportaciin
Puerto Rico
54% - Hombres 46% - Mujeres -
ek} oo ] i e LABLEITE
2% entre 20 a 24 afios + Consiracside.ds e e i
* |
35% posee un gredo de bachillerato ' ipaprrionm =]
O mds. + ConutTacsita. i soms paNT auet § #
e
54% cuenta con ingresos Befroesl pfntote Ve ¥
menores & los 515,000 anuales i i el =
=
"
Source: SDG

December 2018 |

Final Report
162



APPENDIX E — PUBLIC INVOLVEMENT PLAN

Interactive Station

The interactive station had the objective of gathering information and validating the vision,
goals and objectives of the plan. Participants provided their inputs through boards and a
guestionnaire, as shown in Figure E.92 to Figure E.95.
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Figure E.92: Vision Board
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Figure E.93: Goals Board
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Figure E.94: Strategies Board

2045 PUERTO RICO
Plan de transportacion I L4

multimodal a largo plazo

Estrategias de Inversion

Bazandose en las siguientes consideraciones , identifigue por favor sus tres (3)
estrategias, en orden de prioridad, para el gasto del transporte, siendo el uno (1)
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Figure E.95: Objectives, Transit Improvements and Road in Bad Condition Survey

Plan de Transportacién Multimodal a Largo Plazo
20458

2da Ronda - Casas Abiarlas
Marzo/Abel 2008

oo s ghoae N a—

Final Report December 2018 |
167



APPENDIX E — PUBLIC INVOLVEMENT PLAN

Objetivos del Plan

A conBruscin s phesentan o objetivas definidas para cada una de las
rmetas. Ertos obietives B2 han desorhas Coma MEnEras Especficas oe
apoyer las metas. Fevor ealed v clisfique fos cksetrcs por orden de
INESITRNGA fArE urhed Bands wnd (1) &l d& maver IMBarEsnsis v Irés
(5], fuatia (4] o dncd (5) &l de Menor Fportandis, SEph sgliguet pod
els.

hbata A Ml}cﬂl'qldﬂmpﬁ:dﬂdrdmdq h:rl._l:pmhnlﬂn
Ot Fantng
Bedusir b congesnon v of Dempn Se viaje, 8 oreves del process de
G 08 CONEEISGn y OIrol Provechan Limiare

Optirizer ¢l wio de ke beenes de ransportatein v baleir [
ficiencis G ITETTIoNED previas.

NSRS T kK berhci O M artparackn o Duarn EHleEs O35
FEDATROAN

Mejorsr @ eficiencia en ks [DR0S e AminETTacion ¥ DDEracon
& kri SEbeTREd 8F rnIperTacon

Mfacens [ iagueiddad y profedcudn dai prhema p fu caphiaded ds
ey £ s eTvEngR TG

Mata B; Fromower B sustentabilidad del medo amibienis
Dijetvos Rasiting

MndTiEsr ks mpsdtad adherr it § il Amiber s naluraltl ¥
NGRS

Rtuds i ernisnngh 3¢ gas i 8 C0ct0 e nadens, o
NG OF ErETEa ¥ MEOpored i calxiad ocl skt

Apoyar s la inpegrackn de ks planes G uso e terTencs W B
Aranseertsrn park Irferr Comusslade ) mis Satalatie ¢
PAEEINE £ €] B A wapr

Bianops i sriratafied S8 modat aernss p b damands dé
R

Redudr 1a vulse d¢ i niree A IranSperiaan
mhﬂﬂ:m[mmﬁm

Comentarios Objetivos del Plan

@ OW®

Meta C; Mejorar & movilidad y el acorso 3 la transportacidn para

personas y earga
o SV Egrimg

et i cond Tl efte ki (enlrod e achvidad Crenacia
IRCIENOD emphen, TUMSTG ¥ dSTos nesidencaies de BT
Annge

M (3 IASEEraciin dal SHESEME &8N v G4R5NS 34 lof mads

Ay e oDdoncd So viaje pare ki reskdentes, viante v
S
Cond eaaied Il e riesi &8 B3 Bitid 38 Sbyol bindids bl
LR

FcHtar £l sCOrio & I [P porTadidn & i pabiconts
destavoreciias.

Mueta D: Reforzar |a vitabdad econdmica :
DEpriSves : Eankng
WEOnET i compeTitvidad eronomics o ScEcar & mowmsenm

siciante Ss bisted y iefvicicd
‘Generar b posicdidad e poorandades Bltie —erivadas.

Peoveer contovidad ESTUSEEIcE v Camaciasd N f ned 8 traves
As 1045 Porin RiZG

Final Report December 2018 |
168



APPENDIX E — PUBLIC INVOLVEMENT PLAN

Identificacidn de vias en mal estado

Mejoras al transporte colectivo

Resultados de bs primers roncls de casss sbiertas muestran gue & mal
esiado de las vies e uno de ks problemas mds Emporianie s ser
atendido, Dt gual Ieime of manborrmeerds de g carcieres resulld ser
f mayer rerglon de inversion o sisterma de trensportacios. Tras dickas
FEIUTRAOS QUErSMOS QUE NS ByWoes respordsendo bo siguiente:

sbertifigue b (8] vias gue reeeilan meprar du mal Fitida de carbster
wigenbe. Luegs de idertificariss indigues cval de b sguienles piolldermas
5 £l mas recunrente por of mal estade de ls W

A aumeeio en la incidencis de accidentes;

) surmarse tpnificative de [ congeemin [tapdn];

{C) desperiectos » los vebiculos; u

D) ot fevor ndique cusl.

Favar indigies cola un [1) problams pos s idennfesds

Eprrmgia

PRe-2=[WR0 emne Derseccion de b pism de Maoko rask A
i AN WREheer e (bl

1

gilhud mejores te podrign mfoenrisr 8 usar mis el seiema de transparte
elective g gl paa?

Fawr talsccionar todas It misgsras que pars wited splquss

Trarmparts Colactive

1. Mo Cobertuia) fulsl OF INNEESrT e ColecEig B L fagids

2 Unig praredy mis £0c e rmi csa e el g e trabajey)’
SR

3. heblrs periBinAsSn T S FTAEET WA SINeCic

4 m:wnluuh'ﬁm;wuh;wu

5. Ling mampne gecesiniisns en 55 parmstas v vehinsier

A Ling dromanusesn dal Beepo de espers snire i iehiculen

7. Tanfas eonnomicas

B, Infaimacidn oh Bemey roll pare Jbe Sulnds Bugard mi
SEVIEH D8 TRNSPSTE CHeTRe

8 Euted gue tonechien Cevlron de STrEleS Mredednd de 1wl

L0 Crre; pxpasfiue:

Source: SDG

Announcement

The second round was also announced through a digital platform that included social media
and email blast (PRHTA data base). It was also announced through the newspaper, as can be
seen in Figure E.96 and Figure E.97.
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Figure E.97: Second Open Hose — Public Notice

Aviso Publico

DN ORMATION ORI HOFS
e e L

ot [t o Trasugue oo el ol ekl (D) Dop Fomios Wit Highmnny o Trapsgiotition
e Purdiacce 10P%) s o sl 84 Plan e acion Bt B pathon o mmumummmntm rwanins i e
mmmmmrmwmu-numhm el b, ruicopalie. peoa Coaracabuns aeed ai:-an. RO ol il emuion
nln-qﬂw-a-nmdmmﬂ-mmnmmimﬂﬂpn by b bk o B 205 ot Ml R
Tramipentaren, Mot 1 Lirgs Fas pars Pusns Faer o e S Bcs il i oonctacels m e o] B e WL« i Y i By Do hateeg ot o] o T Fopetie]
int-ﬂ-'uumlllmm W wmnnuw-aruwu :du.-.. i, o vl e arpese of e and Fewny
8 Py abteray infeamuarion o privem erure, Fr ol Tela e et h:-:;rw #mwuﬂmﬁ i~
mmmwmlmﬁumummmm m“im
1 e

Fula pariacip e e Pl wremmtos e oo Brpur L
Ls it 1 pLun Simeerid e it Pl b Pwtaee unm@mﬂm‘m.ﬂn»mnm “mgo-mmngq-
“mmﬁmmquﬁupﬂmnhnuhlhi_mmm ke ] e ] b po Frsionnsd | M“m..ilh-lhnbhu. il oad ko
nqri-iq;n::u_huh-p.ﬁlﬂui"lﬂ TIHIE acteesion W0 A :mmmm s CHl (BT TIVATET it k. By Rollcomis'e) Liby iuied of A ]

EL NUEVO DA whorcolos, 7 de marzo de 2008 34
i il
~!
1
i

LN
e | e s
doa et Ll e e AR BERRCERS G e R W LA | - L] IC ]
[rr——— [y T ) Sy —" . B | o N I A S W o, S T L L
- g, Rt B | i 13 b g P
=T i Bk B i | e s St B it = .._._._._,.'.',. 7y e e =y -
| U AT s A B | T % ke 8 e e
L L T T ] i-.uhlluulrh'l. ey R e, Lo, M| e—— A.-.bl;i.i s EEE s e 0 -
8 o P i
= BT L LT o T e "'"""'4 W TR | L B R SOPPR TIPS P N R | S e T B ey
Bt e aea s B il

iy y
[N U TSI R S TN R —— e —— e e e L e e e e e
—s ey . " - = i 2 e g Ve, S 0 | B i o B M i, P B
g
g e FEET O mE e g b o e A AL e | ——.
e S . 1 1
e 4 | ! el ] T TR O T e e L e B ey P T
e ] Fomm i e by v b e —— e e

at mms

Source: SDG

Results and Documentation

Caguas and Sagrado Corazén — San Juan TMA

Table E.18 to Table E.20 and Figure E.98 to Figure E.105, show the results, photos and
participants list of Caguas and Sagrado Corazén (San Juan TMA).

Table E.18: Participants Agreement with the Vision Presented

Vision Agreement

Agree 75%
Suggestions 25%
Source: SDG

Table E.19: Participants Goals Prioritization — San Juan TMA

Priority Level

1 Priority 2 Priority 3 Priority 4 Priority
Goal A 19 76 13 39 5 10 3 3
Goal B 7 28 8 24 16 32 9 9 93
Goal C 8 32 16 48 7 14 9 9 103
Goal D 6 24 3 9 12 24 19 19
Source: SDG
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Table E.20: Participants Objectives Prioritization — San Juan TMA

Priority Level

Objective

Total

Goal A: Improve transportation system performance

Reduce congestion and travel time 19 95 6 24 1 3 6 12 6 140
Optimize the use of transportation assets
and balance the efficiency of previous 8 40 8 32 7 21 8 16 6 146
investments

Maintain transportation assets in good

L. 11 55 12 48 7 21 5 10 2
condition

Improve administrative and operation cost
efficiency

v
N
(&1
o
=
[e)}
[(e}
N
~
[}
=
N
=
w

Improve safety and security of the system

. o 4 20 6 24 11 33 10 20 7 135
and it emergency capability
Goal B: Promote environmental sustainability
Minimize adverse impacts to natural and 10 50 9 36 8 24 6 12 5 127

built environments.

Reduce greenhouse gas emissions, energy

) ; . ) 18 9 9 36 3 9 5 10 3
consumption and improve air quality.

Support the integration of land use plans 10 50 7 28 9 27 5 10 7

Improve the strategies of alternative modes
and travel demand.

Reduce the vulnerability of the
transportation infrastructure to events and 4 20 5 20 13 39 8 16 8
natural disasters.

Goal C: Improve transportation mobility and access for people and freight

Improve connectivity among primary
activity centers, including employment,
tourism and high density residential
districts.

13 65 7 28 4 12 2 4

(o)

Improves system integration between and
within modes.

(€]
N
%]
w
[
N
~
N
[
(€]
=
o
=
S
[
o
o

Increase travel options for residents,

. 12 60 9 36 6 18 4 8
visitors and workers

w

Concentrate investments in the areas of
greatest benefit to the user.

IS
N
o
w1
N
o
(o]
N
N
=
o
N
(o]
w
[
N
(9}

Facilitate access to transportation to

disadvantaged populations. 10 S I I e B

i

Goal D: Reinforce economic vitality

Improve economic competitiveness by
facilitating the efficient movement of goods 15 45 12 24 6 n/a n/a
and services

Public-private opportunities 4 12 13 26 16 n/a n/a

Provide strategic connectivity and capacity

1 7 7 14
in the network throughout Puerto Rico ? > ? e )

Source: SDG
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Figure E.98: Transportation Strategies — San Juan TMA
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Figure E.99: Transit Improvements — San Juan TMA
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Figure E.100: Announcement — Caguas

iParticipa en la AT
segunda Casa Abierta! M

Una oportunidad para que puedas discutir sobre la
visidn de la transportacién de Puerto Rico con el
equipo del

Plan de Transportacién Multimodal a Largo Plazo
2045,

iCuando? Martes, 13 de marzo de 2018
iHora? 4:00pm - 7:00pm

iDénde? Centro de Aprendizaje Municipal (CAM) - Caguas
Ave, Angel Rivera: José Mercado Esq, Calle Padial
Primer Piso Caguas, Puerto Rico

Estos talleres seran conducidos en un formato “casa ablerta”, donde usted puede
aslstir en cualguier momento durante las horas de la reunién vy permanecer al
tiempo que usted prefiera para obtener informacion de primera mano.

