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Part I: Defining accessibility
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Defining accessibility: research and outreach

Prior research has analyzed public transit accessibility using
metrics such as estimated travel time and distance from bus stops.

Stakeholders expressed concern that that level of analysis would
leave out important aspects of the transit experience in Allegheny

County.

We took a novel approach to capture more diverse features.
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Defining accessibility: our interpretation

To capture the average transit experience from selected origins to
opportunity occupation zones, measures were estimated and

normalized for:
o  Walkability
o Proximity to relevant bus stops
o Average travel time
o Expected travel time range
o Trip cost (including transfers)
o Travel time by car
o Access to employment
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Part ll: Developing a methodology
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Dimensions of the index

Accessibility Score

Travel Time

Average
Travel Time

Bus to Car
Alternative

Reliability

Expected
Travel Time
Range

Number of
Transfers

Physical
Environment

Walkability Gceg\?‘é?f;;c
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Part lll;: Areas of interest
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What is an Opportunity Occupation?

Our criteria:
e Pay more than median annual wage

e Do not require a Bachelor’s degree
o Offer full employment (50 - 52 weeks)
o Offer between 35 - 60 hours per week

ACS Public Use Microdata Sample Survey (2017)
o Individual respondents available in Pennsylvania

Opportunity Share = Opportunity Employment
for each industry Total Employment
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Industry

Code

23
31-33
44-45
48-49

92

62

54

22

42

52

56

81

21

51

72

61

53

11

71

55

Top Industries for Opportunity Employment by Count for Allegheny County

Total Count

975
1844
1396

566

659
21594
1112

171

426

822

480

556

95

240

645
1047

182

152

192

17

Opportunity

196
163
87
83
80
77

EHE8

33
33
24
24
17
14
10

Percent
Opportunity

20%
25%
11%
27%
12%
4%
6%
32%
11%
5%
7%
6%
25%
10%
3%
1%
5%
4%
3%
12%

Description

Construction

Manufacturing

Retail Trade

Transportation and Warehousing
Public Administration

Health Care and Social Assistance

Professional, Scientific, and Technical Services

Utilities

Wholesale Trade

Finance and Insurance

Administrative and Support and Waste
Other Services

Mining & Quarrying

Information

Accommodation and Food Services
Educational Services

Real Estate and Rental and Leasing
Agriculture, Forestry, Fishing and Hunting
Arts, Entertainment, and Recreation
Management of Companies and Enterprises
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Where are Opportunity Occupations?

o Block groups are often too geographically large for useful analysis of
job locations in more suburban and rural areas; to create a nuanced
index, granular data is necessary.

o Based on current number of employees at each location & industry code,
estimated number of “opportunity occupations” at individual businesses in
Allegheny County.

o Found areas where opportunity occupations are predicted to be densely
located.
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Where are Opportunity Occupations?

Calgon Carbon Corp

Company Name - | City o
Airport Corridor Trnsprtn Assc Pittsburgh
Descartes Systems Group Pittsburgh
Fedex Ground Coraopolis
Pit Stop Airport Parking Coraopolis
American Tower Corp Pittsburgh
American Zinc Recycling Corp Coraopolis
American Zinc Recycling LLC Coraopolis
ATI Powder Metals Pittsburgh
Bayer Corp Pittsburgh

Moon Township

Workhorse Rail LLC

Company Name v City

Allegheny Petroleum Products Wilmerding
Uohnson Matthey Inc Wilmerding
Seserys Logistics LLC Wilmerding
Triangle Engineered Prods Co Wilmerding
WABCO Freight Car Products Wilmerding
WABCO Locomotive Products Wilmerding
Wabtec Global Svc Wilmerding

Wilmerding

Economy

Aliquippa Leectibiirg

Ambridge
V|

Pmsﬂurg’

