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Incorporating Long-Distance Travel into Transportation
Planning in the United States
EXECUTIVE SUMMARY
In the early years of transportation planning and highway infrastructure development in the
United States the focus was on intercity or long-distance travel, a contrast to the metropolitan
travel and state-based models that dominate today. Daily home and work-based travel, which
have been the focus of data collection and models since the 1950s, are well-modeled by
regional agencies and a limited number of state travel demand models even include some longdistance travel. Nonetheless, long-distance travel demand and factors affecting behavior are
not thoroughly considered in transportation planning or behavior research. Only one recent
activity-based model of national travel demand has been created and its scope was limited by a
severe lack of data. The conceptualization of models to consider intercity long-distance travel
has changed little since its inception in the 1970s and 1980s. In order to comprehensively
consider transportation system sustainability, there is a critical need for improved nation-wide
annual overnight activity data and models of overnight travel (a re-focus and important distinct
re-framing of long-distance trips that this white paper suggests).
Defining long-distance travel is one of the challenges associated with advancing data and
methods. The 50, 75, or 100-mile threshold still persists, creating confusion for study
participants and lumping together vastly diverse behavior that is often intercity, inter-regional,
or global. Trips may or may not involve an overnight stay and thus part of some long trips, but
not all, are captured in typical daily household travel surveys. The majority of long-distance and
overnight trips are made for personal purposes, compared to work or business, with visiting
friends and family becoming an increasing important factor for well-being. Long-distance travel
is also an important part of the economy.
The last comprehensive one-year long-distance national travel survey in the United States was
conducted in 1995, while the 2001 National Household Transportation Survey (NHTS) and the
2013 California Household Travel Survey included large supplemental surveys covering 3months and 8-weeks respectively. Although we lack extensive, historic long-distance travel
diary data, we can glean some indications of scale within existing federal datasets. Passenger
miles by domestic commercial air, Amtrak intercity rail, and motor coach together comprised
19% of passenger miles in 2016. When personal vehicle travel is factored in, long-distance
travel comprises an estimated 30% of passenger miles. Globally, air travel is growing between 3
and 10% annually depending on the country. Research reviewed here indicates that a
saturation level for long-distance travel must exist, as its limit is constrained by time and speed,
though there is no indication that we are approaching that ceiling.
Truly addressing the economic, environmental, and social equity issues required to create a
sustainable global transportation system will entail completely updating our existing planning
framework to meaningfully include long-distance travel. It is clear that long-distance passenger
iv

miles must be accounted for when addressing greenhouse gas (GHG) emissions and other
negative environmental externalities. Less well-known are the questions of social justice that
loom large when one considers the details of long-distance travel. Travel in our society is
becoming increasingly associated with quality of life. Those without intercity access may miss
opportunity and social capital. However, without representative long-distance travel data it is
impossible to compare the relative participation by different groups and to consider latent
demand. It is difficult to measure who comprises the global mobile elite and who lacks
sufficient intercity mobility for reasonable social network obligations and personal services.
Existing research indicates in general that income, gender, age, children in the household,
urban versus rural home location, and worker status all impact the amount and extent of longdistance travel undertaken. Network capital describes elements, often technological, that
facilitate networking and traveling beyond one place such as mobile phones, internet services,
and social contacts at distance. Technology is also likely to assist in filling the long-distance data
gap. Use of dedicated semi-passive Apps for long-distance travel tracking avoids many of the
complications encountered in App-based daily travel surveys. The long-distance data quality
from Apps will be dependent on sound frameworks for data tabulation that, as of yet, have not
been agreed upon for the long-distance domain.
This white paper suggests utilizing a common framework for long-distance data collection and
tabulation that re-defines long-distance travel into daily or overnight. We advocate using
overnight as the defining characteristic for data collection, which complements existing daily
travel surveys already capturing long day-trips. Within frameworks moving forward it is
important to clearly characterize all trip purposes, including mixed purposes and purposeless
travel, which comprise an appreciable portion of long-distance travel. Spatial data that
distinguish between simple out-and-back trips and spatially complex trips are necessary and
mobile devices have now made this measurement of long-distance tours feasible. In order to
truly model all travel in the current system, we must move away from the idea that most travel
is routine, within region, and home-based. Many people, especially the most frequent travelers,
have long-distance routines including multiple home bases. Additionally, our models should not
assume that travelers staying at a second home, hotel, or friend’s home travel like residents.
Efforts to measure and model non-home-based travel or travel at destination are essential to
accurately modeling behavior. Daily surveys such as the 2017 NHTS are increasingly doing this.
A nation-wide annual activity model of overnight travel must fully incorporate both surface and
air travel to allow full consideration of alternative future system scenarios.
The popularization of the automobile and then the proliferation of jet airplanes, now combined
with relatively low fares and higher deposable incomes, have brought long-distance travel at a
wider scale to a broader and growing spectrum of the population. This presents serious
questions regarding sustainability that require discourse in the public realm with informed
decision makers and an informed public. The most important first step for transportation
planners related to sustainability of the global long-distance travel system may be to
understand the implications of the system and to work towards public education and
conversation using the media or public involvement processes. Next action could include
v

increasing the coverage of long-distance travel within professional research and planning
conferences, forums, and academic programs – spaces where technical content remains
focused on daily regional travel.
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1. Introduction
1.1 Setting the Context
Truly addressing the economic, environmental, and social equity issues required to create a
sustainable global transportation system will require completely updating our existing planning
framework to include the study and modeling of travel behavior at a national level. This means
developing a framework that accurately represents travel of all distances, including the longdistance and intercity trips that have traditionally been considered ancillary to local, homebased trips. Daily home and work-based travel, which have been the focus of data collection
and models in the United States (U.S.) for many decades, are well-modeled by regional agencies
including metropolitan planning organizations (MPOs) and state Departments of Transportation
(DOTs). Academic researchers have also tended to focus their advanced modeling on daily
home-based travel within one’s region. Within the U.S., individual states motivated to improve
external travel representation for their state travel demand forecasting models have led the
way in long-distance travel data collection and modeling. Even these models of long-distance
travel, however, are lacking in detail and coverage, and generally do not address surface and air
modes in an integrated fashion. Thus we are left with a two-tier system of travel data collection
and modeling that routinely fails to produce the information needed to understand and plan for
evolving national and global travel behavior.
State and regional jurisdictional boundaries are no longer useful boundaries for demarcating
travel patterns or volumes. It is essential to take a national and global perspective in
understanding all passenger movements. These long-distance trips are increasingly routine for
some segments of the population, account for a significant proportion of total miles traveled,
and have undeniable impacts on quality of life, the environment, and the economy. Only the
USDOT has the scope to lead comprehensive data collection efforts based on new travel data
sources to model the increasingly complex global passenger travel patterns in order to guide
American infrastructure and system planning towards both accessibility and sustainability.
The looming promise of big data, especially passive and semi-passive mobile device data,
compel us to reflect on long-distance travel research conducted to date and to revisit why we
are interested in this travel as transportation planners. This reflection can guide in the creation
of parameters to define future data collection on long-distance travel. Planners concerned with
equity and accessibility might reasonably point out that our current travel survey data includes
only realized trips, not the desired or necessary trips that are forgone by some. In this context,
access or lack thereof, to destinations a “long” distance from our home represents social
network interactions, opportunities, and experiences that are important to well-being in
contemporary society. There is a need to ensure that new data collection systems include
unrealized travel.
While the topic of travel and travel behavior is of interest to a wide range of individuals, the
intended audience for this NCST white paper includes the transportation planners, travel
behavior researchers, demand modelers, and engineers that focus on passenger travel demand
forecasting, most often using data collected during the last 70 years from household travel
1

surveys. These professionals, whom I will collectively refer to as transportation planners, for
many decades have included a limited number of passionate advocates for the collection of socalled long-distance travel data describing non-routine trips outside one’s home community or
region. Despite their reasoned calls, no comprehensive year-long database of long-distance
travel has been collected in the United States since the 1995 American Travel Survey (ATS). The
U.S. lags other countries, especially several in Europe, in consideration of long-distance travel
behavior.

1.2 What Exactly is Long-Distance Travel?
Defining long-distance travel is one of the challenges to advancing data and methods. Longdistance travel in this white paper is defined broadly as “out-of-town” trips. These trips are
often intercity or inter-regional and may or may not involve an overnight stay. Generally they
are not trips that are made routinely on a daily or weekly basis, although they may be routine in
nature for some people. Europeans have typically used the term journey for longer trips away
from home that involve an overnight stay and this term could be used here interchangeably
with long-distance trips. Long-distance travel in this paper’s planning context includes travel by
choice for work or business and personal motivations, but does not typically include migration,
seasonal travel by migrant workers, or movements of refugees.

1.3 White Paper Outline
This white paper contains six sections. Section 2 sets the context by summarizing levels of longdistance travel and how these have grown over the last few decades. Section 3 describes the
connections between long-distance travel and sustainability arguing that the exclusion of this
travel from most datasets and models is of concern for measuring the environmental,
economic, and equity aspects of sustainability. Section 4 describes the research that has been
conducted to date on long-distance travel. While this section is focused on the United States, it
includes data collected and studies conducted in other countries. Section 5 describes definitions
and attributes of long-distance travel data with the goal of recommending common
frameworks for long-distance trip purposes and structures focused around an overnight-based
structure for data collection that complements well-established one-day travel diaries. The
paper concludes in Section 6 with the most pressing and pertinent research questions and
needed action related to long-distance travel and sustainability for transportation planners.
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2. Long-Distance Travel Over Time
2.1 Air Travel
Although we lack comprehensive, historic long-distance travel diary data, we can glean some
indications of the growth of long-distance travel in the U.S. over time using traffic volume and
annual enplanements within existing federal datasets. For example, growth in long-distance
travel is evident in air travel for which we have solid documentation of commercial
enplanements. It is reasonable to assume that almost all international air travel is long-distance
and that most domestic commercial air travel is long-distance. In Figure 1 the total international
air revenue miles are plotted with domestic air miles. The number of international air miles
relative to domestic passenger air miles has been lower in the past but is now increasing
significantly. In the last 4 years, international air miles have totaled more than domestic. The
Department of Commerce reports1 approximately 15% of international trips were for business
purposes. They estimate growth is significant at 4% average per year for international arrivals
and 2% average per year for outbound citizens. Figure 1 supports the premise that longdistance travel is very important to transportation planning at the nation-scale because it is
growing.

Figure 1. International and Domestic Air Revenue Passenger Miles
(Source: USDOT BTS https://www.transtats.bts.gov/Data_Elements.aspx?Data=3 accessed Sept 2018)

U.S. Dept. of Commerce International Trade Administration Industry & Analysis, National Travel & Tourism
Office
1
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2.2 Surface Long-Distance Travel Growth in the United States
Assessing possible growth in long-distance surface travel in the U.S. is more complicated than
air. Figure 2 shows the percent of passenger miles of travel (PMT) based on the USDOT Bureau
of Transportation Statistics (BTS) by mode. In this case, the passenger miles traveled by air,
Amtrak rail and motor bus are summed and taken as a percentage of all PMT. Transit,
commuter rail and other modes such as ferry are assumed local. Because the data table only
contains domestic air miles, the air miles value was increased by 50% to estimate international
air miles assuming domestic and international air miles are approximately equal (Figure 1) and
that one half of the international miles accrue to the other country. The percentage of
passenger miles traveled in the U.S. by air, rail and motor bus has been increasing for decades.
This suggests that long-distance travel may be increasing as a percentage of miles but is not
necessarily convincing without understanding what proportion of surface highway miles are
undertaken for local versus long-distance travel.

Figure 2. Approximation of Long-Distance Travel over Time based on Rail, Air and Bus Modes
Sources for Surface and Air: USDOT BTS Table I-40 Passenger Miles of Travel https://www.bts.gov/content/us-passenger-miles - accessed September 2018

The blue line of Figure 3 illustrates average national passenger miles of travel (PMT) calculated
by the USDOT based on traffic volume counts and vehicle occupancy averaged by year. This line
includes all surface modes. These are the data that generated so much attention in recent years
as planners debated whether passenger vehicle travel had leveled out in 2007 or whether this
dip was due to the economic slowdown (Circella et al., 2016; Peuntes, 2012). The main dip in
this graph is due to a method change in the data procedures. As vehicular travel has begun to
4

increase post-recession (including on a per capita basis), it now seems we have not yet peaked
in terms of highway vehicle mile of travel (VMT) or PMT regardless of calculation method. The
green line in Figure 3 is passenger miles of domestic air travel measured based on passenger
enplanements on domestic commercial flights in the U.S. Because the National Household
Transportation Survey (NHTS) conducted every 5-7 years has a deliberate focus on daily local
travel one might use the PMT calculated with these data to estimate surface daily (i.e. non-long
distance) travel. The NHTS excludes most long-distance travel by virtue of its one-day focus.
PMT based on the NHTS that includes predominantly non-long-distance travel is shown in the
square red boxes of Figure 3.