La participacidn cludadana es un components fundameantal en este proceso de
elaboracian del Plan, le invitamos a gue sea parte del proceso. Los ciudadanos ¥
organlraciones, que doseen asistir a los Talleres Informativos puedon escoger al
lugar qua sea Mas conveniente. Para mayor informacion puede llamar al (787)
721-8787 extension 3604 o escribir al 2045_PRLRTP@dtop.pr.aoy.

Source: SDG

Figure E.101: Open House Participants — Caguas

Source: SDG
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Figure E.102: Attendance Lists — Caguas
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Sagrado Corazon

Figure E.103: Announcement —-Sagrado Corazén
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Figure E.104: Open House Participants — Sagrado Corazon

Source: SDG
Figure E.105: Attendance Lists — Sagrado Corazon
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Rincén — Aguadilla TMA

Table E.21 to Table E.23 and Figure E.106 to Figure E.110, show the results, photos and
participants list of Rincdn (Aguadilla TMA).

Table E.21: Participants Agreement with the Vision — Rincon (Aguadilla TMA)

Vision Agreement

Agree 50%
Suggestions 50%
Source: SDG

Table E.22: Participants Goals Prioritization — Rincon (Aguadilla TMA)

Priority Level

1 Priority 2 Priority 3 Priority 4 Priority
Goal A 1 4 1 3 1 2 0 0
Goal B 1 4 1 8 1 2 0 0
Goal C 1 4 0 0 1 2 1 1
Goal D 0 0 1 3 0 0 2 2
Source: SDG

Table E.23: Participants Objectives Prioritization — Rincon (Aguadilla TMA)

Priority Level
Objective

Goal A: Improve transportation system performance
Reduce congestion and travel time 0 0 1 4 1 3 1 2 1

Optimize the use of transportation
assets and balance the efficiency of 28 10 0 0 1 3 0 0 1
previous investments

Maintain transportation assets in
good condition

Improve administrative and operation
cost efficiency

Improve safety and security of the
system and it emergency capability

Goal B: Promote environmental sustainability

Minimize adverse impacts to natural

. . 0 0 0 0 3 9 1 2 0 11
and built environments.

Reduce greenhouse gas emissions,
energy consumption and improve air 0 0 1 4 0
quality.

Support the integration of land use
plans

Improve the strategies of alternative
modes and travel demand.
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Priority Level
Objective

Reduce the vulnerability of the
transportation infrastructure to
events and natural disasters.

Goal C: Improve transportation mobility and access for people and freight

Improve connectivity among primary
activity centers, including
employment, tourism and high
density residential districts.

Improves system integration between
and within modes.

Increase travel options for residents,
visitors and workers

Concentrate investments in the areas
of greatest benefit to the user.

Facilitate access to transportation to
disadvantaged populations.

Goal D: Reinforce economic vitality

Improve economic competitiveness by
facilitating the efficient movement of 2 6 1 2 1 n/a n/a
goods and services

Public-private opportunities 0 0 3 6 1 n/a n/a

Provide strategic connectivity and
capacity in the network throughout 2 6 0 0 2 n/a n/a
Puerto Rico

o o )
o o s
- = o
IS IS o
= o -
w o w
o N =
o IS )
N = o

Source: SDG

Figure E.106: Transportation Strategies — Rincon (Aguadilla TMA)
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Source: SDG
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Figure E.17: Transit Improvements — RincOn (Aguadilla TMA)
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in the region

= Transit stops near my home
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Source: SDG

Figure E.108: Announcement — Rincén
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Source: SDG
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Figure E.109: Attendance Lists — Rincon

Source: SDG

Figure E.110: Attendance Lists — Rincon
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Cabo Rojo

Table E.24 to Table E.26 and Figure E.111 to Figure E.115, show the results, photos and
participants list of Cabo Rojo (Southwest Region).
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Table E.24: Participants Agreement with the Vision — Cabo Rojo (Southwest Region)

Vision Agreement

Agree 92%
Suggestions 8%
Source: SDG

Table E.25: Participants Goals Prioritization — Cabo Rojo (Southwest Region)

Priority Level

1 Priority 2 Priority 3 Priority 4 Priority
Goal A 1 4 0 0 5 10 2 2 16
Goal B 0 0 0 0 0 0 0 0
Goal C 4 16 2 6 3 6 3 3
Goal D 3 12 3 9 4 8 2 2
Source: SDG o

Table E.26: Participants Objectives Prioritization — Cabo Rojo (Southwest Region)

Priority Level

Objective

Goal A: Improve transportation system performance

Reduce
congestionand 5 25 2 8 3 9 2 4 0 0
travel time

Optimize the
use of
transportation
assets and
balance the
efficiency of
previous
investments

Maintain
transportation
assets in good

condition

Improve
administrative
and operation
cost efficiency

Improve safety
and security of
thesystemand 3 15 3 12 2 6 1 2 3 3 38
it emergency
capability

Goal B: Promote environmental sustainability
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Priority Level

Objective

Minimize
adverse impacts
to natural and 2 10 3 12 5 15 1 2 1 1 40
built
environments.

Reduce
greenhouse gas
emissions,
energy 4 20 3 12 0 O 4 38 1 1
consumption
and improve air
quality.

Support the
integration of 5 25 1 4 1 3 3 6 2 2 40
land use plans

Improve the
strategies of
alternative 0O 0o 1 4 3 9 1 2 7 7
modes and
travel demand.

Reduce the
vulnerability of
the
transportation
infrastructure
to events and
natural
disasters.

Goal C: Improve transportation mobility and access for people and freight

Improve
connectivity
among primary
activity centers,
including
employment,
tourism and
high density
residential
districts.

20 3 12 4 12 1 2 O O

Improves
system
integration 0O 0 2 8 2 6 3 6 5 5
between and
within modes.

Increase travel
options for
residents, 3 15 2 8 3 9 3 6 1 1 39
visitors and
workers
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Priority Level

Objective

Concentrate
investments in
the areas of
greatest benefit
to the user.

Facilitate access
to
transportation
to
disadvantaged
populations.

4 20 4 16

Goal D: Reinforce economic vitality

Improve
economic
competitiveness

by facilitating

the efficient 4 12 5 10 3 3 n/a n/a 25

movement of
goods and
services

Public-private

opportunities 3 9 2 4 7 7 n/a n/a

Provide

strategic

connectivity
and capacityin 5 15 5 10 2 2 n/a n/a
the network

throughout

Puerto Rico

Source: SDG

Figure E.111: Transportation Strategies — Cabo Rojo (Southwest Region)
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Figure E.112: Transit Improvements — Cabo Rojo (Southwest Region)
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Figure E.113: Announcement — Cabo Rojo (Southwest Region)
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Figure E.114: Open House Participants — Cabo Rojo

Source: SDG

Figure E.115: Attendance Lists — Cabo Rojo
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2da Ronda Casa Abierta 3
Plan de Transportacién Multimodal a Largo Plazo 2045 m F

27 g rrgerpn e NIIH | aCdipm = TA00pen | Tealo Excelskor | Cebo Rojo

Source: SDG

Camu

Table E.27 to Table E.29 and Figure E.116 to Figure E.120, show the results, photos and
participants list of Camuy (North Region).

Table E.27: Participants Agreement with the Vision — Camuy (North Region)

Vision Agreement

Agree 69%
Suggestions 31%
Source: SDG

Table E.28: Participants Goals Prioritization — Camuy (North Region)

Priority Level

1 Priority 2 Priority 3 Priority 4 Priority
Goal A 3 12 7 21 1 2 1 1
Goal B 3 0 2 0 1 0 6 0
Goal C 3 12 3 9 2 4 4 4 29
Goal D 3 12 0 0 8 16 1 1 29
Source: SDG

Table E.29: Participants Objectives Prioritization — Camuy (North Region)

Priority Level

Objective

Goal A: Improve transportation system performance
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Priority Level

Objective

Reduce
congestion and
travel time

Optimize the
use of
transportation
assets and
balance the
efficiency of
previous
investments

Maintain
transportation
assets in good

condition

Improve
administrative
and operation
cost efficiency

Improve safety
and security of
thesystemand 4 20 3 12 1 3 2 4 2 2 41
it emergency
capability
Goal B: Promote environmental sustainability
Minimize
adverse impacts
to natural and 1 5 3 12 5 15 1 2 2 2

built
environments.

Reduce
greenhouse gas
emissions,
energy 4 20 2 8 1 3 1 2 5 5
consumption
and improve air
quality.

Support the
integration of 3 15 4 16 2 6 1 2 2 2
land use plans

Improve the
strategies of
alternative 0O 0 O O 5 15 3 &6 4 4
modes and
travel demand.
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Objective

Reduce the
vulnerability of
the
transportation
infrastructure
to events and
natural
disasters.

Priority Level

Goal C: Improve transportation mobility and access for people and freight

Improve
connectivity
among primary
activity centers,
including
employment,
tourism and
high density
residential
districts.

Improves
system
integration 0O 0O 3 12 2 6 1 2 6
between and
within modes.

Increase travel
options for
residents, 1 5 2 8 5 15 3 6 1
visitors and
workers

Concentrate

investments in

the areas of N BRGEN S B8 RS INGN SN NG 0
greatest benefit

to the user.

Facilitate access
to
transportation
to
disadvantaged
populations.

Goal D: Reinforce economic vitality

Improve
economic
competitiveness
by facilitating

the efficient 128 16 ! ! n/a
movement of
goods and
services
Public-private 6 2 a4 3 3 n/a

opportunities

n/a

n/a
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Priority Level

Objective

Provide

strategic

connectivity
and capacityin 6 18 2 4 4 4 n/a n/a 26
the network

throughout

Puerto Rico

Source: SDG

Figure E.116: Transportation Strategies — Camuy (North Region)

= Infrastructure Vulnerability

= Ervironment & Sustainability

= Balance Transportation
System

w G0 Conditions Fadilities

® Nan-motonzed
ITprCdE e n s

= Transit Improvements -
publico

= Reduce Congestions

Source: SDG

Figure E.117: Transit Improvements — Camuy (North Region)

= More transit coveragefroutes
in the region

= Transit stops near my homes
or work place fstudy

= More chances to do direct
JOUrTEY S,

m More security at stops and
wehicles

= Hetter accesdbility at stops
and wehicles

Source: SDG
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Figure E.118: Announcement — Camuy

iParticipa en la mr

segunda Casa Abierta!

Source: SDG

Figure E.119: Open House Participants — Camuy (North Region)

Source: SDG
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Figure E.120: Attendance Lists — Camuy
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Source: SDG

Fajardo

Table E.30 to Table E.32 and Figure E.121 to Figure E.125, show the results, photos and
participants list of Fajardo (East Region).

Table E.30: Participants Agreement with the Vision — Fajardo (East Region)

Table E.31: Participants
Agreement with the Vision

— Fajardo (East Region)
Vision Agreement

Agree 75%
Suggestions 25%
Source: SDG

Table E.31: Participants Goals Prioritization — Fajardo (East Region)

Priority Level

1 Priority 2 Priority 3 Priority 4 Priority

Goal A 3 12 3 9 4 8 2 2

Goal B 5 20 3 9 3 6 1 1

Goal C 3 12 1 3 4 8 4 4

Goal D 1 4 1 8 1 2 1 1
Source: SDG

Table E.32: Participants Objectives Prioritization — Fajardo (East Region)

Priority Level

Objective

Goal A: Improve transportation system performance

Reduce
congestionand 1 5 1 4 1 3 1 2 7 7
travel time

Optimize the
use of
transportation
assets and
balance the
efficiency of
previous
investments

Maintain
transportation
assets in good

condition

Improve
administrative
and operation
cost efficiency

2 10 4 16 1 3 3 6 1 1 36
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Priority Level

Objective

Improve safety
and security of
thesystemand 2 10 3 12 3 9 2 4 1 1 36
it emergency
capability
Goal B: Promote environmental sustainability
Minimize
adverse impacts
to natural and 3 15 1 4 4 12 3 6 0 0 37

built
environments.

Reduce
greenhouse gas
emissions,
energy 5 25 2 8 2 6 1 2 1 1
consumption
and improve air
quality.

Support the
integration of 3 15 2 8 0 O 4 8 2 2
land use plans

Improve the
strategies of
alternative 0O 0O 4 16 2 6 3 6 2 2
modes and
travel demand.

Reduce the
vulnerability of
the
transportation
infrastructure
to events and
natural
disasters.

Goal C: Improve transportation mobility and access for people and freight

Improve
connectivity
among primary
activity centers,
including
employment,
tourism and
high density
residential
districts.

6 30 0 0 2 6 1 2 2 2

Improves

system

integration 0O 0O 4 16 2 6 2 4 3 3
between and
within modes.
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Objective

Priority Level

Increase travel
options for
residents, 0O 0 6 24 3 9
visitors and
workers

Concentrate
investments in
the areas of 2 10 0 0 1
greatest benefit
to the user.

