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Impact of Socio-Demographics on Travel
Demand (NCHRP 20-83 (06) — TRB Report 750)

 Research focused on understanding:

— How the composition of the population might
change over time

— How socio-demographic changes will affect
ways Iin which people travel

— How assumptions about changes In
demographic patterns and travel behavior “play
out” over time

— Which assumptions seem to lead to the most
contrast across different scenarios
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Impacts 2050 Is . . .

» A strategic scenario analysis tool

e Comprised of:

— A Systems Dynamics model that can represent
the co-evolution of population, land use,
employment, transport supply and travel
behavior

— Scenarios representing divergent visions of
alternative futures

* Not intended to replace existing travel
demand forecast models
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As a model is run further into the future, precision in
the inputs and forecasts becomes less possible, and
the ability to represent a wide range of scenarios
becomes more relevant

Uncertainty in
model

Uncertainty in relationships

exogenous

inputs
Variety of relationships
that could be
important

Time
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Systems Dynamics modeling

The focus is on relationships between variables over time (rates of change)

Behavior results from feedback between system components (can be limiting
effects or reinforcing cycles)

Developed at MIT in 1960’s for industrial systems (Forrester).

o “Limits to Growth” Club of Rome study (Meadows, et al. 1970’s)
» Urban Dynamics (Forrester, 1970’s)

» Many applications since in many different fields.
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System Dynamics Model
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Model Structure

TRANSPORT SUPPLY SECTOR

Lane/ route miles (urban, rural, suburban) Car ownership

segmented by: Made choice (work, non-work)

Road New/retired road capacity Trip rates (work, non-work)

Transit New/retired transit capacity Trip distance (car driver, car passenger, transit

"\ /

SOCIO-DEMOGRAPHIC SECTOR

Population segmented by:

Age Aging

Household Structure Birth, death, marriage, divorce, leave nest
Acculturation Acculturation transition

Race/Ethnicity. n/a

Household Income Leave/enter income groups

Workforce Participation Leave/enter workforce

Residential Location (urban, suburban, rural)...... People moving in / out

LAND USE SECTOR EMPLOYMENT SECTOR
Amount of Space (urban, rural, suburban) NMumber of Jobs (urban, rural, suburban)
segmented by: segmented by:
Developed Residential Conversion Retail Job creation,
Developed Other to/from Service loss,
Developable developable Other migration
Protected Conversion to/from protected land
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Demographic transition rates

e Basic rates derived from analysis of the Panel Survey on
Income Dynamics (PSID) 2003-2009

e Rates for:
— Birth
— Death —
“Marriage” Rates vary by combination of:
- Mafrage « Age group
— "Divorce « Household type

— Leave nest/empty nes « Race/acculturation
— Enter/leave workforce
— Enter/leave income group

* The user can apply scenario-specific multipliers on these
rates
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Demographic migration rates

* Three types of migration:
— Foreign (from / to other countries)
— Domestic (from / to other regions of the US)
— Regional (from / to other area types in the region)

 Base rates are derived from Census data,
and modified by:

— Residential attractiveness — function of demand
vS. supply of jobs, housing, road capacity

— User-defined scenario effects
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Other feedbacks...

The Employment Sector
— A very simple model of job creation, loss & migration

The Land Use Sector

— A very simple model of transition of land between
residential, non-residential, undeveloped & protected

The Transportation Supply Sector

— Avery simple model of capacity addition and retirement
for roads and transit

These feedbacks can be turned “on” or “off to
Investigate the difference between unconstrained

and constrained demand, and between responsive
and unresponsive supply

N TRB ITM 2016

10



Options for Spatial Detail

A single area for the entire region
Generic areatypes (urban, suburban, ruraljj MOR
County-level zones DETA
Combination of County-level and area types § '-
e Census tract level zones

Started with simple area types to ease data
preparation and model useabillity.