Figure 3. Approximation of Long-Distance Travel over Time in the United States
Sources for Surface and Air: USDOT BTS Table I-40 Passenger Miles of Travel https://www.bts.gov/content/us-passenger-miles - accessed September 2018
Sources for NHTS: Santos et al. 2011 and https://nhts.ornl.gov/ access September 2018
Approx. LD = three linear regression models for Surface - NHTS + 1.5Domestic Air

The approximation of average long-distance travel over time, shown in purple in Figure 3, was
calculated using three linear regression models, estimated for surface PMT, NHTS PMT, and
domestic air PMT. Modeled NHTS PMT was subtracted from modeled surface PMT to estimate
surface long-distance miles. One and one half2 of the domestic air PMT was added to account
for both domestic and an approximate number of international air miles. Only half of the

See Figure 4. International air passenger miles are about equal to domestic miles and half of those miles are
considered here as travel within the United States.
2

5

international air PMT was counted as described above. The regression models were used to
smooth out measurement error and to account for procedural changes over the years.
Although this is a very rough estimate of so-called long-distance travel over time, it fills a data
gap. We can estimate that perhaps 30% of the passenger miles traveled in recent decades in
the United States were long-distance travel. This is consistent with 22% 3 of miles traveled being
on trips over 100 miles in 1977 and 25% in 1995 (Zhang et al., 2012) neither of which included
an estimate of international air. This is lower but consistent with European estimates that range
from 30% to 45% (Christensen, 2016; Rohr et al., 2010; Frick & Grimm, 2014). Long-distance
travel comprises a relatively large and increasing percentage of total miles traveled in the U.S.
making it very important to transportation planning.

3

From http://www.fhwa.dot.gov/ohim/1977/l.pdf
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3. Long-Distance Travel and Sustainability
Transportation planners have come to view sustainability as requiring consideration of not only
the impact of transportation system operations on the environment, but also both the
economic and equity aspects of the system. The environmental impacts of the transportation
system are numerous (Table 1). Long-distance travel embodies many of these costs and
benefits, some societal and some individual (some both). Few studies consider the explicit
environmental impacts of long-distance travel and fewer still explicitly consider the negative
impacts of long-distance travel on the travelers themselves (Cohen & Gossling, 2015).
Incorporating measures and analyses of the sustainability of long-distance travel into policy
consideration is important given that long-distance travel is a large proportion of all miles
traveled and is growing. Both long-distance and more routine daily travel are responsible for,
and associated with, the negative environmental impacts in column 1 of Table 1. However, this
white paper focuses specifically on greenhouse gas (GHG) emissions (Section 3.1), not only
because it is a timely global policy concern, but because traveling longer distances inherently
requires more energy resulting in more GHG emissions. The complex comparison of GHG
emissions from surface and air travel requires further consideration and research. Section 3.2
discusses the economy, equity, and well-being aspects of long-distance travel suggesting that
equity and well-being have been overlooked in the glow of the economic benefits associated
with long-distance travel.
Table 1. Costs and Benefits of Long-Distance Travel
Environmental Costs:
• Noise
• Atmospheric pollutant emissions
(greenhouse gasses (GHG), other
gas emissions, particulate
emissions and air toxics)
• Storm water quantity (primarily
due to impervious surfaces)
• Pollutants to surface and ground
water (including those related to
winter maintenance)
• Use of land and loss of natural
areas, habitat fragmentation
• Solid waste

Other Costs:
• Financial costs
• Public Infrastructure
Costs
• Injuries and Fatalities
• Physical human health
• Time away from home,
home social network
and family
• Productivity losses
• Energy for fuel
• Time
• Emotional health

Benefits:
• Opportunity and
experience
• Cultural exchange
• Economic
development
• Social network
maintenance and
development
• Break from routine
• Leisure
• Employment
• Emotional health

3.1 Greenhouse Gas Emissions and Long-Distance Travel
In 2016, transportation accounted for 28% of the U.S. GHG emissions (EPA, 2018). Of these
emissions 9% were from aircraft and 2% from rail (EPA, 2018). The atmospheric emissions
associated with long-distance travel are an important externality that transportation planners
have neglected in consideration of travel behavior change. We have for example, undertaken
policies, programs, and infrastructure changes to encourage non-motorized and transit
7

commutes to work, without typically considering the impacts of the commuters’ long-distance
air travel over the year which may represent more impact (Ottelin et al. 2014).
Considerable attention has been paid to the favorable emissions profile of rail, particularly
electric rail, when considered per passenger-mile. van Goeverden et al. (2016) estimated the
CO2 emissions associated with different modes of long-distance travel in grams per passengerkm in Holland using 2011 data. Passenger rail had one-third the emissions per passenger-km
compared to automobile for personal trips. Alternatively, critics have aptly pointed out that
vehicle occupancy matters in the consideration of emissions on a per passenger mile basis. In
2015, the FAA (2015) reported the energy per passenger-mile of rail travel in the U.S. was only
slightly lower than air (both rail and air lower than car or bus) presumably in large part due to
passenger vehicle occupancy; trains and buses are often less full in the U.S. Chang and Kendall
(2011) demonstrate that California high-speed rail (HSR) GHG benefits are a function of
ridership levels.
Chester and Horvath (2012) illustrate that environmental impacts assessment for modal
comparisons requires life cycle methods, electricity source identification, and consideration of
future vehicle technologies. They point out that HSR has the potential to reduce environmental
impacts of long-distance travel in some corridors in the U.S. but that policy decisions must
consider 1) train size and service levels, including ridership, 2) infrastructure construction, and
3) fossil fuel intensity of the electricity sources. The summary of discussion from the
International Transport Forum meeting in 2009 pointed out that standard rail may be
undervalued and under considered; it may be the better choice for minimizing environmental
impacts (OECD, 2010).
Airline and airplane affiliates are appropriately pleased to point out that energy use per
passenger mile traveled by air has been cut by as much as 45% of its 1968 level (Kharina &
Rutherford, 2015). This progress can be attributed to many factors including airplane and
engine design, operational changes in air and on ground, and higher airplane passenger
occupancy. A significant proportion of the energy used for a flight is during takeoff and to some
extent landing. van Goeverden (2016) documents regional air (< 1000km) as half the efficiency
per passenger-km than longer haul (>1000km). The relative comparison of air to HSR is context
dependent (Chester & Ryerson, 2013; Givoni 2007) with only some conditions showing positive
comparison for rail. The “greenness” of rail over air cannot necessarily be assumed (D’Alfonso
et al., 2015). Assessment of airplane emissions is further complicated by the reality that
airplanes emit pollutants at altitude in the atmosphere. The levels of emissions are poorly
understood and hard to quantify given changes in location and conditions (Environmental
Impacts of Aviation Committee, 2014)
In terms of emissions impact, one must consider the reality that unlike automobile trips, bus,
air, and rail require ground access and egress. An air trip is very rarely door-to-door like one can
achieve in a personal vehicle. One must take care not to compare the door-to-door energy of
an automobile trip to only the line haul impacts of the mass modes (Chester & Ryerson, 2013).
Chester and Ryerson (2013 & 2014) outline the structural differences between air and HSR
8

travel (and thus also conventional rail) that make modeling and comparison challenging.
Airports serve regions and rail lines serve corridors. Air has nodes across the globe and the
distances between are connected by service provided by private service providers. The
expensive infrastructure investments are made at airport nodes, and connections and routes
between these nodes can change with service schedules. Rail infrastructure investment is more
difficult to change because rail is not spatially flexible. Coordinating planning, assessing
competition, and evaluating the sustainability between these modes is not unlike comparing
apples to oranges. The scale is off not only in terms of trip lengths, but also what can become
accessible over a given time horizon.
Ultimately, the challenge of integrating planning models of surface and air modes is the very
distinct nature of the airline industry compared to public sector highways and household-based
vehicles. Airlines undertaking air service planning are large private companies seeking to make
a profit. They sell and market a service between city pairs, thus, their interest in ensuring
demand levels are served is different from that of the public highway planner. Yet the future of
minimizing GHGs from the long-distance portion of the transportation system will increasingly
fall towards understanding the impacts of air travel and for this to happen comprehensive
assessments must account for all modes in the full system.

3.2 Sustainability in Terms of Economy, Equity, and Well-being
3.2.1 Economy and Growth
The American Travel Association estimates that in 2017 travelers in the U.S. spent just over $1B
that generated $2.4T in economic output and 15 million jobs (1 of 9 jobs in the country) (U.S.
Travel Association, 2018). This is true beyond the U.S. as well where tourism in Organization for
Economic Cooperation and Development (OECD) countries represents 5% of gross domestic
product (GDP), 6% of employment, and 21% of service exports (ITF OECD, 2015). This direct
contribution to the global economy is one way to consider the importance of long-distance
travel. Any measure to limit growth in long-distance travel as suggested above for
environmental reasons would undoubtedly lack support for economic reasons. Alternatively,
increases in long-distance highway travel are undoubtedly contributing to increased congestion
with effective negative impacts on both freight and passenger transportation which has an
economic cost.
Of importance to both infrastructure planning and sustainability is the question of how much
more growth we can expect in long-distance travel. There is significant data supporting the
association between air service and economic development of a region (Derudder & Witlox,
2016, Baker et al. 2015). On a country level, gross domestic income per capita is strongly
related to scheduled airline seat capacity (Bowen, 2014). The direction of the causation
between air travel and economic activity varies between studies (Hakim & Merkert, 2016; Van
de Vijver et al., 2016). There has been an “iron law” in recent economic history that GDP per
capita is proportional to passenger km of travel per capita (Schafer & Victor, 2000). Rising
household incomes have traditionally led to more travel distance often representing constant
travel time but purchasing faster speeds to go further. This long-standing assumption is coming
9

into question. In some U.S. metropolitan areas, for example, the long-assumed positive growth
of GDP as a function of increasing VMT is not seen in recent years (Kooshian & Winkelman,
2011). Crozet (2010) presents data for European nations also showing a decoupling of GDP and
mobility. Leunig (2011) illustrates that transportation access is in many ways a necessary but
not sufficient requirement for economic growth.
Consideration and forecasting of long-distance travel growth requires consideration of the
drivers of travel as well as a potential saturation point. A decoupling of GDP and travel does not
necessarily mean that there has been a saturation of long-distance or air travel and Crozet’s
models of France suggest we are a long way from saturation. While mechanisms proposed to
explain reaching a saturation or peak level of travel differ, there is a general sense that a
saturation level must exist (Goodwin, 2012). Gillen (2010) outlines the historic drivers of air
travel as increases not only in GDP, but also income, trade, changes in international
agreements, and air carrier business models. Future projections based around GDP are high as
much as 5% per year through 2030. Gillen argues that trade and service levels matter most to
passenger air travel demand and suggests that projected growth rates will be lower than what
is widely accepted because the increases in demand from system and international policy
changes have already accrued. The International Air Transport Association (IATA) (2018)
recently announced their 2017 statistics indicating that airlines globally carried 7.3% more
passengers in 2017 compared to 2016. The largest increase was in Asia (10.6%) while North
America was considerably lower (3.2%). Their press release points out that in 2000 the average
global citizen flew once every 43 months, but in 2017 this figure was once every 22 months.
Graham and Metz (2017) suggest that growth rates are an indication of whether any service is
approaching saturation. When a new service such as air travel is first introduced the growth is
low, then there is rapid growth as awareness of the service increases. Finally, as the system
approaches saturation the growth rate slows. Air growth can happen when existing flyers fly
more and/or new flyers start flying. Using UK survey data, Graham and Metz (2017) document
that the reasons for a person not flying in a year are very diverse and do not suggest that the
individuals will remain non-flyers. Graham and Metz (2017) cite IATA and AirBus data on flights
per year by country. High-income countries average 1.48 flights per person per year while
North America alone is 1.59 and Europe is 0.99. Low income countries average 0.04, and the
Asia Pacific averaged 0.24. Growth rates are not slowing and these data suggest saturation
levels have not been reached. Long-distance travel is going to continue to see significant
growth globally. Realized passenger long-distance travel is undoubtedly related to wealth.
Sustainable development presents the possibility that people in poorer nations will have
increased resources, including accessibility to destinations, which in turn will increase longdistance travel.

3.2.2 Equity and Well-being
Long-distance trip purposes (which are described in detail in section 5.3) include vacation and
leisure, visiting friends and family, exploration and adventure, but also travel for services such
as medical trips, shopping, or other personal needs. These out-of-town long-distance trips,
regardless of distance, are increasingly what we associate with quality of life. Those without
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access may miss the opportunity to accrue social capital. Alternatively, many of these trips, say
for work, may degrade quality of life. Increasingly, access to air travel (in terms of affordability,
airport proximity, or service levels) defines access for out-of-town long-distance travel. Thus, in
many ways, air access in current times may be a determinant of quality of life.
Many groups are recognized as typically underserved in terms of their daily mobility needs
(work, food, school, medical service) within our existing transportation system: racial groups
(Bullard et al. 2000; Bullard et al. 2004) immigrants including refugees (Bose, 2013; Bose, 2014)
low-income households (Bullard & Johnson, 1997), senior citizens, disabled individuals, and
children. There has been sparse, if any, study of how the need for out-of-town travel manifests
for these groups and whether their needs are well-served. Comprehensive considerations of
equity in transportation access do not include consideration of long-distance travel or
destinations at distance (Karner et al., 2016, De Vos et al. 2013). Delbosc (2012) tabulates prior
studies of transport and well-being, none of which are U.S.-based and none of which include
long-distance travel.
The economic justice aspects of transportation facilities on minority and disadvantaged
communities are increasingly recognized. Historically, lower income neighborhoods have been
in closer proximity to airports, highways, and railroads, suffering disproportionately from noise
and local air quality impacts. These facilities, especially airports, include those that have been
expanded to serve increasing demand for long-distance inter-regional travel. However, there is
limited focus on the relative differential burden of system externalities compared to the
demand for these long-distance services by population groups. While a limited number of
people benefit from improved global mobility, there are limited measures of who lacks out-oftown travel access.
The role of equitable access to destinations at distance and the role in human well-being is an
important consideration related to sustainability and the global long-distance transportation
system. As social networks expand, due in many cases to migration, relationships require travel
for maintenance. Participation in important family and friend functions such as weddings or
funerals may require travel (Urry 2002). Leisure travel offers access to education, experience,
and opportunity. While some services such as medical or other personal business require travel.
One may think of personal social capital in relationship to mobility, but this relationship is
undefined. One can hypothesize the shape shown in Figure 4. At the low end of mobility on the
left one can suppose immobile individuals without access beyond their own community lacking
access to employment, adventure travel or time with distance family or friends. At a certain
level of mobility there is a large jump in well-being potentially due to access to family or
services. As mobility increases, more social benefits accrue until maximum slope is reached and
then fewer additional benefits are obtained from each additional unit of travel. Ultimately, too
much travel compromises quality of life. Perhaps this is the case of the overburdened work
traveler. It is difficult to imagine generalizing this curve. But we can begin ask how to calibrate it
for different individuals. It is reasonable to think of a targeted lower level of mobility for some
people where individual benefits are reasonably high but fewer miles minimizes environmental
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damage. At the same time others require increases in mobility for reasonable social gain. The
personal cost and benefit of a marginal passenger mile of travel varies by individual and by
purpose. These policy questions cannot be answered without representative measures of
realized long-distance travel as well as assessment of unmet intercity travel need.