Woawne

Pitcairn

Mybrysvie

° Whitehall  west miffin ~ McKeesport

Bethel Park

MeGovern

Young)|

Wolfdale
Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS uf




Areas of interest: residential origins

o Constructed sample of 17 “origin” locations
o Characteristics focused on

low-income communities

car ownership

single mothers

use of public transportation to go to work

e Sources considered in selection:
o Port Authority of Allegheny County (PAAC) Equity Index
o U.S. Census Bureau Data (2013-2017 American Community Survey)
o DHS Client Data
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17 Origins:

Clairton, McKeesport,
Duquesne, Carrick, North
Braddock, Homestead,
Crafton Heights, Bedford
Dwellings, East Hills,
Manchester, Robinson
Township,
Lincoln-Lemington-Belmar,
Garfield, Northview
Heights, Stowe Township,
Penn Hills, and Harrison
Township.
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Unemployed
DHS clients
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completed
high school
(no
bachelor’s
degree)
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Areas of interest:
origins and
destinations

Map Legend

Origins
™

Opportunity Employment Zones




Transit methodology review

Step 1: Identify bus stops within origin and destination zones
Included .25 mile buffer to capture bus routes right outside block group

©)

borders.

Step 2: Estimate travel times between each origin and destination pair within
specific time windows using scheduled General Transit Feed Specification
(GTFS) and Automatic Passenger Counter - Automatic Vehicle Locator
(APC-AVL) data:

@)

O O O O O

Morning Peak
Daytime Off Peak
Evening Peak
Evening Off Peak
Midnight to 6am
Weekend

6am - 10am
10am - 3pm
3pm -7pm
7pm - 10pm
12am - 6am
6am - bpm
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Real-time transit feed: APC-AVL

Automatic Passenger Counter - Automatic Vehicle Location (APC-AVL) file obtained

from Port Authority of Allegheny County. Using Python data processing scripts we
extracted:

e Bus, trip, and route details
e Departure times by day

e Passenger boarding and alighting counts

Carnegie Mellon University

HemnzCollege

INFORMATION SYSTEMS * PUBLIC POLICY * MANAGEMENT



Travel time computation

e How:
o Scheduled travel times calculated using RAPTOR algorithm - a Round bAsed
Public Transit Optimized Router algorithm
o Live travel times computed with custom R script using point to point locations
e Why:
o Computationally efficient as it does not rely on preprocessed data
o Flexible in that parameters such as number of transfers can be modified on the
fly
o Fast enough to be used in dynamic application settings
o Raptor computes pareto optimal journey times for any given pair of origin and
destination points by minimizing arrival times and transfers for a given journey
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Transit time estimator tool:
dynamic visualizations

Origin Stop:

Destination Stop:

Departure Hour:
s

ﬂm_

0.020-

0.015-

Frequency
4
o
3

0.005-

0.000-

Distribution of Scheduled Travel from Selected Origin to Selected Destination

Summary Statistics

w— Avg Travel (min)

¢/ Show data table
Show| 10 v |entries

stop_id travel_time

journey_departure_stop_id journey_departure_time

100
Time (min)

min_arrival_time transfers Rowid

200

NAME

250

Search:

P03360

P03360

1 145
1 145
3 145

BRADDOCK
AVE OPP
LIBRARY ST

BRADDOCK
AVE OPP
LIBRARY ST

BRADDOCK
AVE OPP
LIBRARY ST

BRADDOCK

EXTERNALID DIRECTION LAT LONG
20721  Both 40.401147  -79.8658769999999
20721 Both 40.401147  -79.8658769999999
20721 Both 40.401147  -79.8658769999999




GTFS vs. APC-AVL: a comparison

Travel Time Comparison between McKeesport and Monroeville, Morning Rush

Scheduled and
real-time travel can
differ

Greater variability of
service in live data

0.04-

Density

0.02-

0.00-

colour
APC Avg Travel Time
GTFS Avg Travel Time

fill
[ aec
B errs

100

140
Time (min)

180 220
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Part IV: Accessibility index
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Understanding the index

Multi-dimensional: The index is designed to capture different aspects of
the transit experience

Peer-based: All scores between an origin and destination are based on
how that pairing ranks relative to selected pairings in this study between
0 and 100

Multi-source: Data from multiple sources is aggregated into a single
location to encourage exploration