Could move to somewhat more detail in a future
version
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Pre-Programmed Scenarios

Based on Delphi panel deliberation
e Momentum

— Change is based on population dynamics
« Technology Triumphs

— Innovations mitigate difficult challenges

 Gentle Footprint

— Public consciousness and political shifting toward
taking serious action to curb climate change

e Global Chaos

— Distressing new normal — financial instability,
climate change impacts, isolationism

N TRB ITM 2016

13



|,-:|IEI S |

'l Return to Main Menu

2 Scenario multipliers on base rates
8 S50CI0-DEMOGRAPHIC SECTOR

Scenario: Momentum
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4 Death Rate 100 1.00 1.00 1.00
5 Birth Rate 1.00 1.00 1.00 1.25
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7 |Divorce Rate 1.00 100 100 100 100 1.00 1.00 1.00 100 1.00 1.00
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4,247,9 5,262,0 6,300,5 7,076,8 7,691,8 8,2255

82 23 47 65 63 50

Tab U | ar 23%  22%  22%  23%  23%  23%
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out p ut 13%  19%  21%  23%  24%  24%

f 63%  64%  62%  61%  61%  61%

romone ol N e I o
. rsin US

scenario Percent Immigrants<20 8% 10% 9% 79 50 4%
rsin US

Percent White/other 61% 59% 57% 56% 55% 55%

Percent Hispanic 6% 8% 10% 11% 12% 12%

Percent Black 29% 26% 25% 25% 24% 24%

Percent Asian 3% 6% 8% 9% 9% 10%

Percent low income group [EEEIRZ 32% 34% 34% 33% 33%

fgﬁ”t 157 [ Eeiie 18%  19%  22%  25%  26%  27%

Percent in workforce 51% 47% 43% 41% 40% 39%

Percent non -car-owning 2.4% 2.5% 2.7% 2.8% 2.9% 3.0%
Percent car-sharing 22.6% 21.8% 21.9% 21.9% 21.9% 21.8%
Avg. car-occupancy-Work 1.13 1.13 1.13 1.13 1.13 1.13

Transit mode share - Work WAL 1.9% 2.1% 2.3% 2.4% 2.5%
wg'ri/ SHE RIS SEE - 52% 56% 59% 61% 6.2%  6.3%
Avg. car-occupancy-Non-
work

Transit mode share - Non-
work

ivaliubiRelinedeistiales 11.2% 11.5% 11.7% 11.8% 11.9% 12.0%
Non-work

1.82 1.76 1.75 1.75 1.76 1.76

1.5% 1.6% 1.7% 1.8% 1.9% 1.9%

Work trips/capita per day 0.61 0.55 0.51 0.48 0.47 046 —
'\’ Other trips/capita per day 2.82 2.86 2.93 2.96 2.98 2.99
dhay TRBITM 2016 PRI S ACC e 11,726 11,115 10,714 10,472 10,336 10,251




Momentum

Trips by Mode
Gentle Footprint
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Trip Mode Share
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Attitudinal and Stated Preference questions

For a trip from my home to Phiadeiphia...
Please indicate how much you agree or disagree with each of the following statements.

Neither

Strongly Somewhat agree nor Somewhat Strongly
disagree Disagree disagree disagree agree gree agree

1 could deal with the schedules offered by the train for this trip from
my home to Phiadeiphia

Getting from my home to the train station & inconvenient - e )

1would estimate that the cost of taking this trip by tran would be

more than the cost of going by bus
Twould estimate that the cost of taking this trip by train would be N
more than the cost of going by car : L
The thought of sharing with others for such seems
unpleasant to me e — Below are 4 different travel optionsfor your 2 day trip from your home to Seattle/Portland. Assume that none of the optionsrequire a transfer or connaction
Assume that none of the options require a transfer or connection. ¥ the options below are the only options available for your trip, which would you prefer?
1'would estimate that the cost of taking this trip by bus would be n| Highlighted information will vary from screen to screen.
than the cost of going by car
rmmmmmmm—— -
) mulnﬁqu ﬁnnolunlmgn S hras mia 'ﬂmm&uﬂqu o min
[<Prevos | ’
Time in Car: 3 hr 35 man On-board travel tme: 2hr 50 min Time in pane: 1 hr 5 min Or-board travel tme: 2 hr 30 mi
Destnation smtionto . SRR gt Destination station to =
ContactUs  Privacy Policy @ 2015, RSG, Inc. final degination: 25 mar Airport to destination: 1 hr 35 min Sasl datintion: 35 mun
Trawel Time: 3 hr 35 min Total Travel Time: 3 br 45 min Total Travel Time: & hr SO min Total Travel Time: 3 hr 55 min
one-way costfor  C1o0 Total one-way cost for ¢ Totalone-waycostfor  © 0.0 Total one-way costfor (20
rpantyof2 your party of 2: your party of 2: your paty of 2:
induding rental car fee
parking for2
2 | o 2 o
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Structural diagram of the ICLV model (x=trip attributes;

w=mode attributes; z=demographic characteristics)