Figure 4. Proposed Relationship Between Long-Distance Travel and Well-being
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4. Prior Long-Distance Travel Research
Piecing together what we know about long-distance travel patterns in terms of who is traveling,
where they are traveling, and how often they travel is complicated by definitional limitations
and a relative dearth of data. Existing research conducted in the U.S. and internationally
provides an important general understanding of socioeconomic, spatial, and life cycle patterns
in long-distance travel. But data and models are limited. Current efforts at modeling are
increasingly nation-wide and new “big data” efforts form a basis for opportunities moving
forward.

4.1 Early Years of Long-Distance Travel Modeling in the U.S. (pre-1995)
It is interesting to note that in the early years of transportation planning and highway
infrastructure building in the United States that the focus was on intercity or long-distance
travel not the metropolitan travel and state-based models that dominate transportation
planning today. Originally, the automobile was a “pleasure vehicle” and as a result the first
highways led from the city into the countryside, not from city to city (Weiner, 1999). However,
by 1921 the Federal Highway Act recognized the need for a continuous national highway
system and by the early 1930s most population centers were connected in some way by
highway (Weiner, 1999).
The initial focus of the federal government on a system of U.S. highway routes was intended to
connect regions and the later Interstate highway system was intended to connect urban areas
with a population of 50,000 or more. In 1944, this directive was expanded when the Bureau of
Public Roads was directed to build inter-regional highways linking communities of greater than
10,000 people and the first travel surveys were conducted (Weiner, 1999). Early on, it was
recognized that rural highway volume growth was greatest on the segments that linked urban
areas (Morf & Houska, 1958), a recognition of long-distance intercity travel.
As urban transportation and housing issues gained attention in the late 1940s and early 1950s,
the federal aid highway program expanded its aims and investments increasingly toward
provision of urban freeways. With the continued needs in urban areas, data collection and
modeling focused on the urban areas. This focus was institutionalized in 1962 when
Metropolitan Planning Organizations (MPOs) were created for urbanized areas of 50,000 or
greater population. In most cases, MPOs create and maintain travel demand forecasting models
that rightly or wrongly are the main driving forces for the travel data collection efforts in the
U.S. Even by 2007 there was little direct federal involvement in modeling and states and MPOs
remain the main developers of travel demand models with half of the states and 85% of the
MPOs involved in travel demand forecasting modeling (Committee on the Determination…,
2007).
Since the 1950s, air and rail planning has focused on what we would most certainly term
intercity, long-distance travel. These modes were important in the early years of transportation
planning in the U.S. The earliest gravity models were applied to air travel (Richmond, 1957).
Richmond hypothesized that intercity travel would be proportional to population and inversely
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proportional to distance but that this would not be strictly true for air. Population was not all
that mattered; measures of attraction such as hotel stays were considered by Richmond.
Moreover, he suggested based on data between Dallas, Texas and 32 other cities in 1957 that
the frequency of air service would also affect ridership.
Congressional calls for a national study of both passenger and freight travel dates back at least
as far as 1948 (Hansen et al., 1963). Highway Research Board (HRB) panel discussants in 1961
reiterated the desire for a program to document flow of commodities and passengers by land,
air, rail, and water. With the Interstate highway system underway, the HRB panel noted that
agencies could not make infrastructure decisions emotionally or by rule of thumb (Hansen et
al., 1963, p. 157). Origin destination flows as well as social or economic factors were seen as
essential data for model development. These early calls for both passenger and freight data
were predominantly intercity. Appropriate methods for origin destination surveys were a
specific main focus of discussions due to their complexity and intercity travel analyses were
core to this discussion (Hansen et al., 1963). Stakeholders recognized that the comprehensive
data collection would be expensive and require careful design. They discussed the need to
measure individual attributes and economic driving factors to facilitate forecasting. The
concerns and debates of 1961 do not differ significantly from those heard in recent years at TRB
meetings regarding long-distance travel, including the debates regarding how to integrate
federal and state roles.
The first planning modeling methods in the 1960s and 1970s were intercity applications. Burch
(1961) applied a gravity model to 5 cities in North Carolina. Alcaly (1967) used 1960 data for 16
city pairs. Lave et al. (1977) used 1972 census data to consider price elasticities for 33 city pairs.
Most long-distance models of the era were aggregate mode choice in specific corridors.
Meyburg (1972) modeled the northeast corridor between 1940 and 1960. Koppelman (1989)
used the 1977 NHTS to model long-distance mode choice between 130 city pairs. In the 1970s
disaggregate intercity mode choice models appear advancing methods beyond the aggregate
models (Leake & Underwood, 1978; Watson, 1974). However, disaggregate models did not
quickly become commonplace meaning that the advocating for disaggregate models continued
into the 1980s (Koppelman & Hirsch, 1986).
In the 1960s, considerable effort was made to formalize state planning structures (Breuer,
1969; Elkins, 1969; Shiatte, 1969) including data systems to support planning programs (Shafer,
1969). The 1962 Federal Highway Act created the transportation planning process. State-based
origin and destination studies were conducted by several states. The first years of state-wide
transportation planning in New York State are documented in a full volume of the Highway
Research Record (Highway Research Board 1969) in which the tremendous growth of air travel
is noted as producing severe congestion near airports. By 1969, airports were recognized as
having special significance in overall transportation planning in that they “constitute points of
transition between intercity and intracity travel” (Lardiere & Jarema, 1969). At the time,
significant attention was being paid to airport ground access. Note that the NY, DC, and Boston
airline shuttles providing frequent, near on-demand service without reservations were
introduced in 1961.
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Through the 1960s, high-speed or improved rail service was considered with study between
Albany and New York City, as well as from Montreal and Buffalo to New York City (DiRenzo &
Rossi, 1971). In 1965, 42% of person-miles traveled in New York State were estimated to be
outside of the seven designated major urban areas. It is interesting to note that the
competition between, and importance of, surface and air travel in the intermodal system was
widely recognized in the 1960s and 1970s, and yet, to this day, integrated models that treat
surface and air modes together using person-based disaggregate analyses barely exist.
Assessing diversion to rail, including high-speed rail, a common recent motivation for longdistance modeling, was undertaken in the 1970s (DiRenzo & Rossi, 1971; Cohen et al., 1978;
Stachurski & Rice, 1981). The importance of terminal access, egress, and parking was
recognized in early research (Leake & Underwood, 1981). Focus included both business and
non-business purposes. Interestingly, the motivations for considering intercity models as
documented in 1981 included short-takeoff and landing aircraft (like those being hyped by Uber
for urban rooftop service today), high-speed rail, and energy conservation (Leake &
Underwood, 1981).
In 1984, Koppelman et al. documented a comprehensive review of intercity models from the
mid-1960s to mid-1980s. They attribute the limited development of long-distance travel models
to four factors. First, intercity infrastructure was about linking the nation, which had been
accomplished, it was not about reducing congestion, a more pressing problem starting in the
1950s. Second, the data were complex and limited. Third, there was a lack of understanding of
the behavioral factors influencing intercity travel. Finally, the transportation problems of
concern during that period were not between urban areas but within urban areas. Regrettably
little has changed since Koppelman’s assessment. Notably, within the factors he lists, he
indirectly says that we could not study long-distance travel because we lacked data as a result
of focusing on more pressing concerns related to congestion in urban areas. The overwhelming
focus on urban congestion, to the exclusion of other topics, was noted earlier by Hansen et al.
(1963) as well. The recommendations of needs for intercity travel modeling is also documented
by Rice et al. (1981) writing from a Canadian perspective. This team echoes the calls of
Koppelman for data as well as the development of disaggregate models.
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Figure 5. Intercity Travel Choices in Context (adapted from Koppelman and Hirsh, 1986)
Koppelman and Hirsh (1986) recommend a framework for disaggregate long-distance travel
models that is still the state of the practice today (Figure 5). Their four-step framework (Figure
6) may be lacking in terms of dealing with multi-purpose and multi-stop long-distance trip tours
but it is important to note that the way we conceptualize modeling intercity travel has not
changed in 30 years. The details of sophisticated models have not been pursued due to lack of
data even though Koppelman and Hirsh recommended specific variables for collection. It is
notable that even at this early date this team was recommending collection of locations and
including multi-stops in their framework. The predominance of states and MPOs and the failure
of long-distance travel to fit within their jurisdictional boundaries is undoubtedly a factor in lack
of progress.
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Figure 6. Details of the Modeling Framework (adapted from Koppelman and Hirsh, 1986)
In short, after the initial provision of intercity highway infrastructure, long-distance travel data
and modeling yielded to a focus on urban mobility and congestion problems which were by the
1950s considered significant and urgent (Owen, 1956). Despite widespread acknowledgement
of the need for intercity transportation planning, aggregate models in select corridors led to
few advanced models through the 1980s. Calls for more disaggregate models of intercity travel
saw few answers in the 1990s (Abdelwahab et al., 1992; Bhat, 1997; Forinash & Koppelman,
1993; Larson, 1993). Air travel was relegated as an external link that connected to regions
beyond the jurisdictions of those agencies directly participating in transportation planning. And,
in 1995 the call for a national census of transportation was finally fulfilled for passenger travel
with the ATS. However, the frameworks and conceptualization of models to consider intercity
long-distance travel have changed little since their inception as established in the 1970s and
1980s.