Customizable: Parameters and weights can be modified for different use
cases Carnegie Mellon University

HemnzCollege
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Range of scores
Top Score: 84.62 Low Score: 5.66

Crafton Heights to Central Business District Bedford Dwellings to Monroeville

Crafton Heights to Central Business... Bedford Dwellings to Monroeville

n- 52.79




Mapping the inputs

Origins

ACS Data
WPRDC

PAAC Equity
Index

DHS Data

Census (TIGER)
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Category

R

Reliability

L Physical
Environment
Number for
I

Metric

R ———
Bus to Car |
Alternative

I Expected Travel
Time Range
Geographic |l
Coverage

Walkability S

Data Input

GTFS

APC-AVL

Google Maps API

GTFS

Destinations

ACS Data
WPRDC

Census LODES
Dataset

ReferenceUSA

Census (TIGER)



Index workflow

P @
‘e
@
A
Synthesize Calculate
® &
@
0°0®
Pool and organize Compute

data into central necessary metrics
location e.g. Bus-Car Ratio

Normalize Score

Create a score
Normalize origin based on the
and destination importance of the
values indicators and
time of day

Combine scores to
get a value for a
single-time
window
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Distinct scores for each time window

Origin-Based Score

Time-Sensitive

m e
[ |
Expected
Bus to Car 2
: Travel Time
Alternative Range

Physical
Environment

Number of S Geographic

Average
Travel Time




Understanding transit riders

Top Customer Importance Factors

Port Authority of
1200
Allegheny County
Customer Satisfaction
1000 959 953
Results - June 2018
800
e
[=]
(¥
v
T 600
£
.20
@
2 401
400 338
305
256 244 237
200 I I
0
On-Time Fares Travel Time Route Coverage Vehide Safetyon Service Seating Customer Service Accuracy/ Drivers are
Performance Cleanline: the Bus Availability Availability Representatives  Availabilityof  Courteous &
(frequency, are Helpful & Route Schedules Helpful
hours Courteous & Maps
e i Carnegie Mellon University
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Choosing and creating index weights

e C(Categories were weighted Category Factors LT
based on the following table.  |cost Trip Cost 30.0
® Relia blllty was Time Travel Time 20.0
de-emphasized due to Time Bus/Car Ratio 20.0
scheduled nature of GTFS Reliability Expected Travel 15.0
Time Range
data Physical Geographic
. 7.5
Environment Coverage
Physical .
Environment Walkability 7.5
Final Score 100.0

Carnegie Mellon University
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Community-based origin scores: weighting
pairs by opportunity

Origin-Based Score

|

Reliability S R
|
[ | | | [ |
Average
Travel Time
L

|
Expected -
Bus to Car . Number of e Geographic
nge
Opportunity Occupations

)

Y



Reading the index: within a time window

An Origin-Destination Pair

Average Travel Expected Travel Geographic

Cost Time Bus-Car Alt Time Range Walkability Coverage
Raw Data $4.68 1.36 hours 3.6 0.5 hours 14/20 30%
Processing Normalization
Possible
Points 30.0 20.0 20.0 15.0 7.5 7.5
Total 211 7.5 12.5 8.3 4.4 5.3
Total Points 64
Points Possible 100

Carnegie Mellon University
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Reading the index: across time windows

e Consider the pairing for Carrick and the Central Business District:
o While the origin-destination pair scores relatively high during
most time windows, it is not accessible between midnight
and 6am.

Morning_Peak_Score Day_ Offpeak_Score Evening_Rush_Score Eve_Offpeak_Score Night_Score Weekend_Score

82.40 79.60 79.56 75.90 0.00 72.66

Carnegie Mellon University
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Visualizing inaccessibility

Penn Hills to O’Hara Township

Average Travel Expected Travel Geographic

Cost Time Bus-Car Alt Tlme Range Walkability Coverage
Raw Data NA NA NA NA NA NA
Processing Normalization
Possible
Points 30.0 20.0 20.0 15.0 7.5 7.5
Scores 0 0 0 0 0 0
Total Points 0
Points Possible 100

Carnegie Mellon University
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Inaccessible: summary of findings

Only 6 of the identified
origins could reach
more than three
opportunity occupation
zones.