The idea of being on a train or a bus
with people | do not know is uncomfortable

| don't mind traveling with
people | do not know (rev)

The thought of sharing a car with others
for such a trip seems unpleasant to me

| love the freedom and independence |
get from owning one or more cars

| feel | am less dependent on cars
than my parents are/were

Rather than owning a car, | prefer to borrow,
share, or rent a car just for when | need it

| enjoy being out and about
and observing people

| like to live in a neighborhood where
| can walk to a commercial or village center

If everyone works together, we could improve
the environment and future for the earth

Being able to freely perform tasks, a laptop,
tablet,or smartphone is important to me

Important to me to receive email or text
message updates about my bus or train trip

Owns Mobile ICT

-

Privacy in

Orientation

Pro- Social

Productivity

X,W,Z,
X,W,Z,
STATED
MODE
CHOICES|
FROM
X Wi EIGHT
X,W,Z,
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Why do we care about “latent attitudinal
variables”?

e Because the NCRRP study specifically wants
to know about “Intercity Passenger Rail in the
Context of Dynamic Travel Markets”

e Policy makers want to understand changing
demand as completely as possible

* They already have traditional demand
estimates, but they want new methods to deal
with changing attitudes and preferences

N TRB ITM 2016
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Model applied to the survey data in an Excel interface
for user-friendly scenario analysis

This workbook uses

3 NATIONAL NCRRP 03-02: macros. Select

"Enable Content”

N SODPERATIVE Intercity Passenger Rail in the SR
: RESEARCH Context of Dynamic Travel Markets

6 PROGRAM Scenario Planning Tool

DRAFT Version 04-21-2016 - Not for public release

8 TOOL DESCRIPTION @)

This spreadsheet-based scenario analysis tool allows users to apply
& the integrated choice-latent variable (ICLV) mode choice model from
the NCRRP 03-02 project to explore possible future scenarios that

The New England can take into account changing market demographics and attitudes,

Transportation o 2 _ A i . . -
Institute as well as travel times and costs offered by competing travel modes.
11
12
13
14

( GET STARTED @

Show step by step instructions on startup

& TRB ITM 2016
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ESLIDMI_M e Load a Pre-saved Scenario Delete a Saved Scenario @ Save Changes as New Scenario

RAIL

; a I SAVE

- - ; [ = ]
. Last Loaded Scenario: Mixed A i K —
Bad future for auto rejection, but good future for privacy tolerance. Ge“'“Q Started
Information Communication Technology (ICT) need will continue with R . .
age. Refer to Chapter 6 of NCRRP Chapter 4 for a full description. This dialog box will step you through your first scenario to get you started.
3 Step 1: Change from the Base Case
The "User" worksheet is where all user inputs are made and the results shown. To get
[+] Demo grap hics started, click on the "+" to the left of "Demographics”
10 =
[+] Demographics
44 1 L
. . The Demographics user input area will expand. this is where you can change the
[+] Time & Cost Indices demographics of future Business, Vacation, Visit, and Other travelers. On the right, you will
45 find the Base Case, and on the left, you can make changes to the base case.
54 For our example, we will change the percentage of college graduates among business
1 travelers to 80%. You will see that College Graduate is shaded white while "Not a college N
[ +] Attitudinal Scenarios graduate” is shaded green. The green cells are the only ones that the user can change. So,
- in our example, type "20%" in the "Not a college graduate” cell, as shown below.
68 EDUCATION Business Vacation Visit Other
Not a college graduate O 200% 33.9% 28.1% 35.8%
College graduate (calculated) 80.0% 66.1% 71.9% 64.2%
69 [+] Results Total 100.0% 100.0% 100.0% 100.0%
e 4 You will see that the cell tums dark green, which indicates that is is different from the -
103 base case. If you want to revert it back the base case, just click on the button "Reset to
12: Base Case" on the right.
106 MNow exapand the Results section by clicking on the "+" next to "Results". This is where
107 the change in mode share based on your inputs are shown.
108 You can make other changes to demographics, time and cost indices, and aftitudinal
100 factors by expanding and making changes in those sections.
110 Step 2: Scenario Management
11; You can manage your own scenarios within this workbook through the Scenario
113 Management tools at the top of the "User" worksheet. To save the scenario we just
114 created. click the SAVE button. as shown below.
115 @ Save Changes as New Scenario
116 | |
3 Startup Instructions 'O Calculation Area--» mode choice  attitudes 1rip_data| SAVE i
— bl - — m — T p— i p— i ol —
\
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B