Facilitate access
to
trans"t"ortat'o” 315 1 4 3 9 3 6 1 1
disadvantaged
populations.

Goal D: Reinforce economic vitality

Improve
economic
competitiveness
by facilitating
the efficient
movement of
goods and
services

18 1 2 4 4 n/a n/a

Public-private

i n/a n/a
opportunities / /

Provide
strategic
connectivity
and capacityin 4 12 3 6 4
the network
throughout
Puerto Rico

4 n/a n/a

Source: SDG
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Figure E.121: Transportation Strategies — Fajardo (East Region)

= |nfrastructure Vulnerability

= Erwirgnment & Sustainability

= Balance Transportation
System

» Good Conditions Facilities

= Non-motorized
|I1I|'.I rovemeants

= Transit Improvements
publico

" Reduce Congestions

Source: SDG

Figure E.122: Transit Improvements — Fajardo (East Region)

= More transit coverage/froutes
in the region

= Transit ops near my home
or work place fstudy

= More chances to do direct
JOUrTEY S,

= More security at stops and
wehicles

= Hetter accesdbility at stops
and wehicles

Source: SDG
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Figure E.123: Announcement — Fajardo

iParticipa en la AT
segunda Casa Abierta! _ﬂr/:

Una oportunidad para que puedas discutir sobre la
vision de la transportaciéon de Puerto Rico con el
equipo del

Plan de Transportaciéon Multimodal a Largo Plazo
2045,

(Cuanda? Martes, 27 de marzo de 2018
iHora? 4:00pm - 7:00pm

iDénde? Biblioteca Electrénica - Fajardo
Caolle Garrido Morales Esa. Josefina Ferrero, Plaza
Recreo Fajardo

Estos talleres seran conducidos en un formato “casa ablerta”, donde usted puade
asistir @n cualquier momaento durante las horas de la reunicn v permanacer gl
tiempo que usted prefiera para obtener informacian de primera mano.

La participacidn cludadana es un componente fundamental en este proceso de
claboracidn del Plan, le invitamos a que sea parte del proceso. Los ciudadanos v
argani zaciones, que desecn asistir a8 los Talleres Informatives pueden escoger ol
lugar gue s58a mas convanlente. Para mayor informacidon puede llamar al (787)
721-8787 extansion 3604 o escribir al 2045_PRLRTPEdtop.pr.gov.

Source: SDG

Figure E.13: Open House Participants — Fajardo

Source: SDG

<% & & i T e@@E
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Figure E.145: Attendance Lists — Fajardo
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Table E.33 to Table E.35 and Figure E.126 to Figure E.130, show the results, photos and
participants list of Patillas (Southeast Region).

Table E.33: Participants Agreement with the Vision — Patillas (Southeast Region)

Vision Agreement

Agree 91%
Suggestions 9%
Source: SDG

Table E.34: Participants Goals Prioritization — Patillas (Southeast Region)

Priority Level

1 Priority 2 Priority 3 Priority 4 Priority
Goal A 12 48 6 18 4 8 2 2
Goal B 6 24 6 18 7 14 4 4 60
Goal C 4 16 4 12 7 14 8 8
Goal D 2 8 7 21 5 10 9 9
Source: SDG o

Table E.35: Participants Objectives Prioritization — Patillas (Southeast Region)

Priority Level

Objective

Goal A: Improve transportation system performance

Reduce
congestionand 10 50 3 12 4 12 6 12 5 5 91
travel time

Optimize the
use of
transportation
assets and
balance the
efficiency of
previous
investments

Maintain
transportation
assets in good

condition

10 50 9 36 5 15 2 4 1 1

Improve
administrative
and operation
cost efficiency

Improve safety
and security of
the system and 9 45 7 28 5 15 3 6 3 3 97
it emergency
capability

Goal B: Promote environmental sustainability
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Priority Level

Objective

Minimize
adverse impacts
to natural and 8 40 9 36 3 9 3 6 4 4 95
built
environments.

Reduce
greenhouse gas
emissions,
energy 10 50 5 20 5 15 5 10 2 2
consumption
and improve air
quality.

Support the
integration of 6 30 1 4 6 18 6 12 8 8
land use plans

Improve the
strategies of
alternative 2 10 3 12 6 18 8 16 8 8
modes and
travel demand.

Reduce the
vulnerability of
the
transportation
infrastructure
to events and
natural
disasters.

Goal C: Improve transportation mobility and access for people and freight

Improve
connectivity
among primary
activity centers,
including
employment,
tourism and
high density
residential
districts.

10 50 4 16 5 15 3 6 5 5 92

Improves
system
integration 3 15 4 16 6 18 8 16 6 6
between and
within modes.

Increase travel
options for
residents, 4 20 4 16 8 24 5 10 6 6 76
visitors and
workers
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Priority Level

Objective

Concentrate
investments in
the areas of
greatest benefit
to the user.

Facilitate access
to
transportation
to
disadvantaged
populations.

11 55

Goal D: Reinforce economic vitality

Improve
economic
competitiveness
by facilitating
the efficient
movement of
goods and
services

5 15 14 28 7 7 n/a n/a

Public-private

opportunities 10 30 5 10 10 10 nfa n/a

Provide

strategic

connectivity
and capacityin 15 45 4 8 7 7 n/a n/a
the network

throughout

Puerto Rico

Source: SDG

Figure E.126: Transportation Strategies — Patillas (Southeast Region)

= Infrastructure Vulnerabilivy

= Erwdironment & Sustainability

= Balance Transportation
System

= G500 Conditions Facilities

8 Non-matarired
IMprove ments

= Transt Improvemeants -
publico

= Reduce Congestions

Source: SDG
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Figure E.127: Transit Improvements — Patillas (Southeast Region)

= Mare transil coverage/routes
in the region

= Transit stops near my home
or wark place/study

= More chances to do direct
journgy’s.

= More security at stops and
vehicles

= Batter accessibility at stops
and vehicles

Source: SDG

Figure E.128: Announcement - Patillas

iParticipa en la
segunda Casa Abierta!

Source: SDG

umAr—
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Figure E.129: Open House Participants — Patillas

Source: SDG

Figure E.130: Attendance Lists — Patillas
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2da Ronda Casa Abierta
Plan de Transportacion Multimodal a Largo Plazo 2045 m W
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Ponce

Table E.36 to Table E.38 and Figure E.131 to Figure E.135, show the results, photos and
participants list of Ponce (South Region).

Table E.36: Participants Agreement with the Vision — Ponce (South Region)

Vision Agreement

Agree 56%
Suggestions 44%
Source: SDG

Table E.37: Participants Goals Prioritization — Ponce (South Region)

Priority Level

1 Priority 2 Priority 3 Priority 4 Priority
Goal A 3 12 6 18 6 12 11 11
Goal B 10 40 6 18 5 10 4 4
Goal C 8 32 6 18 6 12 5
Goal D 4 16 7 21 8 16 5
Source: SDG
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Table E.38: Participants Objectives Prioritization — Ponce (South Region)

Priority Level

Objective

Goal A: Improve transportation system performance

Reduce
congestionand 4 20 4 16 1 3 8 16 7 7
travel time

Optimize the
use of
transportation
assets and
balance the
efficiency of
previous
investments

Maintain
transportation
assets in good

condition

Improve
administrative
and operation
cost efficiency

Improve safety
and security of
the system and 7 3 6 24 7 21 1 2 3 3 85
it emergency
capability
Goal B: Promote environmental sustainability
Minimize
adverse impacts
to natural and 9 45 5 20 3 9 4 8 3 3

built
environments.

Reduce
greenhouse gas
emissions,
energy 6 30 6 24 6 18 3 6 3 3
consumption
and improve air
quality.

Support the
integration of 6 30 1 4 2 6 8 16 7 7
land use plans

Improve the
strategies of
alternative 2 10 5 20 5 15 7 14 5 5
modes and
travel demand.
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Objective

Reduce the
vulnerability of
the
transportation
infrastructure
to events and
natural
disasters.

2 10 5 20 11 33

Priority Level

2 3 3 68

Goal C: Improve transportation mobility and access for people and freight

Improve
connectivity
among primary
activity centers,
including
employment,
tourism and
high density
residential
districts.

Improves
system
integration 0 0 5 20 6 18
between and
within modes.

Increase travel
options for
residents, 7 35 4 16 8 24
visitors and
workers

Concentrate
investments in

the areas of 5 25 8 32 3 9
greatest benefit

to the user.

Facilitate access
to
transportation
to
disadvantaged
populations.

10 50 3 12 6 18

Goal D: Reinforce economic vitality

Improve
economic
competitiveness
by facilitating
the efficient
movement of
goods and
services

12 13 26 7

Public-private

" 21 7 14 10
opportunities

14 4 4

14 6 6

4 3 3
6 4 4
4 3 3

7 n/a n/a
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Priority Level

Objective

Provide
strategic
connectivity
and capacity in
the network
throughout
Puerto Rico

16 48 4 8

Source: SDG

Figure E.131: Transportation Strategies — Ponce (South Region)

= [nfrastructure Vulnerability

= Erwironment & Sustainability

= Balance Transportation
System

= Good Conditions Facilities

= Non-motorized
Improvements

= Transit Improvwements
publico

= Reduce Congestions

Source: SDG

Figure E.132: Transit Improvements — Ponce (South Region)

= Mare transit coveragefroutes
in Uhe region

= Transil stops near my home
or work place fstudy

s Maore chances 1o do direct
journey's,

s More security at stops and
vehicles

= Batter accessibility at stops
and vehicles

Source: SDG
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Figure E.133: Announcement — Ponce

iParticipa en la
segunda Casa Abierta!

Una oportunidad para que puedas discutir sobre la
vision de la transportacion de Puerto Rico con el

AUTORIAD O CAPRETERAS T TRANSPORTACAON

equipo del

Plan de Transportacién Multimodal a Largo Plazo
2045.

;Cuando? Miércoles, 14 de marzo de 2018

iHora? 4:00pm - 7:00pm

;Doénde? Escuela de Arquitectura - Universidad Catdélica

9237 Calle Marina Antiguo Edificic Fortaleza en Ponce

Estos talleres serdn conducidos en un formato “casa abierta”, donde usted puede
asistir en cualquier momento durante las horas de la reunién y permanecer el
tiempo gue usted prefiera para obtener informacién de primera mano.

La participacidn ciudadana es un componente fundamental en este proceso de
elaboracién del Plan, le invitamos a que sea parte del proceso. Los ciudadanos y
organizaciones, que deseen asistir a los Talleres Informativos pueden escoger el
lugar gue sea mas conveniente. Para mayor informacion puede llamar al (787)
721-8787 extension 3604 o escribir al 2045_PRLRTP@dtop.pr.gov.

Source: SDG

Figure E.134: Open House Participants — Ponce
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Figure E.135: Attendance Lists — Ponce
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F APPENDIX F - MODEL
DEVELOPMENT AND CALIBRATION

RE-ESTIMATION OF POPULATION SYNTHESIZER MODELS

Since the census tract and PUMS data serve as inputs to the models which support the
population synthesizer, those models were re-estimated to reflect changes in demographics.
These models estimate:

e The distribution of household sizes as a function of a zone’s average household size;

e The distribution of income groups as a function of a zone’s average household income;

e Numbers of workers, children and seniors as a function of a household’s average size and
income group; and

e Auto ownership as a function of household demographics.

This section presents the models above and compares them to those in the prior 2040 PR LRTP
Model.

Household Size Distribution

The household size distribution model estimates the percentage of each census tract’s
households which are sizes 1, 2, 3 and 4+, based on the overall average size. The best-fit
models were determined by regression models analogous to those developed for the 2040 PR
LRTP Model. As it occurred previously, the % Size 1 and % Size 4+ models were determined
first, since those can be expected to change monotonically with average household size. Then,
a model was fit for the relative percentages of Size 2 vs. Size 3 households. The resultant
equations were:

% Sizel = 2.098 x e~ 0-741x(Avg HH Size)
% Sized+= 0.0254 x e07412x(Avg HH Size) _ () 0533
% Size3 = (1 — %Sizel — %Sized+) x ¢0-0703x(Avg HH Size) 4 () 1845
% Size2 = (1 — %Sizel — %Size3 — %Sized+)

Figure F.1 illustrates the trend lines implied by the above equations. The trendlines of shares
of household distribution by household sizes reveal very little difference compared to those
from the 2040 LRTP Model obtained in the development of the original tool.
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Figure F.1: Household Size Distribution Model Trends
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Source: SDG

Income Group Distribution

Similar to the household size distribution models, the income group distribution model
estimates the percentage of each census tract’s households which are in each of the three
income groups needed for the production models®3, based on overall average. The best-fit
models were determined by regression models analogous to those developed for the 2040 PR
LRTP Model. As it occurred previously, the % Income Group 1 and % Income Group 3 models
were determined first, since those can be expected to change monotonically with average
household size. Then, the percentage of households in income group was obtained by
subtracting the other two percentages from 100%. The resultant equations were:

%Income Groupl = 1.0401 X e (=3x107%)x(4vg Income)
%Income Group3 = (2 x 10%) x (Avg Income)7223
%Income Group2 = 1 — %Income Groupl — %Income Group3

Figure F.2 illustrates the trend lines implied by the above equations. Comparison to the 2040
LRTP Model documentation reveals very little difference between these trend lines and those
obtained in the development of the original tool.