Origin

Crafton Heights
Bedford Dwellings
Garfield

East Hills
Homestead
Lincoln-Lemington
North Braddock
Stowe Twp
Carrick
McKeesport
Northview Heights
Manchester
Robinson Twp
Penn Hills
Duquesne
Harrison Twp

Clairton

Origins: An Overview of Accessibility

2 4 6 8

Number of Destinations Accessible

Carnegie Mellon University
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Inaccessible: summary of findings

Of the 14 opportunity
occupation “hotspots”,

three had no bus stops at
all.

Delmont

West Newton
Esri, HERE, Garmin, (c) Oj and the GIS user
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Inaccessible: summary of findings

Even when opportunity
occupation zones were deemed
accessible, the bulk of the
occupations within that zone were
frequently outside of the Port
Authority walkshed.

Carnegie Mellon University
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Inaccessible: summary of findings

While it is relatively easy to
reach the Central Business
District, there is huge latent
opportunity in geographic areas
that appear currently
underserved by the public transit
system.

Destination

Central Business District
Monroeville
Middle Hill
Upper Hill
Robinson Twp
Wilmerding
O'Hara Twp
Green Tree
Brackenridge
South Park Twp
Bethel Park
Moon Twp
Findlay Twp
Marshall

0

Destinations: An Overview

2 4 6 8 10

# Origins Accessible
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Limitations of the index: boundaries
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Limitations of the index: work locations
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Limitations of the index: walkshed vs. sidewalks
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Part IV continued: Accessibility index
validation
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DHS data observations: transit patterns

Selected Block Groups:
® DHS client commute
patterns in central
Pittsburgh

e Abundant public
transportation options
available

Carnegie Mellon University
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DHS data observations

Farther out from Pittsburgh:
e DHS client commute patterns
often trace the more limited
public transport options

e Jobs located towards the city
center




Case study: Penn Hills to O'Hara Township

The low index score
indicates an accessibility
challenge.

B /L
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~ocus on Penn Hills to O'Hara Township

Springdale

Shaker Twp
West View Oakrmont

Emswon) Fox Chapel

Avalon Plum
Bellevue

McKees ks

VY ikdtmiurg

PittsBlirgh

Monroevile

Camegie

Pitcairn

Munhal
Dormofy




Focus on Penn H

ills to O'Hara Township

Despite geographic
proximity, no one seems
to work in this
opportunity zone.

5
S

—_—
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Part V: Communicating results
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GIS Dashboard

o Built public-facing, interactive ArcGIS dashboard

o Users can explore summary results about:
Areas of interest (“origins”)

Opportunity occupation zones (“destinations”)
Accessibility score of each origin-destination pair
Origins’ composite accessibility score

o O O O

e Layersinclude:
o PAAC transit routes
o PAAC stops
o PAAC walkshed

Carnegie Mellon University
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Dashboard

de g eed Orig
Map Legend
Origin to Opportunity Employment Zones
Origins
B
——
Opportunity Employment Zones 0 2 Ami

| .




GIS Dashboard: origins

Summary information for
Census block groups:

Name of municipality or
neighborhood

Population

Households below poverty level
Population with at least high
school education

Households headed by single
mothers

Housing units with access to car
Accessibility index scores

Showing 1

Duquesne

Total 1,597
Population

Population, 456
Aged 18 to 44

Households 209
Below Poverty
Level

Population
with High
School
Education or
Above

Households
Headed By
Single
Mothers
Housing Units
with Car
Origin's 9.
Composite

[ Accessibility
Score




GIS Dashboard: destinations

Summary information
for opportunity ©fara twp
. Employer with Giant Eagle Inc
occupation zones: Most
. Opportunity
e Employer with most Jobs
Opportur"ty JObS Industry'\;vith Manufacturing
ost
® Industry and NAICS et
code with most o
. . Industry Code
opportunity jobs with Most

Opportunity
Jobs (NAICS)