4.2 Long-Distance Travel Research After the 1995 ATS and into the 2000s
The execution of the American Travel Survey in 1995, as well as the start of several surveys of
national travel in the late 1990s in Europe, coincided with more significant changes in the global
transportation system. Most important among these changes was the rise of information and
communication technology (ICT) that altered the landscape of social networks and work places.
Significant travel has become commonplace for an increasing number of global mobile elite.
The factors affecting long-distance trip rates and mode choice described here are only generally
well-known from a limited number of national as well as a limited number of specialized
surveys. While social science research has explored certain aspects of the new long-distance
mobility landscape, confounding factors and causal influences in a demand modeling sense are
not fully understood.
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4.2.1 Long-Distance Travel Data
There is a reason U.S.-based planners still hark back so frequently to the American Travel
Survey of 1995 (for example Van Nostrand et al. 2013 uses the ATS and the 2008 FHWA Traffic
Analysis Framework dataset which relies on the ATS). The survey was large and nationally
representative including 80,000 households in an era when survey response rates had only
started to plummet. The coverage included all types of travel to destinations 100 or more miles
from home. Participants were interviewed approximately every three months for a full 1-year
study frame. This year-long scope is the only way to reasonably include within person variation
or patterns. Moreover, it also allows for accurate rates for lower volume travelers and for trip
purposes that are undertaken less frequently. Place locations were geocoded in the ATS for
distance calculations (Hwang & Rollow, 2000). Interestingly, trips in this survey included longdistance commutes that are often definitionally excluded in more recent long-distance survey
questions including the 2017 NHTS.
Traditionally household-based surveys in the U.S. have been conducted through interviews,
then phone, and now typically on-line. Most of the surveys from which established knowledge
on long-distance travel behavior is drawn may be classed as either 1) add-ons to daily
household travel surveys or 2) specialized dedicated long-distance travel surveys. The most
common type in the U.S. has been the add-on survey where participants are asked about trips
over a certain distance threshold one-way in a time period ranging from two weeks to three
months prior to their travel dairy day in the household travel survey. In the best cases, diary
materials are provided to assist with tracking so that data describing each individual trip can be
collected. But for the most part, these surveys provide general measures of relative trip-making
and do not include mode or travel details including destination locations (geocodes are rarely
collected). Add-on surveys rarely provide useful data for trip destination or mode analysis. They
are typically used for trip rate estimation and comparison of the relative travel between subgroups of the population. Survey burden is a problem including the resultant underreporting,
especially as these questions are often at the end of the other parts of the long daily travel log.
In the 2017 NHTS, six states that participated in the “add-on” elected to ask participants about
long-distance travel with their limited number of extra questions. In Arizona, California, Iowa,
North Carolina, and Maryland, participants were asked the number of non-commuting trips
greater than 50-miles one-way in the last two months (Westat, 2016). In Texas, the same
question was asked with a threshold of 75-miles one-way. Few details about these trips were
queried due to space limitations, but in Arizona and California some purpose information
(business or personal) was collected as well as mode and most frequent city and state traveled
to for Arizona residents.
The most comprehensive long-distance add-on survey was conducted as part of the 2001 NHTS.
In this case, the add-on survey was a fully-dedicated long-distance survey where information
about each trip including mode, purpose, and travel party size were gathered. The daily and
long-distance surveys of 1995 were effectively combined and long-distance became an add-on
to the NHTS 2001. The scope of long-distance trips (> 50-miles from home) in the last 4 weeks
and the last trip if none were undertaken during the 4-week period were collected. Data were
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included from approximately 45,000 long-distance trips from 26,000 households.
Unfortunately, combined methodological changes in 2001 compared to 1995 resulted in
limitations to the use of the long-distance data on sub-national scales (Sharp and Murakami
2005).
The 2001 NHTS long-distance data have been well-used, and are still in use, though the survey’s
limited 4-week collection period is often considered a limitation. The challenges of recall period
have been widely debated without clear resolution. Christensen (2017) has recently
experimented with measurement of details of the most recent or last long-distance trip using
the date of the last and second last trip to extrapolate rate over time. Bricka and Sabina (2012)
also incorporate most recent trip to explore recall periods. They ultimately recommend 4weeks but their analysis regarding the time since trip showed that the distribution of trip
purpose, mode, and distance changed when more time prior to the survey was included.
Axhausen et al. (2002 and 2007) utilized 6-week diaries including interviewers in Germany and
Switzerland. Bias and recall challenges were not as problematic in their European context but it
is doubtful such labor intensive or burdensome efforts could be undertaken in the current day
U.S. Importantly, the authors recommend a minimum of 2-weeks in order to observe dynamic
variation in daily travel. One might therefore hypothesize a much longer time period is needed
for full long-distance travel activity space studies. The pilot tests for the 2012-2013 California
Household Travel Survey (CHTS) explicitly tested whether in a large enough sample enough
long-distance trips could be collected in a one-day survey to avoid the recall periods. They
concluded the sample sizes would need to be unfeasibly large. They elected to perform an
“add-on” 8-week retrospective survey for long-distance trips with some of the participants.
The 8-week retrospective survey of the 2012-2013 CHTS included a full long-distance add-on
with trip details including locations for a subset of participants. All adult respondents were
instructed to use a long-distance log to record all trips in the preceding eight weeks with a oneway travel distance of 50 miles or more. As the CHTS included more than 42,000 completed
household surveys and captured 77,000 long-distance trips (Kunzmann & Daigler, 2013) it is
one of the best most recent U.S.-based resources of long-distance travel. Unfortunately, several
challenges were encountered during the survey administration that, while contributing to
increased knowledge regarding best practices for long-distance data collection, reduced the
analysis options feasible with the CHTS long-distance data. One recent paper (Davis et al. 2018)
used the data with latent class methods to propose a typology of tour types: vacation, business
travel, medical, and shopping. Bierce and Kurth (2014) also used the CHTS, but research papers
using these data have been limited.
In 2003, a long-distance travel dataset was piloted by the Ohio DOT in three different phases
and included at total of 551 households in Columbus, OH. The data were collected using either
a two- or four-week retrospective survey. The threshold for collecting long-distance trips in this
data collection effort was 40 miles and they collected relatively fewer travel variables. Ohio's
state travel model has for some time included a nation-wide network with smaller zones as one
moves away from the state within which they model trips over 50-miles in length in a two-week
period. The model is integrated with the state-wide model (Erhardt et al., 2007). This is one
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approach to nation-wide or long-distance modeling. Out-of-country is not included and each
state has its own data and zone/network system. Ohio has remained committed to the
incorporation of long-distance travel in its state-wide program and has pursued some of the
first dedicated mobile-device-based long-distance surveys. Other leaders have included
Michigan where long-distance trips over 100-miles were measured using add-ons in 2005 and
2009. Colorado collected long-distance trips over 50-miles in an add-on between 2009-2012
(Bricka & Sabina, 2012). Utah included a long-distance supplemental survey in 2012 (RSG,
2013). In 2005, a peer exchange on statewide travel demand modeling was still identifying longdistance as one of seven important topics (Giaimo and Schiffer, 2005). Of the 12 states
participating, nine did long-distance modeling in some way. These models included longdistance surface but not air trips. Nonetheless there is still a call for data, rural trip rates, and a
national travel model from this peer exchange.
In Europe, researchers have had the advantage in that national travel surveys have often
included comprehensive long-distance travel questions relying sometimes on international
travel as the definition. The early national surveys with long-distance questions asked of at least
a subset of participants include France in 1994, Austria in 1995, Sweden starting in 1996,
Denmark starting in 1996-1997, and Portugal in 1996 (Axhausen, 2001). Four of the five surveys
used 100km as the definition of a long-distance trip but reporting periods lasted only 2 weeks
to 3 months. Long-distance travel is a large enough phenomena that no one survey ever
encompasses all aspects of it. In the case of Germany for example, in 2002, 2008, and 2016 the
Mobility in Germany survey included 1 day of travel plus a long-distance module for up to 3
journeys that involved an overnight stay in the last 3 months. The German Mobility Panel has
been conducted every 3 years since 1994 and includes 7 days of travel, some of which may be
long-distance. The Tourist Travel Survey has been conducted annually in Germany since 1970
and includes 5+ day journeys for the past year collected through interviews. Efforts to
standardize European Union (EU) methods have been on-going and continue (Axhausen, 2001;
Kuhnimhof et al., 2009; Ahern et al., 2013; Aparicio, 2016). Respondents in Europe are still
more tolerant of burdensome surveys and willing to provide data for public planning. Many of
the summaries of known factors in long-distance travel have come from European studies. It is
not unreasonable to assume these general trends between the U.S. and Europe are similar. In
Canada, the Travel Survey of Residents of Canada has included monthly measurement of
domestic overnight travel in the tourism context since 2005 although it reduced in scope in
2011 to limit survey length. These Canadian data have not been modeled in the travel demand
context.
Comprehensive specialized long-distance travel surveys in Europe began in 2001-2002 with the
DATELINE survey conducted in 16 countries and carried out monthly with a new sample of oneyear for trips greater than or equal to 100 km. Building on the Methods for European Surveys of
Travel (MEST) and the DATELINE, the KITE survey in 2008-2009 also focused specifically on longdistance travel for two 8-week periods for 100 km or longer trips for Switzerland, Portugal, and
the Czech republic. The first two study areas were conducted by phone and the third by face-toface interview. These studies have made important methodological contributions but also
provide some of the important insights into the factors affecting long-distance travel.
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Recognizing the time frame and geographic coverage limitations of long-distance survey data in
the U.S., the Federal Highway Administration (FHWA) created the traffic analysis framework
(FHWA, 2015) modeled presumably on the nation-wide freight analysis framework data
established two decades earlier. The need for the data was stated to be more related to the
disproportionately large amount of VMT in long-distance trips as opposed to the proportion of
long-distance travel comprising congestion in urban areas, which was assumed to be relatively
small (FHWA, 2015). The effort combined existing data sources and modeled county-to-county
flows for automobile, air, bus, and rail using numerous data sources for 2008 and forecasted for
2040. Attention was paid to correcting for border impacts and special patterns in Alaska and
Hawaii. Released in 2015, the data have not yet seen widespread use or validation. It is
interesting to note that the effort still made significant use of the 1995 ATS data as it is large,
representative, and one-year in duration.
Some of the most detailed information about long-distance travel has come from qualitative
and interview-based studies. Larsen et al. (2006) conducted interview-based research with 24
respondents in the North-West of England (Liverpool and Manchester). They compared
domestic and international travel for individuals in three different professions and considered
travel related to the home locations of their important social contacts. Travel levels varied by
group with the professionals making more trips and although social network location mattered,
the direction of causality was unclear. Larsen et al. (2006) and Aultman-Hall et al. (2018) both
recommend future surveys seek a better sense of social context and social network geography.
Ullman (2017) interviewed 24 women in Vermont and also recorded the home locations of 13
of their personal contacts. Ullman was motivated by the role of long-distance travel in wellbeing and did find a general relationship between satisfaction with life and the frequency of
visiting friends and family. Her interviews suggested access to long-distance destinations was a
factor in quality of life.
The long-distance travel data, especially that collected in the U.S. since 1995, is relatively
limited. Research on data collection methodologies suggests that a long study time frame (oneyear) and perhaps panels are needed. It has been suggested that we gather not only data on
specific trips but also more qualitative and social relationship data than has been typically
pursued in daily household travel surveys. While convenience samples have successfully
allowed a recent one-year U.S.-based panel of long-distance overnight data (Aultman-Hall et al.,
2015), and have promise for modeling destination patterns (Harvey & Aultman-Hall, 2018), they
are not representative for overall long-distance trip rate measurements. Thus, the challenge of
obtaining representative samples of long-distance travel profiles remains. The ATS 1995
remains the gold standard for the U.S. Unfortunately, even with a significant increase in
resources, survey response rates preclude collection of this type of data in the U.S. at this time
and most likely in the future.

4.2.2 Factors Affecting Long-Distance Trip Rates
Many of the papers published from the surveys above are related to survey methodology and
understanding better ways to measure long-distance travel. But in some cases at least some
analyses of factors affecting trip rates and mode choice have been conducted. Trip destination
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however has rarely been considered. In very few studies do we have databases that are large
enough to allow for multivariate analysis, variable interactions, or advanced modeling. The
descriptive associations typically tabulated may not always be causal and important factors may
not be controlled for. Table 2 outlines in general terms the sociodemographic factors that have
been found to be associated with the number of long-distance trips undertaken by an
individual. Of these factors, income is most certainly the largest and most important factor
(Valdes 2015).
Table 3 tabulates the number of trips greater than 50-miles in the last 2-months reported by
2017 NHTS participants who reside in California (data from the California NHTS add-on
questions). Rates are weighted for Census-based population using weights provided by the
NHTS program. Of particular note here, is the large standard deviations – long-distance travel is
highly variable. General patterns found in the literature in Table 2 can be seen in this table. The
California data show that older people travel less, men travel more than women for work, and
travel increases with income and education. Note the lower rate in the highest category of the
income and education variables. This result was error checked. Relationships are not
necessarily linear. Urban residents travel more and people with children in some cases travel
less (often related to the number of adults in household).
Some researchers have studied business travel specifically (Jeong et al., 2013; Presser &
Hermson, 1996) but increasingly more research is turning to the more common personal longdistance trips. For example, in Michigan in 2015 (McGuckin et al. 2016) there were 2,015 survey
trips over 100-miles in the last 3 months. Only 12.8% of trips were for business or work. Visiting
family and friends comprised 31.5% of trips with other personal purposes measuring significant
proportions: vacation was 28.5%, sightseeing, recreation, and entertainment was 16.3%, and
shopping and social was 16.5%. Moving forward it will be important to determine which factors
are associated with personal travel. It is clearly ideal to define segments of travelers based on
multiple factors. For example, Davison and Ryley (2013) show in their studies of air travel
behavior that the long-distance traveler market is divided meaningfully not only by having
children but also by retirement. Although the segments are different from each other, multiple
factors are at play for each group. For example, some retirees may fly more and others less,
having the time to drive. Tourism travel patterns have been known to change with time over
one’s life cycle and have cohort effects (Oppermann, 1995). Recent research work includes
analysis of the role of prices that vary based on the traveler and circumstance. (Becken and
Schiff, 2011.
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Table 2. Socioeconomic Factors Affecting Long-Distance Trip Rates
Socioeconomic Impact
Factor
Income
Widely demonstrated in all countries with
studies that show as income increases, levels
of long-distance travel increase. Higher
income persons are more likely to fly.
Education is confounding.

Gender

Men are typically found to travel more but
this is likely associated with men undertaking
more work travel. Possible cohort effects over
time are not clear. Some studies show women
travel more for leisure.

Age

Older and younger people travel less than
middle age adults but the breakpoints in age
and the reasons for the relationships are not
measured. This factor may be confounded
with income and may also reflect mobility
limitations of aging.
Children in the household are almost always
shown to correlate with fewer long-distance
trips but this is not always the case as it varies
by trip purpose and number of adults in the
household with single parents traveling less.
In some studies urban dwellers travel more
potentially owing to airport access, income, or
lifestyle. However, in other studies rural
residents make more long-distance surface
trips possibly for access to services.
Those who travel for work may have more
total trips but not necessarily fewer personal
trips.