13 The three household income groups are defined as $0-$25,000, $25,000-575,000 and over $75,000
annually.
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Figure F.1: Income Group Distribution Model Trends
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Number of Workers, Children and Seniors

To estimate distributions of numbers of workers, children and seniors, it is necessary to use
the PUMS data, since that level of detail is not available from the census or ACS data. These
distributions do not need to be estimated with regression models, but are obtained directly
from cross-classification data between household size —income group combination and the
desired data field (workers, children or seniors).

Table F.1: Number of Workers Distribution

2010 Model (2006-2008 PUMS Data) 2016 Model (2012-2016 PUMS Data)

Income 0 2 3+ 0 2 3+ Workers

Group | Workers Workers | Workers | Workers Workers
1 1 0.701 0.299 n/a n/a n/a n/a
1 2 0.189 0.811 n/a n/a No Data n/a n/a
1 3 0.081 0.919 n/a n/a n/a n/a
2 1 0.549 0.353 0.098 n/a 0.687 0.272 0.041 n/a
2 2 0.208 0.423 0.369 n/a 0.343 0.418 0.239 n/a
2 3 0.079 0.315 0.606 n/a 0.174 0.375 0.451 n/a
3 1 0.314 0.461 0.201 0.024 0.517 0.401 0.077 0.005
3 2 0.055 0.319 0.498 0.129 0.124 0.449 0.365 0.062
3 3 0.021 0.173 0.581 0.224 0.042 0.355 0.492 0.111
4 1 0.248 0.424 0.274 0.054 0.449 0.436 0.100 0.015
4 2 0.018 0.212 0.564 0.206 0.059 0.361 0.447 0.133
4 3 0.005 0.138 0.601 0.256 0.013 0.208 0.513 0.266

Source: SDG analysis of household data TAZ allocation

Table F.1 compares the number of workers distribution obtained from the PUMS data
supporting the 2040 LRTP Model and the updates PUMS data. Overall, this table differed more
from the 2040 LRTP Model than any other component of trip generation. There were
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significant increases in the percentages of households with zero workers, and in many cases 1
worker, and consequently significant decreases in the percentages of 2 and 3+ (where
applicable) workers. As a result, one would expect significant decreases in the number of
home-based work trips generated in the production models. This will be discussed in the
comparison of trip generation output later in this section.

Note also that the updated PUMS data did not include any information regarding numbers of
workers in households of size 1. The same distribution as in the 2040 LRTP Model was used,
due to lack of available data.

Table F.2: Number of Children Distribution

2010 Model (2006-2008 PUMS Data) 2016 Model (2012-2016 PUMS Data)

Income 0 1 P 3+ 0 1 P 3+

Group | Children | Children | Children | Children | Children | Children | Children | Children
1 1 1.000 n/a n/a n/a 1.000 n/a n/a n/a
1 2 1.000 n/a n/a n/a 1.000 n/a n/a n/a
1 3 1.000 n/a n/a n/a 1.000 n/a n/a n/a
2 1 0.874 0.126 n/a n/a 0.864 0.136 n/a n/a
2 2 0.928 0.072 n/a n/a 0.932 0.068 n/a n/a
2 3 0.973 0.027 n/a n/a 0.963 0.037 n/a n/a
3 1 0.404 0.359 0.238 n/a 0.410 0.337 0.253 n/a
3 2 0.548 0.393 0.058 n/a 0.561 0.384 0.055 n/a
3 3 0.558 0.422 0.020 n/a 0.529 0.448 0.023 n/a
4 1 0.093 0.150 0.365 0.391 0.127 0.180 0.396 0.298
4 2 0.192 0.229 0.401 0.178 0.218 0.238 0.425 0.119
4 3 0.222 0.191 0.427 0.160 0.282 0.217 0.412 0.089

Source: SDG analysis of household data TAZ allocation

Table F.2 and Table F.3 compare, respectively, the number of children (age 17 or less)
distribution and the percentage of households with one or more senior (age 65+). These
distributions, along with the household size, income group, number of workers, and auto
ownership, categorize the households into subgroups for subsequent application of the trip
production models. Both these tables showed little difference from earlier results supporting
the 2040 LRTP Model.

Table F.3: Percentage of Households with 1 or More Seniors

m 2010 Model (2006-2008 PUMS Data) 2016 Model (2012-2016 PUMS Data)
1

1 0.519 0.494
1 2 0.224 0.253
1 3 0.174 0.254
2 1 0.521 0.491
2 2 0.395 0.423
2 3 0.305 0.339
3 1 0.273 0.227
3 2 0.289 0.288
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m 2010 Model (2006-2008 PUMS Data) 2016 Model (2012-2016 PUMS Data)
3

3 0.236 0.205
4 1 0.150 0.122
4 2 0.203 0.190
4 3 0.182 0.189

Source: SDG analysis of household data TAZ allocation

Auto Ownership Model

Using the 2012-16 PUMS data, the auto ownership model was re-estimated with the same
multinomial logit form used in the 2040 LRTP Model with the 2006-08 PUMS data. For the
most part, the variables and coefficients did not change significantly from the earlier
estimation. The major difference was that the number of children in a household was found
not to influence the auto ownership in a statistically significant way. The presence of children,
regardless of the number, was found to be a better predictor of auto ownership.

To summarize, the variables found to influence the number of autos per household were:

e Income Group — households with higher incomes are likely to own more autos

e  Workers — households with more workers are likely to own more autos

e  Adults — households with more adults are likely to own more autos

e  Child_dummy (0=no children, 1=one or more children) — households with children are
more likely to own autos than households without children, but the number of children
does not significantly influence the number of autos

The utility equations for the model are:
Utility (zero autos) = 0

Utility (one auto)
= 1.06 X IncGrp + 0.56 X Workers + 0.14 X Adults
+ 0.016 x Child_Dummy

Utility (two autos)
= 1.94 X IncGrp + 1.11 X Worders + 0.52 x Adults
+ 0.11 X Child_Dummy

Utility (three autos)
= 2.41 X IncGrp + 1.48 X Workers + 1.25 X Adults
+ 0.072 x Child_Dummy

All variables were statistically significant at the 95% or greater confidence level.

“

Table F.4 compares the model’s “raw” (i.e. before trip balancing) productions to attractions,
before and after the changes discussed above. For all but one trip purpose (home-based
school), the balance either improved or remained very similar to before. As will be discussed
later in this section, the home-based school productions are likely overestimated, and the data
supporting home-based school productions models are generally less reliable than the data
supporting home-based school attractions models (school enroliment).
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Table F.1: Ratio of “Raw” Productions to Attractions by Trip Purpose

Trip Purpose 2040 PR LRTP Model 2045 PR LRTP Model Update

Home-Based Work 0.98 1.06

Home-Based Retail 2.05 1.93

Home-Based School 2.61 3.03

Home-Based University 0.74 1.05

Home-Based Other 0.79 0.91

Non-Home Based 0.72 0.70
Source: SDG

CHANGES TO TRIP BALANCING METHODOLOGY

In addition to updating the data and re-estimating the population synthesizer models as
discussed above, SDG conducted a full review of the methodology was conducted finding
several items to be addressed, all related to balancing productions and attractions. These
included:

e A “validation factor” of 1.45 for home-based work attractions;

e The balancing alternative (balancing to productions vs attractions) for several trip
purposes; and

e  Trip balancing within each MPO individually.

This section discusses each of the above items, explains why they were changed, and the
impact each had on trip generation.

Home-Based Work Attraction Validation Factor

The trip generation models in the 2040 PR LRTP Model estimated very similar numbers of
home-based work productions and attractions, with attractions just 1.7% higher. However,
that was after a “validation factor” of 1.45 was applied to all HBW attractions; the models in
their raw form estimated only about 70% as many attractions as productions.*

With the reductions in numbers of workers reflected in updated TAZ inputs, the HBW
productions fell by about 27 percent. Thus, the 1.45 validation factor felt unnecessary (its
original purpose was to bring total attractions up to a level closer to productions), and the
HBW attraction models could be used without adjustment. After removing this factor, HBW
attractions were only about 6% lower than HBW productions.

Balancing to Productions vs Attractions

It is generally recognized that population is more accurate than employment data, and
therefore standard practice in travel demand models to balance trips for most trip purposes to
productions rather than attractions. For the trip purposes where this is done, attraction
models are applied to each TAZ individually, but the results are all scaled up or down to match
the total number of productions. The exception to this is school and university trips, because
attractions depend on student enrollment, a pretty reliable source of information. Non-home-

141,017 divided by 1.45 equals about 0.70.
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based trips are often done with a hybrid methodology, setting the total trips to the total
productions, but the productions equal to the attractions for each TAZ.

Table F.5 shows the balancing methodology used in the 2040 PR LRTP Model and the
methodology implemented for the update. It is worth noting that home-based work, home-
based school and home-based university trips are balanced differently.

It is generally recognized that population is more accurate than employment data, and
therefore standard practice in travel demand models to balance trips for most trip purposes to
productions rather than attractions. For the trip purposes where this is done, attraction
models are applied to each TAZ individually, but the results are all scaled up or down to match
the total number of productions. The exception to this is school and university trips, because
attractions depend on student enrollment, a pretty reliable source of information. Non-home-
based trips are often done with a hybrid methodology, setting the total trips to the total
productions, but the productions equal to the attractions for each TAZ.

Table F.1: Trip Balancing Methodology

Trip Purpose 2040 PR LRTP Model 2045 PR LRTP Model Update

Home-Based Work Balance to Attractions Balance to Productions
Home-Based Retail Balance to Productions Balance to Productions (no change)
Home-Based School Balance to Productions Balance to Attractions

Home-Based University Balance to Productions Balance to Attractions

Home-Based Other Balance to Productions Balance to Productions (no change)

NHB Method (Balance Total Trips
to Total Productions, set each TAZ’s
productions equal to scaled
attractions)

Non-Home Based NHB Method (no change)

Source: SDG

Balancing Across MPOs

The travel demand model contains seven different MPOs following geographic division shown
in Figure B.3. In the 2040 LRTP version, each MPQ'’s trips were balanced individually. In other
words, the trip balancing step was applied in a manner that resulted in each MPO having equal
numbers of productions and attractions for each trip purpose. However, that approach is too
restrictive, and it should be possible for individual MPOs to have more productions than
attractions for any given trip purpose, as long as total productions and attractions balance
island-wide. Hence, the individual MPO balancing restriction have been removed.

MODEL VALIDATION

The trip distribution of 2040 PR LRTP Model was calibrated by the average trip lengths and the
trip length frequency distributions calculated from the 2011 Puerto Rico household survey. To
examine the changes of travel patterns in the past five years, it was proposed to conduct a
new household survey for information on origin-destination travel data for all trip purposes.
However, due to Hurricane Irma and Hurricane Maria in Summer 2017 causing great damage
to the island, the planned island wide household survey was postponed. Because of this delay,

<% & & i T e@@E

Final Report December 2018 |
222



APPENDIX F - MODEL DEVELOPMENT AND CALIBRATION

it was not possible to update the trip length frequency distribution calculation, or re-estimate
coefficients of the gamma function from the survey results.

A limited validation to the trip distribution step with three measures was conducted:

e MPO-to-MPO travel patterns;
e Average trip length; and
e Trip length frequency distribution.

MPO-to-MPO Travel Patterns

The main sources of data to validate the trip distribution of home-based work trips for the
2045 PR LRTP Model include the following:

e  2005-2009 Census Journey-to-Work travel between MPO regions;
e 2006-2010 Census Journey-to-Work travel between MPO regions; and
e 2012-2016 PUMS Journey-to-Work travel between MPO regions.

The greatest change between the two sets of CTPP data was within the East MPO, with an
increase from 64% to 72% within the region, and a reduction from 35% to 27% from East MPO
to San Juan. The MPO-to-MPO travel patterns derived from PUMS journey-to-work data were
based upon 26,292 observations and were distinctly different for Aguadilla, North, South, and
Southwest MPO Regions. All had declined intra-region travels in comparison to CTPP data.

Table F.6 presents a comparison of the MPO-to-MPO work trip travel patterns between the
model estimates and the work flows from the data sources discussed above. The percentages
are the shares of trips from an origin MPO to each destination MPO. Both Census data and the
model estimates indicate the majority of work trips are intra MPO region trips. Overall, the trip
distribution model produced a reasonable HBW travel pattern. The estimated percentages of
MPO-to-MPO travel patterns were close to the targets.