GIS Dashboard: origin-destination pairs

Summary information for s
origin-destination pairs: _ Origi 7568

e Accessibility score e

e Time-based scores v

e Total opportunity jobs opnme 1672

e Total opportunity jobs within

walkshed

Nighttime 66.51
Score

Weekend 70.86
Score

Total 3,575

Opportunity




GIS Dashboard: additional layers

Transit route information Walkshed infi
N
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Part VI: Recommendations and future use
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Considerations and recommendations

Geographically close areas with
low origin-destination scores

(@)

(@)

North Braddock to Wilmerding
Harrison Township to
Brackenridge

Wilmerding

e PAAC Bus Stops
—— PAAC Bus Routes

Carnegie Mellon University
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Considerations and recommendations

e Poor bus-car ratio
o McKeesport to Monroeville

o Advocate for transit changes
m Direct bus routes
m More service

wwwwwwwww

4444444444
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Considerations and recommendations

o Destination zones just outside
walkshed

o Brackenridge
m Coordinate a last-mile solution

Carnegie Mellon University
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Policy considerations and recommendations
B g

; ’7) \\

Destination zones just outside
walkshed

o Robinson Township
m  RideACTA

Robinson
Township

Settlers




Future use cases

e Using the index as a base, the following are opportunities for DHS

to customize and use the tool:
o Expand the index and swap opportunity employment for access to:
m Child care
m Grocery stores
m DHS services
o Analyze affordable housing

m Are people living in accessible areas?
e Understanding voucher use based on location

o Analyze Family Support Centers
m Inform the evaluation process

o Advocate for transit change and collaboration
m Use and share methodology with organizations to inform change

Carnegie Mellon University
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Questions & discussion
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ConnectCard locations in downtown Pittsburgh
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PAAC Equity Index
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American Community Survey Census Data
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3. DHS data
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Leaderboards

WORST BUS / CAR RATIOS - UPDATED

WORST COMPOSIT O-D SCORE

ARCGIS Join Columns Pairing] Folygon | Folygon ARCGIS Join Columns | Pairing] Folygon [ Polygen 0-D Index
OriginBG___ | DEST_ID D Origin | nati Bus | Car Ratio Origin BG__|DEST_ID| 1D Origin | o i [
420025500002 5 18| McKeesport Monroeaville 75 420020509001 3 108| Bedford Dwellings  Monroaville 6|
420020509001 7| 100| Crafton Heights Upper Hill 58 420035128001 8 172| North Braddock Wilmerding 8|
420032509001 9 177| Bedford Dwellings O'Hara Twp 49 420031015001 8 174| Garfield Monroeville 8
420030509001 6| £6| Crafton Heights Middle Hif 45 420035819002 3 188| Lincoin-Lemington-f Central SBusiness 2
420032309001 8| 174| Bedford Dwellings Robinson Twp 40 420035509002 5 19| McKeesport Monrozville 2
420020509001 5 ©5( Homestead Monroaville 38 420021016001 3 80| Garfield Middle Hill 10
420032214002 4 81| Garfield Green Tree 35 4200322314002 5 70| Crafton Heights Wilmerding 10
420032814002 3 80| Crafton Heights Wilmerding 34 420024238002 4 182|Homestead Robinson Twp 10|
420035509002 14 21| Homestead Central Business Dj| 33 4200234821003 14 72| Stowe Twp Grean Tres 15
420032509001 3| 188| Bedford Dwellings. Wilmerding 3.2 420031206003 8 09| East Hils Central Business 15|
Origin = l# of Dy Accessi = Destination I- Origins Accessible Best COMPOSIT O-D SCORE I
Crafton Heights 7| Central Business District 10 ARCGIS Join Columns Pain'ngJ Polygen | Polygon O - D Index
Bedford Dweliings 5 Monrcevile 5 Origin BG__[DEST_ID] 1D Origin | Destinati Composihe
Garfisld 4 Middle Hill 5 420032814002 14] 24| Crafton Heights Central Business 85
EastHils 3 Upper Hill 8 4200322314002 3 85| Crafton Heights Robinson Twp 20
Homestzad 3 Robinson Twp 3 420035819002 7 180| Garfield Upper Hill 78
Lincoln-Lemington-S¢ 3 Wilmerding 3 420025819002 8 147| Lincoln-Lemington- Middie Hil 74
North Braddock 2 O'Hara Twp 2 420020509001 7 100| Bedford Dwellings Upper Hill b
Stowe Twp 2 Green Tree 2 420020509001 14| 97| Lincoln-Lemington-t Upper Hill 70
Carrick 2 0) 420020509001 8 95| Bedford Dwellings  Middle Hil ]
McKeespon 2 0 420031018001 7 183| Manchester Central Business 67
Northview Heights 1 0 420032204002 14 47| Bedford Dwellings  Central Business T
Manchaster 1 0 420032809001 14 173| Northviews Heights  Central Susiness 70
Robinson Twp 1 0
Penn Hils 0 0
Duguesne 0
Harrison Twp 0|
Clairton 0
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Leaderboards

