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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 in 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 
• 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  

Time 

Uncertainty in 
exogenous 
inputs 

Uncertainty in 
model 
relationships 

Variety of relationships 
that could be 
important 
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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). 
• “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 
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Demographic transition rates 

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

• Rates for: 
– Birth 
– Death 
– “Marriage” 
– “Divorce” 
– Leave nest/empty nest 
– Enter/leave workforce 
– Enter/leave income group 

• The user can apply scenario-specific multipliers on these 
rates 

Rates vary by combination of: 
• Age group 
• Household type 
• Race/acculturation 
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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 

– A very 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 
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Options for Spatial Detail 

• A single area for the entire region 
• Generic area types (urban, suburban, rural) 
• County-level zones 
• Combination of County-level and area types 
• Census tract level zones 

 
Started with simple area types to ease data 
preparation and model useability. 
Could move to somewhat more detail in a future 
version 

MOR
E 
DETA
IL 
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Pre-Programmed Scenarios 

Based on Delphi panel deliberation 
• 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 

• Global Chaos 
– Distressing new normal – financial instability, 

climate change impacts, isolationism 
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Tabular  
output 
from one  
scenario 

Year 2000 2010 2020 2030 2040 2050 

Population 4,247,9
82 

5,262,0
23 

6,300,5
47 

7,076,8
65 

7,691,8
63 

8,225,5
50 

Percent under age 16 23% 22% 22% 23% 23% 23% 
Percent over age 60 11% 14% 16% 18% 19% 19% 
Percent in single 
household 13% 19% 21% 23% 24% 24% 

Percent in HH w/ children 63% 64% 62% 61% 61% 61% 
Percent Immigrants>20 
yrs in US 2% 5% 9% 10% 10% 9% 

Percent Immigrants<20 
yrs in US 8% 10% 9% 7% 5% 4% 

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 31% 32% 34% 34% 33% 33% 
Percent in high income 
group 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 1.7% 1.9% 2.1% 2.3% 2.4% 2.5% 
Walk/bike mode share - 
Work 5.2% 5.6% 5.9% 6.1% 6.2% 6.3% 

Avg. car-occupancy-Non-
work 1.82 1.76 1.75 1.75 1.76 1.76 

Transit mode share - Non-
work 1.5% 1.6% 1.7% 1.8% 1.9% 1.9% 

Walk/bike mode share - 
Non-work 11.2% 11.5% 11.7% 11.8% 11.9% 12.0% 

Work trips/capita per day 0.61 0.55 0.51 0.48 0.47 0.46 
Other trips/capita per day 2.82 2.86 2.93 2.96 2.98 2.99 
Auto VMT/capita per year 11,726 11,115 10,714 10,472 10,336 10,251 
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 Momentum   Gentle Footprint 

 
 
 
 
 
 
 Tech Triumphs   Global Chaos 

Trips by Mode 
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 Momentum   Gentle Footprint 

 
 
 
 
 
 
 Tech Triumphs   Global Chaos 

Trip Mode Share 
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Conducted project-specific on-line surveys in 
two major intercity rail corridors 
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Attitudinal and Stated Preference questions 
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Structural diagram of the ICLV model (x=trip attributes; 
w=mode attributes; z=demographic characteristics) 
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Why do we care about “latent attitudinal 
variables”? 

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

• 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 
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Model applied to the survey data in an Excel interface 
for user-friendly scenario analysis 
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Scenarios involving shifts in attitudes:  
The indicated effects on rail mode share 

% change in rail trips 
Orient-
ation 

toward car 

Technology 
during 
travel 

Pro 
Urbanism 

Privacy 
during 
travel 

Change 
all 4 at 
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% 
Shift age groups to under 35 
attitude 17.95% 2.50% 0.00% -3.40% 16.40% 

Shift under 35 to 35-44 
attitude -1.70% 0.00% 0.00% 0.00% -1.70% 

Shift age groups to over 65 
attitude -11.90% -3.40% 0.00% 10.40% -5.70% 

Shift no college to college 
attitude 1.20% 0.10% 0.10% 2.70% 4.20% 

Shift college to no college 
attitude -3.60% -0.30% -0.20% -7.50% -11.40% 

Shift no job to employed 
attitude -0.60% 0.20% 0.00% 1.30% 0.90% 

Shift employed to no job 
attitude 1.20% -0.40% 0.00% -2.50% -1.70% 



27 
TRB ITM 2016 

Tool available from NCRRP website –  
search for the report below…. 
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