It was not possible to fully validate the trip distribution of other trip purposes because of the
lack of updated targets from the household survey. In Table F.7 and Table F.8 a comparison of
the estimated MPO-to-MPO travel patterns of the home-based other®® trips and non-home
based trips in 2016 to the 2040 PR LRTP estimates in 2010 is shown. All changes seem in a
reasonable range.

15 HBO trips summarized in Table 18 combined with home-based other, home-based retail,
home-based school, and home-based university trips.
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Table F.1: Municipality-to-Municipality Travel: HBW Trips

Destination MPO Region

Origin
MPO

Region

Aguadilla San Juan Southeast Southwest

Aguadilla 81.8% 80.8% 65.5% 79.6%  0.0% 0.0% 0.0% 0.0% 5.5% 4.5% 17.4%  9.1% 3.2% 2.8% 2.2% 0.5% 0.3% 0.4% 0.5% 0.4% 0.0% 0.1% 0.0% 0.0% 9.2% 11.4% 14.4% 10.5%

East 0.1% 0.1% 0.0% 0.0% 64.4% 72.2% 64.4% 64.6% 0.0% 0.1% 0.2% 0.0% 348% 27.1% 352% 34.7% 0.3% 0.2% 0.0% 0.2% 0.2% 0.3% 0.1% 0.5% 0.1% 0.0% 0.0% 0.0%
North 3.2% 3.1% 12.6% 16.1% 0.0% 0.0% 0.0% 0.0% 81.3% 79.7% 585% 64.5% 149% 14.5% 10.9% 14.4% 0.2% 2.0% 16.4% 3.1% 0.0% 0.1% 0.2% 0.0% 0.7% 0.5% 1.3% 1.8%
San Juan 0.1% 0.1% 0.3% 0.6% 0.6% 0.8% 3.1% 1.4% 0.8% 0.7% 2.1% 3.3% 97.7% 97.6% 92.2% 91.1% 0.3% 0.3% 1.0% 2.3% 0.3% 0.3% 1.1% 1.1% 0.7% 0.1% 0.3% 0.2%
South 0.2% 0.2% 0.5% 1.1% 0.0% 0.0% 0.0% 0.0% 0.3% 0.7% 17.3% 2.2% 6.2% 5.8% 3.3% 3.6% 88.1% 87.5% 743% 82.4% 2.5% 2.9% 2.5% 1.7% 2.7% 2.9% 2.1% 9.1%

Southeast 0.1% 0.2% 0.0% 0.3% 0.2% 0.1% 0.0% 0.4% 0.5% 0.3% 0.8% 0.6% 14.1% 13.1% 20.2% 27.3% 9.2% 7.5% 8.2% 27.0% 75.8% 78.6% 70.8% 43.4% 0.1% 0.2% 0.0% 1.0%
Southwest 3.0% 4.0% 17.7%  13.2% 0.0% 0.0% 0.0% 0.0% 0.2% 0.2% 2.1% 0.4% 1.9% 1.8% 0.6% 0.0% 4.5% 4.1% 4.1% 8.0% 0.2% 0.2% 0.1% 0.0% 90.2% 89.7% 75.5% 78.4%

Source: SDG analysis of Trip Distribution

Table F.2: Municipality-to-Municipality Travel: HBO Trips

- Destination MPO Region
Origin

MPO Aguadilla San Juan Southeast Southwest
Region

Aguadilla  84.1% 84.0% 0.0% 0.0% 92% 66% 01% 01% 01% 02% 0.0% 0.0% 6.4% 9.0%
East 0.0% 0.0% 751% 80.0% 0.0% 00% 248% 198% 0.0% 00% 0.1% 0.1% 0.0% 0.0%
North 71% 11.8% 0.0% 0.0% 812% 76.5% 10.3% 8.7% 13% 23% 00% 0.0% 02% 0.7%
SanJuan 0.0% 0.1% 0.9% 1.7%  0.7% 1.4% 97.5% 94.8% 0.4% 1.4% 05% 06% 0.0% 0.0%
South 02% 02% 0.0% 0.0% 1.3% 15% 22% 21% 89.7% 89.4% 2.6% 16% 4.0% 52%
Southeast 0.0% 0.0% 0.1% 02% 0.1% 0.2% 12.4% 153% 10.1% 25.1% 77.4% 59.1% 0.0% 0.2%
Southwest 9.2% 81% 0.0% 00% 03% 03% 00% 00% 55% 55% 00% 0.0% 850% 86.2%

Source: SDG analysis of Trip Distribution

Table F.3: Municipality-to-Municipality Travel: NHB Trips

. . Destination MPO Region
Origin

MPO Aguadilla San Juan Southeast Southwest
Region

Aguadilla  79.6% 82.8% 0.0% 0.0% 107% 89% 02% 0.1% 02% 02% 0.0% 0.0% 93% 8.1%
East 0.0% 0.0% 69.0% 773% 0.0% 0.0% 30.9% 22.6% 0.0% 00% 01% 0.1% 0.0% 0.0%
North 9.9% 9.1% 0.0% 0.0% 784% 80.9% 9.7% 7.9% 1.8% 1.8% 0.0% 0.0% 02% 0.2%
SanJuan 0.0% 0.0% 0.9% 1.1%  0.9% 1.2% 97.2% 96.7% 0.4% 05% 0.6% 06% 0.0% 0.0%
South 02% 0.2% 0.0% 0.0% 1.3% 1.6% 26% 23% 882% 88.4% 3.6% 28% 42% 4.6%
Southeast 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 16.5% 16.5% 13.2% 15.8% 70.2% 67.4% 0.0% 0.0%
Southwest 11.2% 10.1% 0.0% 0.0% 03% 03% 00% 00% 72% 6.0% 0.0% 00% 813% 83.6%

Source: SDG analysis of Trip Distribution
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Average Travel Time

Average trip length is an important measure to validate the reasonableness of trip
distribution. The average trip length was summarized with respect to travel time (minutes).
Travel times from origin zones to destination zones used in this summary were the shortest
among all transportation modes, namely auto, transit, and walking. Table F.9 and Figure F.3
show the modeled average trip length by trip purpose for 2010 and 2016, estimated by the
2040 and 2045 PR LRTP Models, respectively. Except for the high-income HBW trips, the
changes of the average travel time from 2010 to 2016 ranged from -1% to 10%.

The travel time of the high-income HBW trips in 2016 was significantly longer than 2010
estimates, increased from 36 minutes to 50 minutes. It was also the longest travel time among
all trip purposes, even longer than medium and heavy trucks. Previously in the 2040 PR LRTP
Model, balancing trip productions and attractions were independent for each MPO. This kept
the total productions equal to attractions of each trip purpose within the MPO region. This
restriction was eliminated which allowed balancing trip ends across seven MPOs in the trip
generation step during the 2045 PR LRTP Model development/update. It resulted in the
significant trip attractions increase in San Juan and reductions in other regions, causing the
extended travel time of the high-income HBW trips.

Table F.1: Average Trip Length (Minutes) by Trip Purpose

Trip Purpose 2040 PR LRTP 2045 PR LRTP
Difference % Change
2010 Calibration 2016 Calibration

HBW — Low Income 27.9 29.6 6.1%
HBW — Medium Income 325 34.6 2.1 6.6%
HBW — High Income 36.0 50.5 14.5 40.4%
HBO 26.0 26.7 0.7 2.8%
HBR 21.2 22.8 1.7 7.9%
HBS 17.9 18.9 1.0 5.8%
HBU 31.6 34.8 3.2 10.2%
NHB 23.9 243 0.4 1.6%
coMm 18.2 18.4 0.3 1.5%
MTK 27.8 28.4 0.6 2.0%
HTK 31.1 31.5 0.5 1.5%
Total 24.8 26.9 2.2 8.7%

Source: SDG analysis of Trip Distribution
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Figure F.1: Average Trip Length Comparison (2010 vs. 2016)
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The percentages of intrazonal trips are summarized for all trip purposes in Table F.10. The
comparison shows that the shares of intrazonal trips in 2016 are generally close to those in
2010 calibration in the 2040 PR LRTP Model.

Table F.1: Shares of Intrazonal Trips by Trip Purpose

Trip Purpose 2040 PR LRTP 2045 PR LRTP

HBW — Low Income 1.2% 1.0%
HBW — Medium Income 0.8% 0.7%
HBW — High Income 0.5% 0.5%
HBO 1.4% 1.5%
HBR 1.8% 1.6%
HBS 6.0% 4.9%
HBU 0.4% 0.4%
NHB 2.7% 2.8%
comMm 5.2% 5.0%
MTK 2.3% 2.2%
HTK 2.9% 2.8%
Total 2.5% 2.0%

Source: SDG analysis of Trip Distribution

Trip Length Frequency Distribution

Beyond the aggregate measures of average travel time discussed above, next figures plot the
frequency distribution of trip lengths for all person trip purposes of 2010 and 2016 estimates
in Figure F.4. No significant variations in the trip length distribution in 2016 is observed.
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Figure F.1: Trip Length Frequency Distributions by Trip Purpose
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MODE CHOICE AND TRANSIT ASSIGNMENT

In this section the update to the mode choice and transit (Public Transportation or PT)
assignment is presented. Following this introduction, the section continues with a brief review
of the mode choice framework established for 2040 PR LRTP, including a summary of the level
of validation reported for the 2040 RP LRTP Model development. Improvements and updates
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undertaken by SDG for the 2045 Puerto Rico Long Range Transportation Plan (PR LRTP) are
presented, followed by the calibration and validation of these improvements. The final part of
this section presents a range of sensitivity tests to show how responsive the model is to
changes in input assumptions.

For this project, only a relatively minor update to the mode choice model was possible due to
Hurricane Maria. As discussed in previous sections, this has two primary impacts on the
project.

1. Due to the scale of the disaster, individuals trip making behavior was fundamentally
changed. Furthermore, the extent to which these changes are permanent or may revert
over the planning horizon for this project is unknown. As a result, the collection of
additional data during the aftermath of the hurricane was not considered to be
informative for the model.

2. In addition, following the hurricane progress on the PR LRTP was not possible due to
widespread flooding, and electricity and communication outages. Key contacts were also
rightly focusing on the humanitarian response which meant they were not able to provide
clarity on how the project should proceed. As a result, the time available for model
development was reduced and this meant that a full review and update of the modelling
was not possible.

Developments for the 2045 PR LRTP

As a result of Hurricane Maria, no data collection proposed as part of the original project
scope would be available for the model updates. In particular, the household travel survey
data would not be completed and analyzed in time to update the relevant model inputs. As
such, model development was relatively limited in scope. The main tasks are summarized as
follows.

e Updated inputs where new data is available

e Updated hierarchy of PT modes within the transit assighment

e Mode choice modelling of the peak and off-peak periods for each trip purpose
e Revalidation for Base Year 2016

Each of these tasks is discussed further in the subsections which follow.
Updated Inputs Where New Data Is Available

While no new household travel survey data was available for this project, other data updates
were incorporated into the model. These include

e The latest ACS (2012-2016) data, used to calculate work purpose mode shares.

e Updated transit data on Tren Urbano, Metro Urbano, and Metrobus (2017), Puerto Rico
Metropolitan Bus Authority (AMA) ridership (2016), and Publico trips (Check Ride data,
2015, National Transit Database, 2016) was used to produce more robust transit demand
estimates compared to that recorded in the HTS and ACS data. Collectively the HTS, ACS,
PT transit dataset is referred to as the SDG combined data set.

e The transit network, including fares, was updated based on the latest service specification
provided by Puerto Rico Integrated Transit Authority (PRITA).

The impacts of each of these data updates is discussed below:

e Target mode shares
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From the updated ACS, Census, and transit data a new snapshot of travel demand in Puerto
Rico was developed. At a high level the PT and non-motorized (NM) mode share was observed
to have increased slightly from the analysis undertaken for the 2040 LRTP. This is shown in
Figure F.5.

Figure F.5: Comparison of 2010 (2040 LRTP) and 2016 (2045 LRTP) Target Mode Shares
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These results are consistent with analysis contained in the 2040 PR LRTP. In particular, the
2040 PR LRTP shows that the journey to work data has a higher public transportation mode
share compared to the HTS data. As the new hybrid data set incorporates both HTS and
journey to work data it is expected that the updated target mode shares will therefore contain
a higher PT and NM share.

Given the limited available observed data on travel demand across Puerto Rico, it is prudent
for the analysis to take advantage of the all available data. For this reason, each data set was
used in the development of our target mode shares as follows.

e The HTS data is the broadest ranging data set available, however it’'s age and relatively
small sample size mean that it is appropriate to complement this data with other sources
where available. For this reason, the HTS data provided the starting point for the mode
share analysis. That is, initial target mode shares were calculated for all trip purposes.

e  Within the HTS data only a very small number of public transportation trips were
recorded. Furthermore, rail was not a valid mode choice option in the data providing
more evidence that PT trips are under recorded in this data set. As such the number of PT
trips in the HTS data was re-estimated based on the latest on board transit data provided
by PRITA for bus and rail. Publico patronage was obtained from the 2016 National Transit
Database.

e ACSjourney to work data for 2012-2016 was available for this study. Given the larger
sample size this data was used to infill the modal trip estimates for work based trip
purposes in the HTS data.