DESTINATION ZONES WITH MOST JOBS OUTSIDE OF WALKSHED

Destinati | Polygon Job Count | Walkshed Job Count|Jobs Not In Walkshed| % Inaccessible!
Robinson Twp 212372 407.71 1718.01 208%
Brackenridge 747.13 19.52 727.61 o7.4%
O'Hara Twp 8224 208.24 526.18 84.0%
South Park Twp 370.44 0 370.44 100.0%
Wilmerding 33225 137 31855 25.0%
Monrosville 5132 357.08 148.14 285%

Origin Scores
Crafton Heights
Bedford Dwellings
Manchester
Northview Heights
Carrick
Homestead
Stowe Twp
McKeesport

East Hills
Lincoln-Lemington...
Garfield

Robinson Twp
North Braddock
Clairton
Duquesne

Penn Hills
Harrison Twp

0.00 20.00 40.00 60.00

80.00

Origin Scores
OlijuSea!s = | Score e
Crafton Heights 7242
Bedford Dwellings 50.26
Manchester 42.01
Northview Heights 47.28
Carrick 43.58
Homestsad 45.15
Stowe Twp 18.77
McKeesport 1457
East Hil's 11.41
Lincoln-Lemington- 8.85
Garfield 282
Robinson Twp 352
North Braddock 3.17
Clairton 0.00
Dugquezne 0.00
Penn Hlis 0.00
Hamison Twp 0.00
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Static transit feed: GTFS

agency

routes

trips

stop_times

stops

fare_attributes

fare_rules

shapes

calendar

calendar_dates

frequencies

transfers

feed _info

General Transit Feed Specification (GTFS)
dataset contains up to 15 files:
e Dataset delivered as a single zip file
e All individual files stored as .csv
e Standardized field names and data
standards
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Real-Time transit feed: APC-AVL

Automatic Passenger Counter - Automatic Vehicle Location (APC-AVL) file obtained

from Port Authority of Allegheny County. Using Python data processing scripts we
extract:

e Bus, trip, and route details
e Departure times by day

e Passenger boarding and alighting counts
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GIS Dashboard: O-D pairs

How to Use
the Dashboard

Use the orange sidebar (on the far
left) to select an origin block group,
which will then show the O-D pair
lines for that particular origin.
Clicking on a dashboard feature (such
as a line or zone) will display a pop-
up box with more information related
to that feature. The About the Layers
section below details what you can
find in by clicking on each layer.

Bedford Dw

East Hills

You can zoom in and out of the
dashboard using the + and - buttons
in the lower right of the dashboard or
the scroll wheel on your mouse.

Turn layers on and off using the
Layers selector box in the upper right
corner of the map.

About the Study

Numerous studies have found a link
between spatial mismatch,
intergenerational mobility, and accessing
quality employment opportunities
(Carlsson, et al., Chetty, et al.). This project,
combleted in Dacember 2019. souaht to

Garfield

Harrison

Map Legend

Origin to Opportunity Employment
Zones

Origins

D

Esri, HERE, NPS