Children in the
Household

Urban versus
Rural

Work

Select References
Mallet 2001
Georggi and Pendyala 2001
O’Neill and Brown 2001
McGuckin et al. 2016
Dargay and Clark 2012
Limtanakool et al. 2006a
Limtanakool et al. 2006b
Rohr et al. 2010
Collins and Tisdell 2002
Limtanakool et al. 2006a
and 2006b
Gustafson 2006
Jeong et al. 2013
Bose et al. 2004
Collia et al. 2003
Bose et al. 2004
Anderson & Langmeyer
1982

Aultman-Hall et al. 2016
Dargay and Clark 2012
Davison and Ryley 2013
McGuckin et al. 2016
Holz-Rau et al. 2014
Berliner et al. 2018
Limtanakool et al. 2006b
Naess 2006
Czepkiewicz et al. 2018
Aultman-Hall et al. 2016
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Table 3. Trips Greater than 50 miles One-way in Last 2 Months - NHTS 2017 California add-on
Rates are weighted for population
representation
N=55,819

Age (Years)

Sex
Race

Income ($)

Education

MSA Category

Life Cycle

< 18
18-25
25-40
40-55
55-70
≥70
Male
Female
White
Black
Asian
< 25k
25k to 49.99k
50k to 99.99k
100k to 149.99k
150k to 199.99k
>200k
< High school grad
High school or GED
Some col./Assoc. deg.
Bachelor's Degree
Grad/Prof degree
MSA 1mil+ w/ rail
MSA 1mil+ w/ out rail
MSA < 1mil
Not in MSA
Young, no children
1 adult, kid(s)
2 adults, kid(s)
Retired, no kids

Business
Trips
(/2 months)
Mean SD
0.2
2.2
2.2
9.6
2.2
6.1
3.0
8.9
2.5
7.1
0.9
2.9
2.7
7.9
1.7
6.3
2.2
7.1
3.2
10.6
2.3
7.4
2.2
7.8
2.3
9.3
2.1
6.1
2.4
7.4
2.8
8.1
2.2
5.1
1.5
5.6
3.5
11.3
2.4
8.2
2.5
6.6
1.9
4.9
2.2
6.7
1.9
6.3
2.8
9.3
1.6
4.7
2.7
7.5
2.4
9.5
2.3
7.6
1.2
4.5

Personal
Trips (/2
months)
Mean SD
5.5
10.5
4.5
7.4
5.1
10.1
5.0
9.0
4.6
6.4
4.3
7.1
4.9
8.2
5.0
9.5
5.0
9.0
5.0
8.0
4.9
9.0
5.3
10.8
6.3
12.1
4.4
6.7
4.8
8.4
5.0
9.6
4.1
5.9
4.5
8.0
5.0
9.2
5.0
8.4
5.1
9.9
4.4
6.7
5.0
9.0
4.5
8.5
5.1
8.7
4.8
7.6
4.7
8.0
4.3
5.4
5.3
10.4
4.4
5.9

Other Trips
(/2
months)
Mean SD
0.4
1.5
0.4
1.9
0.5
2.7
1.0
6.4
0.9
4.4
0.7
2.7
0.8
5.1
0.6
2.8
0.5
3.0
1.1
2.8
1.2
7.6
0.9
2.2
0.9
4.0
0.7
4.6
0.3
2.0
0.8
7.6
0.5
2.9
0.5
1.7
0.9
5.2
1.0
5.1
0.5
3.9
0.5
3.4
0.7
4.7
0.6
3.7
0.7
2.5
1.2
3.8
0.9
6.1
0.7
2.7
0.5
1.8
0.9
4.2

Our limited databases leave determining what proportion of the population is making the longdistance trips an open question. Frandberg (2009) presents a unique study in which 8 different
groups of secondary school seniors were studied with respect to their mobility biographies.
Transnational mobility, or aeromobility, was found to vary considerably with an elite urban
group having access to significant holiday leisure travel. Frandberg and Vilhelmson (2003)
indicate 3% of the Swedish population makes 25% of the international trips. The hypermobile
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were defined as making more than 6 international trips in 1999-2000. This group was
predominantly male, higher income urbanites. This status was related to business travel.
LaMondia et al. (2008) have modeled how much time is allocated to vacation travel over the
year. Jara-Diaz et al. (2008) have estimated microeconomic models of the value of leisure to
consider time allocation. Lanzendorf (2002) has compared the weekend leisure patterns of four
neighborhoods in Germany. The role of loyalty and return visits (LaMondia & Bhat 2012;
Nicolau, 2010; Oppermann, 2000) is important in both transportation planning and the tourism
industry. Destination choice models using predictor variables such as travel time, costs,
coastline, and weather have recently been used for sophisticated models of vacation
destination choice (Van Nostrand et al., 2013) albeit still with the 1995 ATS data. Recent
research has even addressed the role of smartphones in the tourist experience (Wang et al.,
2012).
Often, we do not have the time series data to understand changes over time. In Norway,
(Denstadli et al., 2006) a comparison of the 2005 to 2001 national survey showed an increasing
number of trips. Frick and Grimm (2014) outline a comprehensive list of factors moving into the
future expected to influence the relative amount of travel in Germany. They expect an increase
of long-distance travel associated with an increase in the relative mobility of the older
generations. They also expect increased long-distance travel due to increased urbanization.
Many factors studied relate to changes in the economy such as digitization, globalization,
consumption demands, and multi-local lifestyles. They predict both positive and negative
impacts of these factors on long-distance travel. Increased energy costs, concerns for
sustainability, natural hazards, and political instability are expected to decrease travel.
Increased supply (i.e. service levels) is expected to increase travel, although not necessarily for
everyone.

4.2.3 Factors Affecting Mode Choice
It would seem at first thought that models of mode choice between surface and air travel
would be important and common. Early aggregate corridor level models in the 1960s and 1970s
were focused on mode. Yet recent long-distance travel mode choice models are extremely
limited in number. Although, conducting descriptive tabulation of revealed mode use is
straightforward, a choice model requires delineation and attribution of both chosen and
unchosen alternatives that an individual faces. Long-distance travel surveys often but not
always document the mode chosen. However, unchosen modes are not queried and thus must
be assumed with modeled attributes. Even if one can assume that both air and surface modes
were considered for a particular origin and destination pair, air-based accessibility is hard to
measure and includes many variables. Price, an obvious motivator of travel decisions, is
complicated to estimate for any mode, but especially for air.
Generation of attributes describing the air travel options between origins and destinations in a
long-distance dataset has been challenging. As shown in Figure 7, the travel time and cost of an
air trip is comprised of access, egress, and many elements of wait time in airports and on
airplanes between origins and destinations. Some individuals have several viable alternative
25

airport choices at both the origin and destination end of trips. In other cases, travelers have no
viable air option for their origin and destination. Modelers have demonstrated that travelers
make variable choices of airports (Kim & Ryerson, 2018) including traveling to airports further
from home presumably to save airfare costs or to access direct flight service. The closest airport
is not always the airport used so consideration of the relative cost of the air mode must
incorporate the associated alternatives for surface travel as well. Even if the airports are
known, there are usually several routes available to travelers involving non-stop flights and
flights with transfers. Table 4 demonstrates the number and variability of flight options in
current domestic airport pairs. We derived these data by considering 132 main commercial
airports in the U.S. and using the FAA DB1B data4 for 2017. This table shows the mean number
of transfers included in routes actually ticketed and used by passengers for airport-to-airport
distance ranges. As trip distance increases on average, the number of transfers increases but in
all distance ranges, the variation in number of stops is high. Understanding which of these
variable options a traveler considers is difficult to formulate for inclusion in a mode choice
model.

Figure 7. Accessibility Between Origin and Destination for Air Versus Surface Transportation
Table 4. Average & Standard Deviation of the Transfers Between Airport Pairs by Distance
N=16,571
Mean # of
Transfers
Standard
Deviation

0-250 mi.
n=580
0.44

250-500 mi. 500-1000 mi. 1000-1500 mi.
n=1,970
n=5,384
n=4,366
0.66
0.82
1.0

1500-2000 mi.
n=2,630
1.15

>2000 mi.
n=1,641
1.16

0.49

0.44

0.47

0.47

0.39

0.41

DB1B is a 10% sample of airline tickets from reporting carriers collected by Office of Airline Information of
the Bureau of Transportation Statistics. https://www.transtats.bts.gov/DL_SelectFields.asp accessed
September 2018.
4
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Similarly, rail and bus access and egress is feasible in a limited number of areas in the U.S.
Within the northeast corridor of the U.S., rail dominates for trips under 300 miles and air
dominates over 300 miles (Chester & Ryerson, 2013). Behrens and Pels (2012) study the
implementation of high-speed rail between London and Paris to consider its impact on air
travel. They indicate travel time and frequency matter most to business travelers but that price
matters most to leisure travelers. Ultimately their findings suggest competition will decline over
time. Keep in mind there is no driving option between London and Paris due to the English
Channel thus simplifying the analysis.
Cho (2013) in his University of Florida thesis attempted to develop the travel time and other
attributes associated with all mode options for trips for Florida in the 2009 NHTS – it was
challenging. Monzon and Rodriguez-Dapena (2006) recommends non-random sampling only for
specific OD pairs to overcome choice modeling challenges. Rohr et al. (2010) estimated a
nested choice model for the UK. Ashiabor et al. (2007) estimated a U.S.-based county-to-county
mode choice model using a measure of airport access based on the 1995 ATS data. Moeckel et
al. (2015) developed a nested Logit choice model for North Carolina using the 2001 NHTS.
Significant efforts have been invested in modeling mode choice related to high-speed rail in
California (Outwater et al., 2010), although the data have not always been ideal (Koppelman et
al., 2011). Models addressing HSR and air substitution in Spain have not shown that HSR is
necessarily a substitute for air travel (Catillio-Manzano et al., 2015). There are enough reports
of long-distance mode choice models to affirm the feasibility of their estimation, but the
availability of data for their creation is limiting.
In general, travel behavior experts assume and agree that long-distance mode choice depends
on number of people in the travel party, locale, distance, and rural versus urban locations
(Larsen et al., 2006). Some people are just not flyers for a range of personal reasons (Graham &
Metz, 2017). Frick and Grimm (2014) consider the percent of 5+ day holiday trips by mode in
Germany between 1954 and 2012. In 1954, approximately half of these trips were by train.
Since 1990, train and bus usage has remained almost constant, but airplane usage has sharply
increased and automobile sharply decreased. The automobile enjoyed a significant increase
through the 1970s and has since declined. Graham (2006) describes that recent increases in air
travel may be more associated with relative ticket price reductions than with income increases.
A common mode choice oversimplification is often made that at some trip length threshold
most shorter trips are made by automobile and longer trips by air. The association between
mode and distance is not clear-cut. Data from the 1-year Longitudinal Survey of Overnight
Travel (LSOT) panel illustrate that this is simply not a strong assumption (Figure 7). In this
limited convenience sample of only 628 individuals, numerous trips to destinations less than
500 miles were made by air and some under 250 miles were also made by air. Similarly, a
notable number of trips over 2,000 miles were made by automobile and a few surface trips
over 3,000 miles were undertaken. None of the alternative threshold combinations tested
increased the strength of tour generation models as a function of socioeconomic variables
(Aultman-Hall et al. 2016). Working with only a subset of tours so that air and surface travel
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times and costs could be estimated, LaMondia et al. (2018) have been able to show with LSOT
data that travel time by highway and cost of air are significant predictors of mode choice.

Figure 8. Long-Distance Overnight Tour Frequency by Air (N=5,849 tours)
(Source: Aultman-Hall et al., 2016)

Integrating air and surface network systems and methods to measure air trip attributes
including accessibility measured as travel time, cost or both is essential for national mode
choice modeling of behavior in today’s global transportation system. Indeed, it is even essential
for metropolitan and state models in many cases. In the last two decades, there has been a
merging of urban and long-distance travel congestion concerns. Long-distance throughtravelers undoubtedly comprise a sizable portion of metropolitan congestion, airport
destinations represent a significant and congested trip end within the highway system, and rail
and air congestion in certain locations rival highway. Technology has brought the globe
together and the need to study globe-scale travel is more pressing than ever. Disaggregate
mode choice models have been called for for decades and are more essential now than ever.