The net effect of this analysis on the initial HTS mode shares is shown in Table F.11.
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Table F.11: Target Mode Share Evolution.

m HTS only With On Board Transit Survey And Journey to Work

Auto 90.2% 91.3% 91.4%
Transit 4.2% 3.0% 2.8%
Non-Motorized 5.6% 5.7% 5.8%

Source: SDG combined data set

e Mode choice coefficients

Updated mode choice coefficients were produced based on the latest available median
household income data from the 2016 ACS data. The result of the analysis is presented in
Table F.12 and is based on the following assumptions recommended by USDOT revised VOT
Guidance 2016.

e  Value of time for commuters is 60% of their hourly wage;
e  Value of time for non-commuter trips is 50% of the island wide hourly wage; and
e  Hourly wage is median household income divided by 2,080.

Table F.12: Value of Time ($/hour, in 2016S)

Home-based work - Low

Income < $30,000 $15,000 $4.33
Home-based work - Med. $30,000 - $69,999 $50,000 $14.42
Income

e E R Sl i >= $70,000 $100,000 $28.85
Income

Home-based other $20,078 $4.83
Non-home based $20,078 $4.83

Source: SDG analysis

Note that the values of time calculated in the table above are for each trip purpose. In the
previous section — Trip Distribution — a separate value of time is used which is a weighted
average of the above values of all trip purposes.

Based on the value of time calculated above, the mode choice coefficients from the 2040 Long
Range Transportation Plan were scaled. Based on FTA guidance?®®, the coefficients for non-
home-based trips were scaled to be 1.8 times the home-based other trips. The mode choice
coefficients used for the 2045 Long Range Transportation Plan are shown in Table F.13 below.

16 FTA recommendations for mode choice model coefficients
(http://tfresource.org/Model_Validation_and_Reasonableness_Checking/Mode_Choice).
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Table F.13: Mode Choice Coefficients

Home-based Home-based Home-based
Parameter work — low work — medium work — high
income income income

Home-based Non-home
other based

In vehicle time

{mins) (0.0250) (0.0250) (0.0250) (0.0125) (0.0225)
Out of vehicle (0.0500) (0.0500) (0.0500) (0.0375) (0.0675)
time (mins)

Cost (USD) (0.3464) (0.1040) (0.0520) (0.1553) (0.2795)
Transfer penalty

(IVT mins) > > > > >
Premium IVT 0.7 0.7 0.7 0.7 0.7
Nest coefficient 0.5 0.5 0.5 0.5 0.5

Source: SDG analysis

The generalized cost equations in the mode choice have not changed from the 2040 PR LRTP
and are reproduced below. To do this the following definitions are required. For each mode M
and purpose P,

e Leta,b,c be the coefficients for in vehicle time IVT, out of vehicle time OVT, and cost;
and

e Denote byky p a real number constant.

e Then for each purpose P, define the Generalized Cost GCy, pfor each mode as follows:

GCAutO,P =a - IVT + b " OVT +cC- COSt + kAuto,P
GCryansitp =a *(IVT + 0.7 - IVT(Premium) + 5 - Transfers) + b - OVT + c- Cost
+ kTransit,P

— . 3
GCNonmotorized,P =b - OVT — Distance + kNonmotorized,P-
e Transit Network

The existing transit network was reviewed against transit service provided by PRITA. This
involved checking the following components of the model.

e Train, bus, and ferry routes: Following a review of the transit routes, it was observed
that from 2010 to 2016 there has been a rationalization of bus services within San
Juan, as described in Table F.14. Overall the coverage of the bus network has
changed, with an increased frequency in the remaining routes, although some
reductions do occur. Overall there is a net reduction in bus services in the peak and
off-peak periods as shown in the table below.

Table F.14: Total Bus Services — San Juan

Peak 82 73
Off peak 77 52

Sources: 2040 PR LRTP, Puerto Rico Integrated Transit Authority

Some specific key changes are listed below.
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e  Total number of distinct routes reduced from 40 to 30

e The Metro Urbano service from Toa Baja to Bayamon introduced
e Frequency of the Bayamon to Sagrado Corazon bus increased

e  Frequency of feeder buses south of the Tren Urbano reduced

A plot of the transit services included for the 2016 Base Year is included in Figure F.6.
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Figure F.6: Tren Urbano and Local Bus Services — 2016 — San Juan
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In addition to the above route changes, the wider transit network was reviewed and updated as
follows.

e  Publico terminal locations: No changes required.

e  Rail stations: No changes required.

e  Bus dwell times: Bus dwell times were reviewed and maintained at 1 minute per stop.
The response of the model to change in bus dwell times has been included as a sensitivity
test.

e  Rail and ferry travel times: Travel times consistent with latest available timetable
information.

e Rail, bus, ferry, and Publico fares: PT fares were updated to be consistent with the
current fare structure, as shown in Table F.15. The main change is the inclusion of the
premium fare for Metrobus. Publico fares were not changed.

Table F.15: Transit Fares (in 2016S)

I S S

$1.5 $0.75 $0.5-2.25 $0.33 + $0.07/mile

Source: SDG analysis of transit service

Note that transfers between Rail and Local bus are free. For transfers between Rail and Metrobus
only cost the fare difference is paid.

Updated Hierarchy of PT Modes Within The Transit Assignment

For the 2045 PR LRTP, the hierarchy of PT modes was updated, as shown in Table F.16. Note that
level 1 is referred to as the highest level, with level 3 being the lowest level.

Table F.16: Hierarchy of Transit Modes

1 Publico Rail
2 Bus Publico
3 Rail Bus

Sources: 2040 PR LRTP, SDG

The hierarchy of modes is important as it determines how linked trips are classified. That is, a trip
using multiple PT modes will be classified based on the highest level mode used. Conceptually this
means that for the 2045 PR LRTP bus is a feeder for Publico and rail services, and Publico services
are a feeder for rail services. In practice this means that for bus based schemes the impacts on
demand can easily be reported based on whether only the bus scheme was used, or whether the
scheme was used as part of a longer linked trip.

Mode choice modelling of the peak and off-peak periods for each trip purpose

For the 2045 PR LRTP the mode choice model was improved to produce, for all trip purposes,
mode shares for both peak and off-peak periods. This was done so that the differing congestion
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and transit availability during peak and off-peak periods would be accounted for. This is important
for the following two reasons.

e To understand the current behavior; and
e To ensure that the attractiveness of future year interventions can be better understood.

The motivation for the above two reasons is discussed below.

Figure F.7 below demonstrates the significance of the time of day split on current behavior. In this
figure the time of day split for three core trip purposes is shown.

Figure F.7: Time of Day Travel by Trip Purpose.
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Source: SDG analysis of combined data set

From Figure F.7 it can be seen that there are generally more work purpose trips during the peak
periods while there are more non-work trips in the off-peak periods. Moreover, there are
different travel conditions during the peak and off-peak periods and different trip purposes
respond differently to these conditions. By including a peak and off-peak mode choice into the PR
LRTP model these differing impacts in the model have been captured.

Time of day also has implications for the future year forecasting. Individuals with different trip
purposes have different perceptions of the travel options. This is because the components of the
travel options vary by period, congestion and transit wait times for example. So, in order to
understand the attractiveness of future year interventions it is important to be able to capture
how the benefits of the different schemes vary across the day.

Previously for the 2040 PR LRTP the multi-modal model was developed with AM, Midday, PM,
Night highway assignments and peak and off-peak transit assignments. The mode choice model
however produced daily matrices for each trip purpose. Time of day disaggregation was then
applied using fixed time of day factors. However, the generalized costs used in mode choice were
based solely on trip purpose, with work trips assumed to be peak, and all other trip purposes
assumed to be off-peak. As demonstrated above, trips are made in all time periods. For this
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reason, the mode choice modelling was improved to forecast peak and off-peak mode shares for
all trip purposes.

Revalidation for Base Year 2016

Following the re-estimation of the target mode shares and the model development, a revalidation
of the mode choice model was undertaken. In this section the validation of both the mode choice
model and the public transportation assignment is presented.

HIGHWAY PATH BUILDING AND ASSIGNMENT

Highway Assignment

The PR LRTP model incorporates a multiclass assignment combining the passenger trip tables with
truck trip tables. For use in the highway assignment, vehicles were converted into Passenger Car
Equivalents (PCEsY’) using the following factors, commonly used in transportation modeling:

e Auto (SOV, HOV2, HOV3+): 1

e Commercial Vehicle: 1
e  Medium truck: 1.5
e Heavy truck: 2

Travel times are estimated based on the volume-delay relationship, which is implemented through
the volume-to-capacity (V/C) ratio on each link of the network. The PR LRTP model uses the
traditional Bureau of Public Road (BPR) formula.

VAP
TC=T0x(1+ax(E) )

Where:

T.: Link congested travel time

To: Link free-flow travel time

a, B: Alpha and Beta constants

V: Link volume in passenger car equivalents
C: Link capacity

Both Table F.17 and Figure F.8 show that the beta coefficient in the BPR formula was reduced on
both limited access highways and other types of roadways when the V/C ratio exceeded 1.0.

Table F.17: Adopted Constants in LRTP Volume-Delay Function

Road Type “ Beta (V/C <=1.0) Beta (V/C >1.0)

Limited Access Highway

17 PCEs are used in transportation modeling to reflect the greater amount of highway capacity utilized by
trucks.
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Road Type “ Beta (V/C <=1.0) Beta (V/C >1.0)
5.0 5.0

Other Roads 1.5
Source: PR LRTP Model

Figure F.8: LRTP Volume-Delay Function
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CALIBRATION RESULTS

The calibration of highway assignment focused on the standard comparison of the modeled
volumes to the observed counts by using various classifications and statistical measures of fit such
as Percent Error (%Error) and Percent Root Mean Squared Errors (%RMSE) by volume group. Both
%Error and %RMSE are commonly used to determine how closely estimated volumes replicate
observed count data. The formula for the %Error and %RMSE terms are as follows:

> Model;
> Count;

n — 32
O 100 x \/lel(Couni Modell)/
WRMSE = X, Counti/n

%Error =

Where

Count; i : is the observed traffic count for link i;

Model; : is the modeled traffic volume for link i; and

N is the number of links in the group of links including link i.

The overview highway assignment statistics were summarized in Table F.18 through Table F.22 to
depict different aspects and levels of comparison, including:
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e Volumes vs. counts by facility types;

e Volumes vs. counts by sub-regions (MPOs);

e Volumes vs. counts by area types;

e Volumes vs. counts on screenlines latter described; and
e  Truck volumes vs counts by facility types.

The model calibration statistics by facility and by area type between the estimated and observed
traffic are summarized in Table F.18 and Table F.19. In general, the PR LRTP model’s estimated
volumes in 2016 replicate the observed data reasonably well. The results indicate the overall the
modeled volumes are within 1% of the observed data at a regional level. During peak and off-peak
periods, the estimated volumes are 2.2% and 0.5% higher than the observed counts, respectively.
In a more disaggregate level, the variations between estimated and observed data are more
pronounced. The facility types and area types that have high deviation between modeled and
observed data consistently have very limited observed data.

Table F.18: Estimated Volumes vs. Observed Counts by Facility During Peak and Off-peak Periods

Number Peak Off-Peak
Facility of

Counts Observed | Modeled Observed | Modeled
Freeway/Toll 70 573,720 670,142  16.8% 59% 1,143,873 1,362,333 19.1% 56%
Expressways 139 959,061 930,153  (3.0%) 39% 2,141,450 2,024,012 (5.5%) 31%
Principal 57 167,567 182,888 9.1% 58% 344,872 370,117 7.3% 48%
Minor 95 289,831 260,359 - 58% 647,042 556,366 - 51%
Ramps 7 17,545 8,539 - 124% 36,010 22,322 - 132%
Total 368 2,007,724 2,052,081 2.2% 54% 4,313,245 4,335,151 0.5% 47%

Source: SDG Analysis of 2016 Model Calibration

Table F. 19: Estimated Volumes vs. Observed Counts by Area Type

Area Type Number of Counts Modeled % Difference %RMSE

High Density Urban Core 15,007 19,225 28.1% 37%
High Density Urban 77 1,540,255 1,559,781 1.3% 63%
Urban 74 1,546,260 1,387,902 (10.2%) 36%
Suburban Dense 67 1,190,151 1,177,445 (1.1%) 29%
Suburban 70 1,087,002 1,170,105 7.6% 34%
Exurban 43 641,277 754,652 17.7% 39%
Rural 35 301,017 318,121 5.7% 48%
Total 368 6,320,969 6,387,232 1.0% 45%

Source: SDG Analysis of 2016 Model Calibration

Table F.20 compares the volume by MPO between the PR LRTP model and available observed
count data. The comparison at the MPO level shows that the estimated and observed ratios by
MPO are in a reasonable range, from -13.5% to 6.4%. The ratios in most MPOs are within +/- 5.0%
although the Southwest MPO is underestimated by 13.5% and San Juan MPO is overestimated by
6.4%.
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Table F.20: Estimated Volumes vs. Observed Counts by MPO

-m_m Modeled 4RMISE

Aguadilla 1,009,846 950,667 (5.9%) 29%
East 3 50,358 49,354 (2.0%) 8%
North 30 235,535 247,258 5.0% 42%
SanJuan 128 2,696,286 2,870,021 6.4% 51%
South 78 1,226,298 1,293,853 5.5% 38%
Southeast 9 135,026 139,355 3.2% 67%
Southwest 51 967,621 836,724 (13.5%) 33%
Total 368 6,320,969 6,387,232 1.0% 45%

Source: SDG Analysis of 2016 Model Calibration

Figure F.9 shows a scatter plot of the average weekday link volumes (directional), with observed
counts plotted on the horizontal axis and modeled volumes plotted on the vertical axis. The grey
dashed line is the linear regression trend and the red solid line indicates the desired line when the
estimated volumes and counts are perfectly matched. The two red dashed lines demonstrate a
range of volume to count ratio from -20% to +20%.