C ] E F [ H | J K L

[-] Attitudinal Scenarios

USER SCENARIO BASE CASE

Attitudinal scenarios Car-lover Technology Urbanism Privacy Car-lover Technology Urbanism Privacy

0 o o 0

0 o o 0

0 o o 0

0 o o 0

0 o o 0

0 o o 0

[] Results
USER SCENARIO BASE CASE
Predicted Trips (1,000/year) Predicted Trips (1,000/year)
_ EE : i :
6,114 19,891 19,765 7641 534N
1,812 6,130 2,800 697 11539
3,250 4260 3,551 1,189 122580
1,887 2,341 2,213 517 6,958
13,104 32622 28 428 10,044 841583
Predicted Trips (1,000/year)

_ ER 5 i 2
45.7% 51.0% 69.5% 76.1%  63.4%
13.8% 18.8% 10.2% 659% 13.7%
25.1% 13.1% 12.5% 11.8%  1486%
14.4% 7.2% 7.8% 5.2% 8.3%

Percent Change in Trips vs. Base Case

45%

35%

25%

HiE

Percent Change in Mode Share vs. Base Case :ﬁ I

0%

-10%

=
a8

= Hj 0 B

Percent Change in Mode Share vs. Bazse Case

mCar mBus = Rail mAir

Business acation \isit Other Total
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Scenarios involving shifts in attitudes:
The indicated effects on rail mode share

Orient- Tezl:::;l;gy Pro Privacy Change
. e . .
% change in rail trips ation travel  Urbanism during  all4 at

toward car travel once

Shift female to male attitude 2.30% -0.41% -0.30% -0.40% 1.20%
Shift male to female attitude -1.80% 0.30% 0.20% 0.40% -1.00%
zt‘t'fttuzgee groups to under 35 - 2.50% 0.00%  -3.40% | 16.40%
z:‘t'fttu‘;r;der 3> t0 35-44 -1.70% 0.00% 0.00%  0.00% -1.70%
z[‘t'fttuzgee groups to over 65 - -3.40%  0.00% = 10.40% -5.70%
z:’t';cttu';‘; college to college 1.20% 0.10% 0.10%  2.70%  4.20%
::‘t'ifttucdc:'ege to no college -3.60% 0.30%  -0.20% = -7.50% -
Z’:‘t'ifttu';c;”b to employed -0.60% 0.20% 0.00%  1.30%  0.90%
zrt'iituzr:ployed to no job 1.20% -0.40%  0.00%  -2.50% -1.70%

N TRB ITM 2016
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Tool available from NCRRP website —
search for the report below....

3 NATIONAL NCRRP 03-02:

q  SODPERATIVE Intercity Passenger Rail in the
5 RESEARCH Context of Dynamic Travel Markets

6 PROGRAM Scenario Planning Tool

DRAFT Version 04-21-2016 - Not for public release

8 TOOL DESCRIPTION ®
This spreadsheet-based scenario analysis tool allows users to apply
& the integrated choice-latent variable (ICLV) mode choice model from
a e e S the NCRRP 03-02 project to explore possible future scenarios that
10 e New Lnglan can take into account changing market demographics and attitudes,

Transportation

Institute as well as travel times and costs offered by competing travel modes.

( GET STARTED @

Show step by step instructions on startup

This workbook uses

macros. Select
"Enable Content”
when opening

& TRB ITM 2016
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