4.2.4 Technology and Mobile Social Life
While long-distance travel demand models have comprised a limited amount of the literature
since 1995, there has been increasing attention during this time period to the spatial societal
changes that apply directly to the study of long-distance travel. Larsen et al. (2006) critiques
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transportation researchers as having ignored the social dimension of travel focusing instead on
an individual’s travel decisions for given purposes as well as focusing on routine trips to the
exclusion of leisure travel. At the same time, viewpoints such as those in Putnam’s Bowling
Alone (2000) see mobility, and in particular driving and commuting, as undermining social
capital and community. Travel has been for many years considered placeless and rootless, it is
the time between activities. Travel time was seen as an impedance, a measure to be minimized
as the base assumption and driver of the demand models. But researchers have now
demonstrated quantitatively that there is some positive utility to travel time beyond that
obtained at the destination activity (Ory and Mokhtarian 2005, Mokhtarian et al. 2015, Russell
and Mokhtarian 2015)). People are not necessarily seeking to minimize their time traveling
(Salomon and Mokhtarian 1998).
During this same era, social science research is suggested by Larsen et al. (2006) to have
ignored mobility despite recognition of the importance of migration, pilgrimage, war and trade.
Social scientists have focused on local community and face-to-face spatial arrangements of
social networks. Urry (2002) points out that sociology has traditionally studied people and
groups as organized in social structures based on physical proximity. He argues a need to adapt
frameworks within a culture of hypermobility or limitless travel. The idea of mobility being a
social activity in and of itself is increasingly being addressed. Goetz and Budd (2014) include the
context that air travel and mobility embodies social and cultural geography. An airplane flight
for example is undertaken in a place, a place with social experiences.
Larsen et al. (2006) point to four types of social networks in particular that rely on long-distance
travel: mobile professionals, long-distance relationships; fragmented families; and diaspora
families. In these examples, one can understand that the tradition of modeling individual travel
attracted to certain destinations ignores important relational commitments and social
obligations. Halfacree (2012) defines place-based identities in the era of mobilities focusing in
particular on those that are counterurban such as second homes in rural areas distinguishing
between people by their frequency of travel to and from the city as well as the distance
involved.
Travel has become an entitlement and the idea that one should travel is rarely questioned in
our society. Travel is a major component of status and the idea of home has become dispersed.
Mobility means power and social capital in our global society. Because travel is now pervasive
in social life there is no simple way to say which journeys are necessary versus discretionary.
Long-distance travel includes obligation to people and the social purpose of maintaining
relationships as well as the obligation to events within one’s social network such as weddings or
graduations, but there is also an obligation to place (Larsen et al. 2006). People can elect to
travel to maintain a relationship with their special “places”. This might be due to ancestral
family ties as documented by Ullman (2017) or simply a type of place loyalty revolving around
attachment to the location as documented by Oppermann (2000) and LaMondia and Bhat
(2012). Jansson (2016) uses the term mobile elites. He equates freedom and social success with
global travel, longer stays, an internationally oriented career and extensive leisure travel. These
mobile elites move because they want to, not because they have to, as is the case for migrant
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workers and refugees. On the other hand, social need or obligation to social elements is
significant within these long-distance trips and an element of non-discretionary travel
undoubtedly needs to be incorporated into long-distance model frameworks in some way.
Urry (2002) has explored types of travel with a sociology lens. Urry defines types of travel in
these new social spaces in which we can have “global intermittent co-presence” as 1)
movement of objects i.e. freight; 2) imaginative travel such as the radio or TV; 3) virtual travel
such as the internet and phone; and 4) corporeal or physical travel. He sees humans as seeking
proximity in order to have face-to-face, face-to-place and face-to-moment experience. Urry
presents face-to-face co-location as important for facilitating human touch and building trust.
However, as one reads, Urry’s writings from 2000 forward (Urry 2002), the sense that virtual
travel cannot fully replace or substitute for co-presence seems to decrease. Sheller and Urry
(2006) present social networks as an essential component of the increasing dynamic space
created by transportation and communications together.
One cannot ignore the role of information and communication technology (ICT) in driving the
global mobile society that results in increasing long-distance travel. Communication devices by
their nature are a connection to another place other than the one where you are. There was a
brief moment and time where ICT was seen as a potential driver to reduce the demand for
physical travel. Yet it is now widely accepted that the opposite is true (Dal Fiore et al. 2014).
Larsen et al. (2006) among others use the term network capital to capture these elements of
society that facilitate networking beyond one place such as mobile phones, internet services,
social contacts at distance, time, money, safe meeting places and movement capability. More
simply, network capital is communication, transportation and places. The mobile society is
maintained by travel in which communities exist and interpersonal meetings take place.
Interestingly, the probability of chance meetings held as so crucial in Bowling Alone (Putnam
2000) is lower in a physically large social network. Encounters must be scheduled (Larsen et al.
2006). Within people’s overlapping multiple networks there are both strong and weak ties. The
relative number of these ties varies between people and has the potential to change over time.
Traditionally, social network analysis has considered the tie strength and degrees of separation
but not location and movement. Recent studies consider the frequency and character of
meetings whether face-to-face, electronic or otherwise (Larsen et al. 2006). As Larsen et al.
point out technology allows for the constant coordination of space and time. Technology allows
for the maintenance of relationship at distance sparking more physical long-distance travel.
Jansson (2016) introduces a special issue of the European Journal of Cultural Studies that
includes consideration of the emotional and potentially social costs of long-distance travel. The
network or cosmopolitan capital that mobile elites possess does not solely represent positive
utility to the individual. The authors consider the need to define an everyday territory or home
geography. They delve into questions we do not yet have full answers to regarding emotional
investment in places, the mobile elites’ value for co-presence and intimacy, and the potential of
a longing for home. Technology and mobile lifestyles undoubtedly make disaggregate modeling
of long-distance destinations complicated. Research thus far suggests a need to expand and
consider the geography or spread of one’s social network as well as a person’s travel history
30

including potentially places lived. These social dimensions are not currently measured in travel
surveys and suggest value in longitudinal data for the demand modeler.

4.3 Current Research: National Annual Models and “Big Data”
In 2004, Miller presents a review of the challenges in the intercity travel demand model realm
echoing the challenges noted in prior reviews (Koppelman et al. 1984). Oddly enough, Miller
compares long-distance trips within the travel demand forecasting profession to the corpse of a
man named Harry that keeps turning up in unexpected places at decidedly inopportune times
in a 1955 Alfred Hitchcock movie. This white paper attempts to demonstrate that by 2018, longdistance travel is beyond inopportune for demand models, it is simply not possible to consider
overall transportation systems while excluding it. Miller’s review outlines well the pressing
model needs related to mode choice including accounting for new modes, modeling access and
egress behavior, and the need for disaggregation. Writing 15 years ago now, Miller advocates
for accomplishing meaningful long-distance models on a corridor basis in critical corridors.
However, growth in the last 2 decades have complicated the long-distance travel landscape.
New models must not just incorporate air but also expand globally and incorporate the
explosion of technology affecting travel behavior. Having failed to reasonably survey longdistance travel data for more than a few sub-national models (California and Ohio being the
exceptions), researchers are now turning to “big data” as a solution that will not only address
the response rate challenges of travel surveys but also measure long-distance trips over long
time periods and wide space. Unfortunately, it is not yet clear how the complex motivations for
travel as well as the interplay with technology and social networks can be measured in the “big
data” approach.
One important step in establishing sophisticated long-distance travel models is movement to an
annual activity time frame. In a recent modeling effort for the FHWA Bradley et al. (2016) took
an activity-based simulation approach to nation-wide long-distance travel using several existing
data sources. Synthetic households were simulated in terms of auto ownership, number of
tours, duration, travel parties, destination and mode. The 2001 NHTS long-distance data were
augmented with state data from Ohio (2003), Colorado (2010) and California (2012). The effort
included 4486 zones consisting of counties in rural areas and smaller Census-based zones in
urban areas. Input variables included population, employment and university enrollment.
Validation was conducted against FHWA’s 2008 Traffic Analysis Framework (TAF) county-tocounty origin-destination data by mode as well as by consideration of sensitivity to certain
socioeconomic parameters. This national model has since been integrated with a state model
for Tennessee (Bernardin et al. 2017). A similar annual activity-based model is under
development at ETH Zurich (Janzen et al. 2018). All of the literature reviewed here reinforces
the appropriateness of one-year activity models focused on overnight locations.
The existence of both a U.S.-based and a European-based annual activity model for longdistance travel is very encouraging. The challenge remains the disaggregate data to calibrate
these models. Household travel surveys have endured as the standard source of detailed origin
and destination information together with individual and economic predictor variables but have
failed to provide routine and detailed long-distance trip information. It is doubtful given the
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challenges related to response rates even after a move from interviews to phone to Internet
that long-distance can be added in detail to existing surveys. As outlined by Janzen et al. (2018)
mobile device-based data collection offers distinct benefits to specific long-distance data
challenges. A larger number of people and months can be collected. Mobile devices can be
tracked for longer periods of time addressing the problem that one-day travel surveys do not
collect a long enough time period to capture a sufficient number of longer trips. Location does
not rely on participant recall or accuracy. Under-reporting is presumably minimized and nontravelers are included leading to more accurate trip rates. Mode can be assumed to be easier to
infer for long-distance versus local trips given that locations of airports and rail lines are known
and that speed can be accurately estimated. The sequence of annual overnight locations
advocated here as the best complement to daily household travel surveys is routinely inferred
from mobile devices by the private sector for numerous applications.
A survey of practitioners undertaken in 2014 indicated wide-spread interest and even pilot
users of passive travel data but also a need for research on certain methodological challenges
and the development of accurate processing methods before wider planning agency use is
expected (Lee et al. 2016). Assessment of the implications of the use of mobile device-based
surveys are still very much under consideration (Antoun et al. 2017). Most of the App-based
travel data collection efforts to date have been in conjunction with a daily household travel
survey or focused on methodological development (Safi et al. 2015, Greene et al. 2016). The
key new contribution of the mobile devices to long-distance travel data is that locations are
typically collected automatically reducing the participant burden even if details are checked
with the user. For decades researchers have demonstrated that devices providing locations
improve recall error problems in travel surveys (Murakami and Wagner 1999, Bricka and Bhat
2006, Wolf et al. 2003).
There are presently two ways that mobile devices provide location data from which we can
extract origins, destinations, routes and mode whether for local daily or long-distance trips: 1)
locations based on cell tower triangulation when the device interacts with towers in some cases
extracted from anonymized billing data; or 2) GPS-based location from a specialized travel App
or another App recording location by time. Most of the studies of mobility to date are focused
on local travel or general movement (Alexander et al. 2015 for example). Janzen et al. 2018 use
the cell-based method for a study of long-distance travel in France documenting better
coverage of long-distance trips compared to the national travel survey. Bekhor et al. (2013)
used cell phone location in Israel for long-distance travel study. Limitations of the cell-tower
method include that locations are not known except when the device is used. Atlanta-based
AirSage Inc. is the most long-standing private source of cellular based locations for travel origin
destination (OD) data in the U.S. AirSage and other providers generally provide OD matrices to
specific regions and states. However, our group has successfully used AirSage data for longdistance analysis to compare relative rates of destination choice by home location (Harvey and
Aultman-Hall 2018). As with any proprietary data source, opportunities to validate the OD
information are limited.
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Using the GPS location from mobile devices in early applications suffered from battery drain
and excessive data plan usage. These challenges have diminished. A number of private firms are
selling transportation data including locations derived from travel-specific Apps but also other
secondary Apps. Several university-based research groups have developed travel Apps, some
for travel survey type data collection (Zhao et al. 2015, Jariyasunant et al. 2014). User-tailored
surveys to collect trip purpose and travel party can be easily pushed to mobile devices thereby
gathering the information beyond origin and destination needed for modeling. Few academic
journal articles on these research endeavors exist because the devil is in the many details and
high quality full functioning travel survey Apps are very limited in number. RSG Inc.’s mobile
App rMove (Flake et al. 2017 and Greene et al. 2016) originally developed for general travel
surveys has been tested several times for long-distance travel data collection. The App itself
performs well documenting traveler data, gathering trip purpose and party, and tracking
location (using GPS). It has been recently used for a two-week period including consideration of
social networks (Calastri et al. 2018). Ohio DOT has conducted multiple long-distance data
collections with rMoves for 6-months at a time (Ritter et al. 2017). In 2016-17, the data
collection moved to 6-month collection for Franklin county Ohio. This is part of a planned 10year 10-region rotating data collection in Ohio that represents an important commitment to
long-distance travel modeling for Ohio DOT, but an important data collection research effort
that will benefit all transportation planning.
Our group had the opportunity to analyze the 2015-2016 rMove pilot long-distance data from
the Columbus, Ohio area. In working informally with the high quality location data derived from
rMove our group assesses that there are not accuracy problems about the technology but
rather a failure of the professional community defining what data we want from Apps. Where
the App is weak is in trying to parse data into the distance-based thresholds such as 50-miles
that persist in the planning agency frameworks. As undertaken long-distance trips have many
legs, some of which are meaningful (a meeting along the way, an overnight at a hotel) and
some of which are not (an airport transfer, a stop for gas and dinner). Every leg over 50-miles is
not a trip. Apps would be better suited for overnight travel data collection where less
information may be required of the participants and where the artificial need to divide trips in
segments over 50-miles would be eliminated. Considerable effort and logic is also required to
address the complex spatial patterns in long-distance trips described in Section 5.4. Our longdistance data tabulation frameworks still persist with out-and-back 2-leg definition of trips but
the Apps are of course recording the full range of stops in complex spatial patterns. The data
quality from Apps will be dependent on good frameworks for data tabulation that as yet we
have not agreed upon for the long-distance realm.
Use of dedicated or secondary Apps for long-distance or overnight travel eliminates many of
the concerns about devices in daily surveys. For example, the device not being taken on short
local trips presumably does not apply to long-distance travel. However, our work in Vermont
suggests older, less educated or poorer travelers may not have smart phones with the GPSbased location (Aultman-Hall and Dowds 2017). Use of call records including all cell phones not
just smart phones might include more diverse groups.

33

In Vermont, recent experimentation with overnight and long-distance App-based data
collection was positive (Kaufman and Galford 2017). In this case, locations data were extracted
from a secondary App and participants were interviewed to obtain actual overnight locations so
that a source of validation data were available. A dwell time at a location combined with
distance traveled was used to parse data into segments. The logic was challenged by airport
stops to transfer airplanes and was better suited to overnight location collection rather than
trip segment or leg identification. Semi-passive Apps conduct this validation in real time asking
for post-trip or end of day travel log checks. It is still unclear how this burden impacts data
collection. For overnight travel surveys, the number of questions could be reduced to a
minimum of once per day while away from home.
Even before the recent release of the 2017 NHTS, the FHWA announced NextGen NHTS (Jenkins
and Pu 2018) would be a combination of OD data purchased from private sector big data
providers and a smaller more focused travel survey. It is unclear how long-distance travel will
be incorporated into the new survey program but the intention is that all trips regardless of
length will be included in the national OD. This is one important step forward. Undeniable
energy is now focused on the use of big data for travel demand models and other system
planning. It is however not clear that that vision extends explicitly to long-distance nation-wide
travel with global connections. The existing annual activity models require predictor data and
thus the transportation planning community must converge on a framing for long-distance
travel and ensure base questions for trips away from home are included in the new NHTS
instruments and surveys conducted by other agencies. Limiting user questions to overnight trip
purpose and travel party might be all that is necessary to provide sufficient information that
cannot be obtained automatically from an App. It would be regrettable if the distance-based
definition of long-distance travel persisted into the new era of data collection.
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5. A Framework for Moving Forward
The goal of this section is to suggest a common framework for long-distance data collection and
tabulation that re-defines what constitutes long-distance travel into daily and overnight travel.
This section describes in detail the myriad of distance-based definitions of long-distance travel
in use and their challenges before turning to discussion of long-distance trip purposes. The last
sub-section closes by pointing to the elaborate spatial patterns inherent in long-distance travel
requiring that future models be more spatially complex than current ones.