Figure F.9: Scatter Plot of Modeled Volumes vs Observed Counts
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As part of model calibration efforts, the eight screenlines displayed in Figure F.10 were developed

to capture major highway facilities and cross the most count locations. These screenlines helped
gauge the traffic movement between regions and eventually adjust the distribution of trips.

& @B i TR

Final Report December 2018 | 239



APPENDIX F - MODEL DEVELOPMENT AND CALIBRATION

Figure F.10: Screenline Locations
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Table F.21 provides the statistics of model performance in respect to estimated and observed
total (autos and trucks) volumes on screenlines. The ratios of model volumes and observed counts
are mostly within tolerance and the ratio of 8.9% at the combined regional level are generally
reasonable.

Table F.21: Estimated Volumes vs. Observed Counts on Screenlines

| screenline | Numberof | _Observed | Modeled | _%Difference | _%RMSE

1 8 104,819 105,124 0.3% 12%
2 3 52,021 51,028 (1.9%) 25%
3 4 129,983 163,192 25.5% 31%
4 5 117,964 173,679 47.2% 55%
5 6 162,172 166,372 2.6% 17%
6 8 112,924 125,661 11.3% 37%
7 7 132,083 99,030 (25.0%) 40%
8 10 82,200 89,526 8.9% 26%
Total 51 894,164 973,613 8.9% 35%

Source: SDG Analysis of 2016 Model Calibration

The volume comparison by facility type of truck traffic is shown in Table F.22. This table provides
the volume calibration in terms of the GEH statistics, which is another common measure
calculated to determine how well estimated traffic matches observed counts. The GEH statistic is
calculated using hourly volumes as:

(Model; — Count;)?
(Model; + Count;) * 0.5

GEH =

Where:
Count; is the observed hourly traffic count for link i;
Model; is the modeled hourly traffic volume for link i.

GEH values less than 5 indicate a good fit of observed levels®®, while GEH values greater than 10
indicate that more attention may be needed on a specific location of the model. The statistics in
this table show the truck assignment performs well at aggregated level by facility type.

Table F.22: Estimated Truck Volumes vs. Observed Truck Counts by Facility Type

Number Medium Truck Heavy Truck
Facility of
Counts Observed Modeled Observed Modeled
Freeway/Toll 70 65,568 58,440 (11%) 5.8 20,293 18,961 (6.6%) 1.9
Expressways 139 132,113 123,680 (6%) 4.8 53,083 49,820 (6.1%) 2.9

18 Wisconsin Department of Transportation Microsimulation Guidelines: Acceptance criteria for the model
(http://www.wisdot.info/microsimulation/index.php?title=Model_Calibration)
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Number Medium Truck Heavy Truck
Facility of
Counts Observed Modeled Observed Modeled
Principal 57 19,762 16,228 (18%) 5.4 7,825 5,631 - 5.5
Minor 95 29,206 25,698 (12%) 4.3 6,665 8,769 31.6% 4.9
Ramps 7 2,152 1,009 (53%) 5.9 1,092 332 - 5.8
Total 368 248,800 225,055 (10%) 10.0 88,958 83,514 (6.1%) 3.8

Source: SDG Analysis of 2016 Model Calibration

Model Elasticity on Tolls

As part of the model validation, reasonableness check of the model elasticity of travel demand
with respect to tolls was performed. The base toll rates in the 2016 scenario were increased by
100%, and compared the daily transactions to those in the base 2016 model. The results show
that by doubling the highway toll, the daily transactions reduce by 43%, indicating a -0.43
elasticity, as seen in Table F.23. Research by the Victoria Transport Policy Institute!® summarizes
from various studies that the elasticity of traffic volumes to tolls ranges widely from -0.1 to -0.82.
This proves that the toll elasticity of the 2045 PR LRTP model is within expected range.

Table F.23: Toll Elasticity

Base Case Original 599,073
Double Toll Case Doubled 343,523
% Changes 100% (43%)

Source: SDG Analysis of Model Elasticity

% http://www.vtpi.org/elasticities.pdf.
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G APPENDIX G- MODEL NETWORK
COMPARISON

COMPARISON 2040 MODEL NETWORK VS 2016 MODEL

Table G.1: Networks Comparison

“m Classification Municipality MPO Region

0 0 South MPO
1 2 TERTIARY NETWORK Ponce South MPO
2 1 PR-123 Adjuntas North MPO
3 1 PRIMARY NETWORK South MPO
4 1 TERTIARY NETWORK Ponce South MPO
5 1 PRIMARY NETWORK South MPO
6 1 TERTIARY NETWORK Ponce South MPO
7 2 PRIMARY NETWORK South MPO
8 2 PR-10 Utuado North MPO
9 1 PR-123 Adjuntas North MPO
10 0 North MPO
11 1 Barceloneta North MPO
12 1 Arecibo North MPO
13 2 PRIMARY NETWORK Adjuntas North MPO
14 2 TERTIARY NETWORK Ponce South MPO
15 0 South MPO
16 1 Arecibo North MPO
17 3 PRIMARY NETWORK South MPO
18 1 Arecibo North MPO
19 1 Arecibo North MPO
20 1 PR-123 Adjuntas North MPO
21 3 PRIMARY NETWORK Ponce South MPO
22 0 North MPO
23 1 ciz Arecibo North MPO
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ciz Arecibo North MPO
25 2 PR-10 Utuado North MPO
26 0 North MPO
27 3 PRIMARY NETWORK Ponce South MPO
28 2 PR-10 Utuado North MPO
29 1 Arecibo North MPO
30 1 Arecibo North MPO
31 1 Tertiary Orocovis San Juan MPO
32 1 Arecibo North MPO
33 1 Secondary Orocovis San Juan MPO
34 1 Tertiary Orocovis San Juan MPO
35 1 Tertiary Orocovis San Juan MPO
36 1 Secondary Orocovis San Juan MPO
37 1 Tertiary Orocovis San Juan MPO
38 1 Tertiary Orocovis San Juan MPO
39 2 PRIMARY NETWORK URB Ponce South MPO
40 1 Tertiary Orocovis San Juan MPO
41 1 Tertiary Orocovis San Juan MPO
42 1 PR-123 Adjuntas North MPO
43 1 PR-140 Barceloneta North MPO
44 1 ciz Arecibo North MPO
45 1 RAMPA-RP Ponce South MPO
46 0 South MPO
47 0 South MPO
48 0 South MPO
49 0 South MPO
50 3 PRIMARY NETWORK Ponce South MPO
51 1 TERTIARY NETWORK South MPO
52 0 South MPO
53 1 Secondary Orocovis San Juan MPO
54 1 TERTIARY NETWORK South MPO
55 1 Secondary Orocovis San Juan MPO
56 0 North MPO
57 2 Primary Vega Baja San Juan MPO
58 1 Arecibo North MPO
59 1 Tertiary Orocovis San Juan MPO
60 2 PRIMARY NETWORK URB Ponce South MPO
61 2 Primary Vega Baja San Juan MPO
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“m Classification Municipality MPO Region
62

1 Utuado North MPO
63 2 PR-10 Utuado North MPO
64 1 Rampa-rp Vega Baja San Juan MPO
65 2 PR-10 Utuado North MPO
66 2 Primary Vega Baja San Juan MPO
67 3 PRIMARY NETWORK Ponce South MPO
68 1 PR-682 Barceloneta North MPO
69 2 Primary Vega Baja San Juan MPO
70 2 PRIMARY NETWORK Ponce South MPO
71 2 PRIMARY NETWORK Ponce South MPO
72 2 PRIMARY NETWORK URB Ponce South MPO
73 2 PRIMARY NETWORK Ponce South MPO
74 1 PR-123 Adjuntas North MPO
75 1 PRIMARY NETWORK Ponce South MPO
76 1 PRIMARY NETWORK EN Ponce South MPO
77 2 PRIMARY NETWORK Ponce South MPO
78 2 PRIMARY NETWORK Ponce South MPO
79 2 PRIMARY NETWORK Ponce South MPO
80 1 PRIMARY NETWORK EN Ponce South MPO
81 1 PRIMARY NETWORK EN Ponce South MPO
82 1 PRIMARY NETWORK EN Ponce South MPO
83 2 PRIMARY NETWORK URB Ponce South MPO
84 2 PRIMARY NETWORK EN Ponce South MPO
85 2 PRIMARY NETWORK EN Ponce South MPO
86 1 PRIMARY NETWORK EN Ponce South MPO
87 1 Barceloneta North MPO
88 1 PRIMARY NETWORK EN Ponce South MPO
89 1 PR-140 Barceloneta North MPO
90 1 Barceloneta North MPO
91 2 PRIMARY NETWORK URB Ponce South MPO
92 2 PRIMARY NETWORK URB Ponce South MPO
93 2 PRIMARY NETWORK URB Ponce South MPO
94 2 PRIMARY NETWORK URB Ponce South MPO
95 2 PRIMARY NETWORK Ponce South MPO
96 2 PRIMARY NETWORK URB Ponce South MPO
97 1 TERTIARY NETWORK Ponce South MPO
98 0 South MPO
99 2 PRIMARY NETWORK Ponce South MPO
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“m Classification Municipality MPO Region

2 PRIMARY NETWORK Ponce South MPO
101 1 PRIMARY NETWORK EN Ponce South MPO
102 1 PRIMARY NETWORK EN Ponce South MPO
103 2 PRIMARY NETWORK Ponce South MPO
104 2 PRIMARY NETWORK Adjuntas North MPO
105 2 PRIMARY NETWORK Ponce South MPO
106 2 PRIMARY NETWORK Adjuntas North MPO
107 2 PRIMARY NETWORK Adjuntas North MPO
108 0 North MPO
109 2 PRIMARY NETWORK Adjuntas North MPO
110 1 Barceloneta North MPO
111 1 PR-140 Barceloneta North MPO
112 1 PR-140 Barceloneta North MPO
113 2 PR-10 Utuado North MPO
114 1 Utuado North MPO
115 1 Utuado North MPO
116 2 PR-10 Utuado North MPO
117 1 Barceloneta North MPO
118 1 Utuado North MPO
119 1 Barceloneta North MPO
120 2 PRIMARY NETWORK Adjuntas North MPO
121 1 Barceloneta North MPO
122 1 PR-682 Barceloneta North MPO
123 2 PR-10 Utuado North MPO
124 1 Barceloneta North MPO
125 1 PR-123 Adjuntas North MPO
126 1 Barceloneta North MPO
127 1 Barceloneta North MPO
128 1 PR-123 Adjuntas North MPO
129 1 PR-682 Barceloneta North MPO
130 1 Barceloneta North MPO
131 2 PRIMARY NETWORK Adjuntas North MPO
132 2 TERTIARY NETWORK Coamo South MPO
133 2 PRIMARY NETWORK Adjuntas North MPO
134 1 Barceloneta North MPO
135 2 TERTIARY NETWORK South MPO
136 1 ciz Arecibo North MPO
137 1 PR-123 Adjuntas North MPO
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“m Classification Municipality MPO Region

1 PR-123 Adjuntas North MPO
139 1 TERTIARY NETWORK Coamo South MPO
140 2 PRIMARY NETWORK Adjuntas North MPO
141 2 PRIMARY NETWORK Adjuntas North MPO
142 1 PR-682 Barceloneta North MPO
143 1 PR-123 Adjuntas North MPO
144 1 PR-123 Adjuntas North MPO
145 0 South MPO
146 1 TERTIARY NETWORK Ponce South MPO
147 2 PRIMARY NETWORK South MPO
148 2 TERTIARY NETWORK Ponce South MPO
149 1 PRIMARY NETWORK South MPO
150 1 PRIMARY NETWORK South MPO
151 1 PRIMARY NETWORK South MPO
152 2 PRIMARY NETWORK South MPO
153 0 South MPO
154 1 TERTIARY NETWORK Ponce South MPO
155 1 PR-123 Adjuntas North MPO
156 1 PRIMARY NETWORK South MPO
157 1 TERTIARY NETWORK Coamo South MPO
158 1 PRIMARY NETWORK South MPO
159 2 PRIMARY NETWORK South MPO
160 1 PRIMARY NETWORK South MPO
161 2 TERTIARY NETWORK Ponce South MPO
162 2 PRIMARY NETWORK South MPO
163 0 North MPO
164 2 TERTIARY NETWORK Ponce South MPO
165 1 TERTIARY NETWORK South MPO
166 2 PRIMARY NETWORK South MPO
167 2 TERTIARY NETWORK Ponce South MPO
168 2 TERTIARY NETWORK South MPO
169 2 PRIMARY NETWORK South MPO
170 2 PRIMARY NETWORK South MPO
171 2 TERTIARY NETWORK Ponce South MPO
172 3 PRIMARY NETWORK South MPO
173 3 PRIMARY NETWORK South MPO
174 3 PRIMARY NETWORK South MPO
175 1 PRIMARY NETWORK South MPO
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“m Classification Municipality MPO Region