5.1 Considerations in Long-Distance Travel Definitions
Regardless of the specific distance threshold used (50, 75 or 100 miles in the U.S. and 40 or 100
km in Europe), distance-based definitions have been problematic. This definitional limitation
has been long-recognized (Madre and Maffre, 1999) but action on change slow. There is
general agreement that long-distance travel is increasing worldwide and thus the challenges
with defining it are becoming increasingly troubling to planners and must be addressed. The
research community’s current de facto distance threshold for a long-distance trip is in essence
some of those trips that we do not collect enough observations of in our one-day household
travel surveys. Long-distance trips are simply what we miss in an outdated data collection
technique. When researchers and planners endeavored to begin collecting household travel
survey data in the 1950s, these out-of-town or even overnight trips were less common and
therefore safely relegated to outlier status. Given increases in air travel, growing mega-regions,
increased standards of living and discretionary income, cultural changes, relatively inexpensive
air fares, and spreading social networks, the so-called long-distance trips represent more than
outliers in daily lives and routine travel profiles. Travelers are making more trips and more
people are traveling. This distance-based definition does not represent a natural or logical
breakpoint in travel phenomenon that defines a limited number of trips for research, modeling,
or planning. Moreover, it does not correspond to what is routine as originally intended which
was implicitly daily.
Travelers in society do not often, if ever, use the term “long-distance trip.” One may speculate
that we all “know” what a “trip” is – it is when we pack a bag and leave town. For data
collection purposes it would be useful to have a clear definition understood by the public.
People struggle with many concepts in a travel survey (return home trips and stops along tours
for examples) necessitating careful design. In long-distance surveys respondents have been
shown to inaccurately estimate one-way distance thus leading to inaccurate reporting. This has
been improved some with use of on-line maps. However, a definition based on an overnight
stay might be better understood by the public making the overnight definition well-suited for
travel surveys. Conducting overnight travel surveys is also the complement that collects what is
not contained in daily travel surveys. One-day surveys already capture long-distance day-trips.
Overnight location is also straightforward to extract from GPS or mobile device-based location
data.
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The dichotomous framework of long-distance and non-long-distance travel that is intended to
be utilized for data collection and planning is outdated. Moreover, long-distance travel surveys
are rarely conducted. Transportation planners have inadvertently created a “bucket” of trips
classified under this so-called long-distance definition that are incredibly diverse, increasingly
important, and woefully understudied in part because the data are so hard to collect. A
distance of 50 miles is smaller than numerous metropolitan areas, the commute distance for
many people, and a day-trip for many purposes. Often discussions revolve around updating the
threshold for this distance-based definition. Every distance threshold results in overlapping
subsets of trips and has inclusion and exclusion errors. This white paper recommends overnight
as the appropriate complement to daily travel allowing all trips within an appropriate spatial
area to be extracted for particular policy and planning applications from paired data collection
efforts, one daily and one overnight.
In summary, distance threshold has been used historically to define a long-distance trip but we
know this is problematic. There are not logical universal breakpoints in travel phenomenon,
regional variability is large and people cannot estimate distance accurately. We explore these
and other definitional problems in more detail below and ultimately recommend using
overnight as the defining characteristic for data collection that completes daily travel surveys
and complements annual activity model development.

5.2 From 50-miles to Overnight
The prevailing definition for long-distance travel with transportation planners in the United
States stems back to the 1995 ATS and remains embedded in the 2017 National Household
Travel Survey (NHTS) and the 2013 California Household Travel Survey (CHTS), two of the most
recent large comprehensive passenger travel datasets available publicly in the United States. In
these two recent cases, the primary survey was focused on collecting one full day of realized
travel or trips from all members of the household. Although the sample sizes were large
(129,112 households for the 2017 NHTS and 42,431 households for the 2013 CHTS), it was
considered impossible that enough so-called long-distance trips would be included in a one-day
travel diary and thus supplemental or “add-on” questions about long-distance travel were
asked. This assumption was validated in the CHTS pilot survey effort. In both cases, a subset of
participants were asked how many non-commute trips they had made of 50 (in the Texas NHTS
case 75) miles one-way in the last 8 weeks (or 2 months). These add-on questions represent
what is commonly considered long-distance travel by transportation planning professionals in
the U.S.: trips longer than 50-75 miles one-way that are not commuting. In some cases, 100
miles is used as the threshold, harkening back to the 1995 ATS. The 1977 National Personal
Transportation Survey (NPTS) collected two-weeks of trips ≥75 miles and filtered to trips ≥100
miles one-way for reporting.
There are simply no single thresholds of distance or space-based definitions that serve any
meaningful purpose for nation-wide travel data collection in the modern global system thus
creating limitations in subsequent modeling or research. Trip distance distributions are
continuous, not bimodal. Figure 9 illustrates the distribution of maximum distance from home
for respondents that had a stop over 50 miles from home on their single assigned travel day in
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the recent 2017 NHTS. Using the census block group for national data, city and state/province
for Mexico and Canada, and the city and country for international destinations, we were able to
calculate the maximum distance from home for persons in the U.S. on their travel day. This
measure has the added advantage of including people who are on a long-distance trip during
their travel day (for example, a Kentucky resident who makes three walking trips while in
Washington, DC on their travel day). It also includes people whose individual trip legs may have
been less than the threshold but for whom total travel was longer in distance. Note in Figure 9
that a relatively large proportion of the national sample (6.7%) was at some point more than
50-miles from home on their travel day.

Figure 9. Number of People by Maximum Distance from Home in 2017 NHTS
(N=17,647 people with one stop >50 miles from home, Ntotal = 264,235; axis is truncated at 600 miles)

Figure 10 includes the nation-wide sample as well as five states in different regions. This figure
illustrates that trip distance distributions are undoubtedly dictated by the spatial distribution of
opportunities or destinations surrounding origins and they vary from region-to-region with
infrastructure and service levels. In recent research (Harvey and Aultman-Hall, 2018) that
considered the relative distance from home over two months in 2013 for thousands of cell
phone users residing in Chittenden County, Vermont, spikes were found in the number of
observed travelers in Chicago, and the major metropolitan areas of the east and west coasts.
Trip length or distance distributions for trips made from a particular origin are a function of the
spatial arrangement of destinations or opportunities around that origin. If there is very little
population and few activities in the 50- to 99-mile radius around a community (the case
presumably for many people in Texas and Georgia in Figure 10), few people will travel to
destinations in that distance range. These regional differences have been previously noted by
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others. Bricka (2001) found travel differences between residents of New York and Oklahoma. In
other research, type of home location has been shown to affect travel (Holz-Rau et al. 2014,
Limtanakool 2006b, Naess 2006). Steiner and Cho (2013) find trip distance differences and
spatial pattern differences by region for long-distance travel in Florida. These findings
demonstrate that a single distance threshold defining a long-distance trip cannot be established
nation-wide.

Figure 10. Distance Distribution of Respondents at Least 50 Miles from Home on Travel Day
(NHTS 2017) by State
For a long time, researchers have attempted to use multiple ranges to represent different levels
of long-distance travel. In early work, Blumer and Swan (1978) labeled 100- to 400-mile trips as
short-haul for air modeling. In 1979, Stachurski (Stachurcki and Rice 1981) defined 0 to 800 km
as short, 800 to 1,600 km as medium, and 1,600 to 6,400 km as long. Recently, the
Transportation Research Board (TRB) Special Report 320 on inter-regional travel focused on the
100 to 500 mile range, indirectly defining medium and long-haul based primarily on data from
the 1995 ATS as well as the assumption that trips over 500 miles are made primarily by air
(their focus included significant consideration of rail). In our recent work (Aultman-Hall et al.,
2016) we sought to evaluate breakpoints in distance distributions using one year of geocoded
overnight tour data for 628 survey panel participants from North America collected in 2012 and
2013 (the Longitudinal Survey of Overnight Travel (LSOT)). While results were presented for
breakpoints labeled regional (50-249 miles), inter-regional (250-499 miles), continental (5002,999 miles), and intercontinental (≥3,000miles), statistical evidence of natural breakpoints
corresponding to these convenient labels or others was not found.
These out-of-town “trips” that we all supposedly know when we see them, may be long in
physical distance, (as in greater than 50 or 75 miles one-way), but they may not be. Although
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different trips mean different things to different people, it is doubtful people use a distance
threshold to classify travel in their own mind. People may consider long trips those that require
longer travel times even if the distance is shorter. Some vacations are very close to home yet
involve overnight stays. Moreover, long day-trips are common, especially for those with good
airport access at both the origin and destination end of the trip. In particular, one must
acknowledge that long-distance day-trips, including work or business trips, are viable within
both the east and west coast mega-regions of the U.S. as well as from either coast to some
destinations in between. Figure 11 illustrates the relative magnitudes of the number of trips
and miles undertaken in the four categories defined by existing definitions of travel. Distancebased local versus long-distance is defined by a 50-mile threshold in Figure 11. Day-trips are
distinguished from overnight trips. Because all of these types of travel are not routinely
collected in any one effort, Figure 11 depends on two sources of data for a non-random subset
of travelers. LSOT included 628 adults who were recruited by email and completed a one-year
longitudinal panel of overnight travel in 2012-2013 (Aultman-Hall et al. 2015). Data on the
right-hand side of Figure 11 were measured in this panel. The average daily travel on the left
side of the graphic consists of the corresponding estimates for one year of daily travel based on
the 2009 NHTS for the 3 states (VT, AL and CA) where most participants (82%) lived. Figure 11
suggests approximately 47% of the miles traveled annually by this group (of admittedly heavy
travelers) is overnight travel and that approximately 75% of the miles traveled are long-distance
(over 50 miles in this case). The 75% of miles is higher than general estimates in Section 2.2 and
for other countries presumably due to the higher income and educated sample. Long-distance
travel in today’s society comprises a large proportion of passenger miles and thus is critically
important for policy issues related to environment, congestion, and infrastructure planning.
Much of the travel miles are overnight but not all.
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Figure 11. Relative Travel by Type for a Convenience Sample (N=628)
Sources: Chester Harvey from the Longitudinal Survey of Overnight Travel (Aultman-Hall et al. 2015) and
NHTS 2009

Figure 11 itself reinforces the arbitrary nature of the quadrants that persist in the
transportation planning community relative to defining long-distance and non-long-distance
travel. The division between day-trips and overnight is meaningful but the distance threshold is
not. Routine trips within region are undoubtedly found in the upper left quadrant of Figure 11
along with longer inter-regional trips. The top portion of this graph includes a diversity of travel
that is not logically modeled together. Moreover, designing surveys to collect details on these
types of trips is fraught with challenges including the respondents’ inability to estimate
distances (Bricka and Sabina 2012), and recall bias over the longer recall time periods (Madre et
al. 2007).
Both overnight travel and trips made by air are clean definitions of trip types well-understood
by the public from whom we seek to gather data. A single distance threshold does not
segregate meaningful types of travel. Single metropolitan areas, the most common study area
for data and model development, are in numerous cases much larger than the current 50- to
75-mile thresholds. Even trips between metropolitan areas, say from Washington DC to New
York City, are different in nature from cross-continental or intercontinental travel, yet they are
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lumped together in the long-distance bundle of our transportation planning frameworks. One
complicating factor in using the overnight definition is that some travel is undertaken during
the night. The logical tendency with data collection defined by overnight is to collect the
geographic location of where the participant spent the night. Participants have good recall for
this type of data collection especially if they can be guided by a calendar or daybook. But data
collection is stymied on “red eye” flights, cruise ships, and the longest haul flights where night
moves in space. This challenge is not particularly uncommon as it came up in numerous
questions and comments during the LSOT one-year panel with only 628 individuals. We can be
attuned to these exceptions in our overnight travel data collection efforts but we cannot fully
address this limitation.
Travel time dictates what can be accomplished in a day-trip. Engine design and drag as a
function of speed will always limit the economically viable fuel efficiency for commercial flying
(Wendover, 2017). So although in the past improvements in technology (such as moving from
horse to car to jets), and thus speed, affected what was viable as a day-trip, improvements in
speed are not expected for future air travel. Commercial aircraft flying speeds have not
changed in decades except for the limited use of the turbojet Concorde that was terribly
inefficient in terms of fuel efficiency as well as passenger-miles per unit of energy. Increasing
availability of air service, such as is on-going in Asia and Africa, will undoubtedly affect overall
air travel volume globally including international flights originating in and destined for the U.S.
On the ground however, advances in automated vehicle (AV) technology are the factor
anticipated to lead to increased surface day-trip distances everywhere in the United States
(Mokhtarian 2018 and LaMondia et al. 2016). Global air forecasts and the looming promise of
AVs suggest long-distance travel may grow in the U.S. AVs may increase the distance covered in
a day-trip but changes in air day-trips are not expected. A robust data collection method that
collects both long day-trips and overnight travel can address these expected changes.
Most important to note here related to a proposal to measure long-distance trips using the
definition that a trip is overnight is that we fill the data gap. There is no issue in data collection
of missing long day-trips as such trips, regardless of length, are already included in our typical
data collection schemes. It is the overnight long-distance trips we lack data on and focusing
collection methods on overnight location is a way to fill this data gap.