1 PRIMARY NETWORK South MPO
177 1 PRIMARY NETWORK South MPO
178 1 PRIMARY NETWORK South MPO
179 1 PRIMARY NETWORK EN Ponce South MPO
180 2 TERTIARY NETWORK Ponce South MPO
181 2 PRIMARY NETWORK South MPO
182 2 PRIMARY NETWORK South MPO
183 2 PRIMARY NETWORK South MPO
184 2 TERTIARY NETWORK Ponce South MPO
185 2 PRIMARY NETWORK South MPO
186 2 TERTIARY NETWORK Ponce South MPO
187 2 PRIMARY NETWORK South MPO
188 2 TERTIARY NETWORK Ponce South MPO
189 1 Rampa-rp Vega Baja San Juan MPO
190 2 PRIMARY NETWORK South MPO
191 3 PRIMARY NETWORK South MPO
192 2 PRIMARY NETWORK South MPO
193 1 PRIMARY NETWORK South MPO
194 1 TERTIARY NETWORK Ponce South MPO
195 1 TERTIARY NETWORK Ponce South MPO
196 2 PRIMARY NETWORK South MPO
197 0 South MPO
198 1 PRIMARY NETWORK South MPO
199 2 PRIMARY NETWORK URB Ponce South MPO
200 1 PRIMARY NETWORK South MPO
201 1 PRIMARY NETWORK South MPO
202 1 PRIMARY NETWORK South MPO
203 1 TERTIARY NETWORK Ponce South MPO
204 1 PRIMARY NETWORK South MPO
205 1 TERTIARY NETWORK Ponce South MPO
206 8 PRIMARY NETWORK South MPO
207 2 TERTIARY NETWORK Ponce South MPO
208 8 PRIMARY NETWORK Ponce South MPO
209 3 PRIMARY NETWORK Ponce South MPO
210 1 TERTIARY NETWORK Ponce South MPO
211 1 TERTIARY NETWORK Ponce South MPO
212 3 PRIMARY NETWORK Ponce South MPO
213 2 TERTIARY NETWORK Ponce South MPO
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“m Classification Municipality MPO Region

3 PRIMARY NETWORK Ponce South MPO
215 2 TERTIARY NETWORK Ponce South MPO
216 1 TERTIARY NETWORK South MPO
217 1 TERTIARY NETWORK Ponce South MPO
218 2 TERTIARY NETWORK Ponce South MPO
219 1 TERTIARY NETWORK Ponce South MPO
220 2 PRIMARY NETWORK South MPO
221 2 PRIMARY NETWORK South MPO
222 0 South MPO
223 0 South MPO
224 2 PRIMARY NETWORK South MPO
225 1 TERTIARY NETWORK Ponce South MPO
226 2 TERTIARY NETWORK Ponce South MPO
227 2 TERTIARY NETWORK Coamo South MPO
228 1 Ponce South MPO
229 1 RAMPA-RP Ponce South MPO
230 8 PRIMARY NETWORK Ponce South MPO
231 3 PRIMARY NETWORK Ponce South MPO
232 1 RAMPA-RP Ponce South MPO
233 0 South MPO
234 2 PRIMARY NETWORK EN Ponce South MPO
235 2 PRIMARY NETWORK EN Ponce South MPO
236 8 PRIMARY NETWORK Ponce South MPO
237 2 TERTIARY NETWORK Ponce South MPO
238 2 TERTIARY NETWORK Ponce South MPO
239 2 TERTIARY NETWORK Ponce South MPO
240 1 PRIMARY NETWORK EN Ponce South MPO
241 2 PRIMARY NETWORK Ponce South MPO
242 1 Ponce South MPO
243 2 PRIMARY NETWORK Ponce South MPO
244 1 RAMPA-RP Ponce South MPO
245 1 Ponce South MPO
246 2 PRIMARY NETWORK South MPO
247 1 Bayamon San Juan MPO
248 1 Bayamon San Juan MPO
249 3 Primary Carolina San Juan MPO
250 2 Primary Cayey San Juan MPO
251 2 Primary San Juan San Juan MPO
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Primary San Juan San Juan MPO
253 3 Primary Carolina San Juan MPO
254 2 Primary Naranjito San Juan MPO
255 2 Tertiary Carolina San Juan MPO
256 2 Primary Naranjito San Juan MPO
257 2 Primary Cayey San Juan MPO
258 5 San Juan San Juan MPO
259 3 Primary Carolina San Juan MPO
260 1 Tertiary Carolina San Juan MPO
261 2 San Juan MPO
262 3 Primary Carolina San Juan MPO
263 2 Carolina San Juan MPO
264 2 Carolina San Juan MPO
265 2 Carolina San Juan MPO
266 2 Carolina San Juan MPO
267 0 San Juan MPO
268 1 Secondary Gurabo San Juan MPO
269 2 Carolina San Juan MPO
270 2 San Juan MPO
271 2 Primary Bayamon San Juan MPO
272 1 Tertiary Bayamon San Juan MPO
273 2 Primary Bayamon San Juan MPO
274 2 Primary Bayamon San Juan MPO
275 1 Tertiary Bayamon San Juan MPO
276 2 Primary Bayamon San Juan MPO
277 2 San Juan MPO
278 2 San Juan MPO
279 2 Primary Bayamon San Juan MPO
280 2 Primary Bayamon San Juan MPO
281 2 Primary Bayamon San Juan MPO
282 2 San Juan MPO
283 2 Primary Bayamon San Juan MPO
284 1 Bayamon San Juan MPO
285 2 Secondary Bayamon San Juan MPO
286 0 San Juan MPO
287 0 San Juan MPO
288 0 San Juan MPO
289 2 Primary Yabucoa San Juan MPO
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Bayamon San Juan MPO
291 1 Bayamon San Juan MPO
292 1 Tertiary Bayamon San Juan MPO
293 0 San Juan MPO
294 2 San Juan MPO
295 2 Primary Bayamon San Juan MPO
296 2 Primary Bayamon San Juan MPO
297 2 Primary Bayamon San Juan MPO
298 2 San Juan MPO
299 1 Tertiary Aguas Buenas San Juan MPO
300 1 Secondary San Juan MPO
301 2 Primary Cidra San Juan MPO
302 2 Aguas Buenas San Juan
303 1 Ceiba East MPO
304 1 Ceiba East MPO
305 2 Tertiary Rio Grande San Juan MPO
306 1 Ceiba East MPO
307 3 Primary Rio Grande San Juan MPO
308 1 San Juan San Juan MPO
309 1 San Juan San Juan MPO
310 1 San Juan San Juan MPO
311 1 Tertiary Toa Baja San Juan MPO
312 1 Tertiary Toa Baja San Juan MPO
313 1 Tertiary Toa Baja San Juan MPO
314 0 San Juan MPO
315 0 San Juan MPO
316 1 Tertiary Toa Baja San Juan MPO
317 1 Bayamon San Juan MPO
318 0 San Juan MPO
319 2 Tertiary Rio Grande San Juan MPO
320 2 Secondary Rio Grande San Juan MPO
321 2 Secondary Rio Grande San Juan MPO
322 2 San Juan San Juan MPO
323 2 San Juan San Juan MPO
324 1 San Juan San Juan MPO
325 2 San Juan San Juan MPO
326 2 San Juan San Juan MPO
327 2 San Juan San Juan MPO
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328 1

Ceiba East MPO
329 2 San Juan San Juan MPO
330 1 Ceiba East MPO
331 1 San Juan San Juan MPO
332 2 Bayamon San Juan MPO
333 1 San Juan San Juan MPO
334 1 Tertiary Rio Grande San Juan MPO
335 1 San Juan San Juan MPO
336 1 San Juan San Juan MPO
337 1 San Juan San Juan MPO
338 2 Primary Cayey San Juan MPO
339 1 San Juan San Juan MPO
340 1 San Juan San Juan MPO
341 1 San Juan San Juan MPO
342 1 San Juan San Juan MPO
343 1 San Juan San Juan MPO
344 2 San Juan San Juan MPO
345 2 San Juan San Juan MPO
346 1 San Juan San Juan MPO
347 2 San Juan San Juan MPO
348 4 San Juan San Juan MPO
349 2 San Juan San Juan MPO
350 2 San Juan San Juan MPO
351 2 San Juan San Juan MPO
352 2 San Juan San Juan MPO
353 2 San Juan San Juan MPO
354 2 San Juan San Juan MPO
355 2 San Juan San Juan MPO
356 1 San Juan San Juan MPO
357 2 San Juan San Juan MPO
358 2 San Juan San Juan MPO
359 2 San Juan San Juan MPO
360 2 San Juan San Juan MPO
361 0 East MPO
362 2 San Juan San Juan MPO
363 1 Primary Candvanas San Juan MPO
364 2 Primary Candvanas San Juan MPO
365 1 Tertiary Rio Grande San Juan MPO
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“m Classification Municipality MPO Region

2 Primary Candvanas San Juan MPO
367 1 Primary Candvanas San Juan MPO
368 2 Tertiary Rio Grande San Juan MPO
369 2 Primary Candvanas San Juan MPO
370 1 Primary Candvanas San Juan MPO
371 1 Primary Candvanas San Juan MPO
372 1 Tertiary Caguas San Juan MPO
373 2 Primary Candvanas San Juan MPO
374 1 Ceiba East MPO
375 0 Caguas San Juan MPO
376 2 Primary Candvanas San Juan MPO
377 2 Primary Candvanas San Juan MPO
378 1 Tertiary Caguas San Juan MPO
379 2 San Juan San Juan MPO
380 3 Primary Dorado San Juan MPO
381 2 San Juan San Juan MPO
382 3 Primary Dorado San Juan MPO
383 1 Secondary Gurabo San Juan MPO
384 2 Primary Cayey San Juan MPO
385 2 Secondary Aguas Buenas San Juan MPO
386 2 Aguas Buenas San Juan
387 0 San Juan MPO
388 2 Primary Candvanas San Juan MPO
389 2 Primary Cidra San Juan MPO
390 3 Guaynabo San Juan MPO
391 2 Primary Cidra San Juan MPO
392 3 Guaynabo San Juan MPO
393 3 Guaynabo San Juan MPO
394 3 Guaynabo San Juan MPO
395 3 Primary San Juan San Juan MPO
396 1 Bayamon San Juan MPO
397 0 San Juan MPO
398 1 Bayamon San Juan MPO
399 3 Guaynabo San Juan MPO
400 3 Guaynabo San Juan MPO
401 3 Guaynabo San Juan MPO
402 3 Guaynabo San Juan MPO
403 2 Luquillo East MPO
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405
406
407
408
409
410
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412
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422
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434
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441
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Primary

Tertiary

Tertiary

Rampa-rpu

Primary

Secondary
Primary
Tertiary
Tertiary
Tertiary
Secondary
Tertiary

Secondary

Secondary

Secondary

Candvanas

Rio Grande

Guaynabo
Rio Grande
Guaynabo
Guaynabo
Guaynabo
Guaynabo
Guaynabo
Guaynabo
San Juan

Guaynabo
San Juan

Guaynabo
Guaynabo

Guaynabo

Guaynabo
Cayey
Guaynabo
Luquillo

Guaynabo

Rio Grande
San Juan
Caguas
Cidra

Caguas

Cidra

Aguas Buenas

Aguas Buenas

Aguas Buenas

Aguas Buenas

Guaynabo

San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
East MPO

San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO
San Juan MPO

Final Report

December 2018 | 254



APPENDIX G — MODEL NETWORK COMPARISON

442 0

San Juan MPO

443 1 Secondary Rio Grande San Juan MPO
444 3 Luquillo East MPO

445 1 Luquillo East MPO

446 2 Luquillo East MPO

447 2 Primary Cayey San Juan MPO
448 1 Luquillo East MPO

449 1 Luquillo East MPO

450 1 Cayey San Juan MPO
451 1 San Juan San Juan MPO
452 2 Primary Cayey San Juan MPO
453 2 Luquillo East MPO

454 2 Primary Cayey San Juan MPO
455 2 Primary Cayey San Juan MPO
456 1 Cayey San Juan MPO
457 1 Aguas Buenas San Juan MPO
458 0 Sa