5.3 Long-Distance Trip Purposes
The purpose of a trip or tour is important for travel behavior data collection because it is
important for forecasting and for understanding travel motivations and how travel impacts
quality of life. The inability of the newer mobile device-based passive survey techniques to
collect trip purpose is a concerning limitation. Methods of imputing trip purpose into GPS and
cell-phone data are long-standing (Bohte and Maat 2008, Gong et al. 2014, Deng and Ji 2010).
Semi-passive Apps which burden the user with few questions about their travel almost always
seek to gather trip purpose for each stop on a tour (Ritter et al. 2017 for example). Indeed, we
have often defined a trip end in transportation planning by the fact that one member of the
travel party undertakes an activity or function at a given stop. This may be a longer duration
activity like working or a short duration activity like dropping a passenger. Trip purposes are
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important to long-distance travel as well but require some careful re-formulation. Researchers
and planning agencies are not yet using a consistent framework.

5.3.1 Categories of Trip Purpose
At the most basic, long-distance trips have been categorized as business or personal. The recent
FHWA traffic analysis framework (TAF) (2015) used fewer categories (business, pleasure,
personal business, and other) for long-distance trips that mapped to the 12 purposes used in
the 1995 ATS (Table 5).
Table 5. FHWA Long-Distance Trip Purposes 1995 and 2015
1995 ATS Purpose

2015 FHWA TAF Purpose

Business
Combined Business/Pleasure
Convention, Conference, Or Seminar
School-Related Activity
Visit Relatives or Friends
Rest Or Relaxation
Sightseeing
Visit A Historic Or Scenic Attraction
Outdoor Recreation

Business
Personal Business
Pleasure

Other
The tour-based activity model of nation-wide long-distance travel recently developed for FHWA
(Bradley et al. 2016) used five trip purposes: 1) business, 2) commuting, 3) leisure, 4) visits to
friends and relatives, and 5) personal business. In earlier work, by the same group (Outwater et
al. 2015) nine purposes were used: a) business travel (conferences, meetings and combined
business/leisure) and b) leisure travel (visiting friends and family, personal business and
shopping, relaxation, sight-seeing, outdoor recreation, and entertainment). Frick and Grimm
(2014) working with German data like Bradley et al. delineate commuting in their shorter
purpose list: personal, commuting, business trips, and holidays. Michigan has recently used: 1)
family and personal, medical and religious; 2) vacation; 3) sightseeing recreation and
entertainment; 4) work and business; and 5) social and shop (McGuckin et al. 2016). Based on
the discussion in Section 5.3 the survey in development by our group will use the following
purposes for each overnight stay:
•

Work/business

•

Visiting Friends and Family

•

Leisure

•

Recreation, sightseeing, vacation

•

Shopping

•

Religious
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•

Medical services

•

No purpose

The inclusion of commuting in some schemes is noteworthy. Extreme commuters have been
defined as 90+ minutes one-way, (Marion and Horner 2007), 50 - 60 miles one-way (Jin and
Horowitz 2008), and even only 30 km one-way (Sandow and Westin 2010). Typically, in the U.S.,
long-distance data collection has excluded commute data no matter its length thereby
eliminating these trips from analyses. However, as workscapes and homescapes become more
complicated and telecommuting continues to be common, a robust way to incorporate longdistance commuting will be necessary. A workscape may be considered the set of locations
where one often or typically works which may include one main site. A homescape may be
considered the set of home-bases used by an individual. This may vary from person to person in
the household. For example, some households have smaller apartments or industry-based
housing that is used during the work week or work period in large urban areas, for remote
mining operations or other locations. Alternatively, some couples have jobs in different
metropolitan areas and require two home-bases. Some households have seasonal or weekend
homes from which they sometimes commute. If the overnight and daily travel framework
above is adopted, some commuting could legitimately be in both models as not all commuting
is daily.
The alternative groupings of existing long-distance trip purpose are concerning. The
frameworks differ enough that inter-regional comparisons and aggregation would be difficult.
Moreover, some trip types are overlapping and could create confusion for respondents
resulting in possible drop-outs or inaccurate measures. For example, some trips might
legitimately be combined both with family, for shopping and for entertainment. Trip purposes
must be mutually exclusive.

5.3.2 Tourism and Other Personal Purposes
Originally, leisure vacations were an activity of the privileged few but personal travel has
expanded due to the widespread ownership of automobiles, the increasing affordability of
airplane travel and, more recently, dispersed social networks. Careful attention to defining
personal trip purposes is essential. There is a long-standing distinct literature on vacation
tourism as leisure travel. Crompton (1979) was among the early researchers to consider
motivation for pleasure travel. He builds on two earlier ideas. First, that a high flow from origin
A to destination B must be driven by a lack of some commodity at A that is available in B. And
second, he recognizes that people travel for wanderlust, they seek unfamiliar places.
Crompton’s interviews suggest people have a need to “break from the routine” that results in
either doing something local, a vacation or non-personal travel. Recent interviews in Vermont
indicated the same “break from routine” need (Ullman, 2017). In Crompton’s work many
indicated they traveled to get away and that the destination did not matter. Reasons for
personal travel included escape, exploration, relaxing, prestige, and relationships. Like many
researchers of the time, the project was intended to help marketing in the tourism travel
industry. The paper was not about travel demand or public planning. The conclusions suggest
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people had not thought about their motives and that the industry could focus on this for
advancement. In the 2017 Vermont interviews, topics focused more around the need, desire
and obligation for visiting family and friends at distance (Ullman 2017).
Larsen et al. (2006) and Larsen et al. (2007) articulate the need to differentiate between
tourism where one sets out to see a new place or have a unique experience versus other
personal trips that are about connecting with people. They describe the idea of caring and
socializing at distance, a mobile social life. For some people, there is now a difference between
being socially isolated and being physically isolated due to increased telecommunications and
increased travel. Larsen’s papers note that travelers are not free floating seekers of aspirations
but they are bound by social obligations and burdens that are located in space.
Recent interviews by our group with female residents of Vermont (Ullman 2017) corroborate
that access to long-distance travel was about more than leisure vacations. The women
repeatedly suggested that a form of non-discretionary social trips was part of their lives. These
included social obligations to attend events and to maintain relationships. Because the group
included lower income women, not everyone interviewed was able to attain the mobility they
desired. Moreover, they envied those who could both visit family, visit interesting vacation
destinations and combine leisure travel with business (discussed below). So while
transportation planning may have traditionally considered personal long-distance trips
discretionary embodiments of positive utility, they are not always. Personal trip purposes must
be distinguished and possibly considered in some cases non-discretionary.
Much of the research on tourism travel, but not all, is contained in journals 5 not typically used
by the transportation planning model community. Tourism travel is a significant focus for data
and policy within the Organization for Economic Cooperation and Development (OECD). Given
the increasingly large share of transportation system miles undertaken for leisure and personal
travel, one might reasonably expect increasing interaction between these research
communities. The recent literature supports the need to distinguish between leisure such as
vacation and visiting friends and family as used in Bradley et al. (2016). Note however, that
one’s travel party may also be friends and family.

5.3.3 Personal Travel as Routine or Non-routine
The idea that out-of-town long-distance trips are non-routine has been persistent within our
traditional transportation model framing. This element of the framework is tied up in a very
dated notion of trip types in modeling as home-based. Local trips are also classified as workbased as well as the infamously labeled “other,” originally only a limited number of trips. The
imposition of the household as the base location and social unit within which constrained travel
choices were made was at one point a tidy assumption for modeling and data collection. It
allowed other non-routine trips while on vacation or business trips to be outside the model and
outside the main sources of data collection on travel. At the time commuting was the majority
Journal of Vacationing Marketing, Annals of Tourism Research, International Journal of Tourism Research,
Tourism Recreation Research, Tourism Management, Tourism Economics, Journal of Travel Research
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of miles undertaken in the system. The home-based frame also has roots in the access to
automobiles being household-based. Mobility is no longer structured this way in our society.
Schlich and Axhausen (2003) showed using a six-week travel diary that travel is not particularly
routine or in their words it is neither totally repetitious or totally variable. Even the extent of
routine that is present is now confounding as daily, weekly, monthly and yearly routines
increasingly involve so-called long-distance travel. Interviews and focus groups regarding longdistance travel indicate monthly, annual, and bi-annual patterns for many households.
Presumably, only once in a lifetime trips can safely be said to be “non-routine.” The question of
routine applies equally to business work travel. Like annual vacation routines or a monthly visit
to an older parent, people annually travel to the same conferences and may have weekly or
monthly long-distance routine visits to alternative workbases.
In a non-trivial number of cases, people do not even have a single household and home-base:
workers who work at-distance for weeks at a time, spouses that work in different cities or
children who moved between parents’ homes. Transportation planners have labeled what does
not fit into routine home-based daily travel into either the “other” or long-distance bucket
ignoring the reality that routine travel is simply much more complicated than it previously was,
previously was thought to be, or was previously modeled. This exogenous non-resident travel
has become a non-trivial portion of the volume in our state and metropolitan transportation
demand models. It can no longer be excluded. There is arguably no true routine travel in our
lives and thus is an inappropriate way to frame travel models. At the same time nothing is
routine, everything is routine.

5.3.4 Trips without a Purpose
Several thoughtful papers (Ory and Mokhtarian 2004, Dal Fiore et al. 2014, Xinyu et al. 2008
and Mokhtarian et al. 2015) have called into question the idea that travel is always a derived
demand stemming from the need or desire to participate in an activity at a certain location.
Mokhtarian and Salomon (2001) directly recommend that “no purpose” should be considered
amongst purpose type in data collection. Within long-distance travel, the group’s suggestion
that the decision to travel is made first and that destination or activity is secondary has even
more pertinence than for daily travel. Mokhtarian suggests that people may well be traveling
for travel’s-sake or increasing physical travel to different destinations or along different routes
because they enjoy the travel itself. Travel time is not purely a disutility. In 2017, our group
tested these ideas in a random telephone survey6 of 613 Vermonters with a question about
their last overnight out-of-town trip for personal reasons. 4.3% of people indicated they
selected their travel mode first and then considered destinations. This is roughly consistent
with the proportion of trips that Mokhtarian estimates may be purposeless.

5.3.5 Activities and Trip Purpose while at Destination
Once travelers reach a non-home destination, they undertake daily travel. When away on
business trips, workers undertake work at one or more places, but they require personal
6

The Vermonter Poll is conducted annually by the University of Vermont Center for Rural Studies
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maintenance such as eating and often undertake socializing. Our frameworks ignore the reality
that once a person is at distance away from home they have a new base, a cottage or weekend
condo, a hotel, or the home of family or friends around which another set of activities exist
spurring non-long-distance travel from the non-home-base. Few researchers have studied this
travel behavior (LaMondia and Bhat 2011). This has important relevance to overall
transportation planning because as the amount of local travel undertaken by visitors increases,
whether tourists or not, this travel from the non-home-base is missing in our planning models.
Data collection methods moving forward must address local travel behavior by visitors.

5.3.6 Mixed Purposes
Research for this white paper suggests that Bradley et al. (2016) have made the best current
choice for long-distance trip purposes (business, commuting, leisure, visits to friends and
relatives, and personal business) with two exceptions: purposeless travel (5.3.4) and mixed
purpose trips. Our prior work suggests that the aggregation of the number of trip purposes was
wise for clarity alone but that dropping the combined business leisure was not.
The LSOT one-year panel already described contained appreciable mixed purpose tours. When
we asked the participants to define the overall purpose of their overnight tour into just one of
two categories: work or personal. 1887 trips (32.2%) were classified as work, and 3962 (67.7%)
were classified as personal. However, we also asked participants to indicate the purpose of
each overnight stop on a scale between 100% personal and 100% work with 5 levels with the
middle being 50/50. Of the 5,849 total tours in the sample; 3,621 (61.9%) were entirely
personal based on stop classification and 1,425 (24.4%) were entirely work based on stop
classification. However, 803 (13.7%) of the tours had mixed purposes.
Long-distance tour purpose is complex and the ability to combine purposes may well affect trip
generation rates, destination choices and the utility derived from the tours. Mixed purposes are
part of an individual’s annual activity patterns. Recall as well, that information and
communication technology allow us to work remotely from anywhere. The sole purpose of
being at a location might be personal, but one may well be working from that place. Further
research is needed.

5.3.7 Summary of Travel Purposes
Trip purpose for long-distance travel is complicated. Undoubtedly, during a long-distance trip
tour there are many locations visited and different activities are pursued from the alternative
non-home-base (or an alternative home-base). Stop purpose may be part of daily routine or
needs and not the primary long-distance trip purpose. A stop for coffee for example in a
different city whether while at a work conference or visiting family is part of that local daily
travel. The purpose of being in a different overnight location beyond home may be work or
visiting friends and family or potentially both. Many collect only the primary purpose of the
long-distance or overnight tour, but our work suggests collecting primary and secondary
purposes for each overnight location is most comprehensive. Primary overnight location
purposes could be business/work, visiting family and friends, leisure/vacation, mixed
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business/personal and no primary purpose. To complete this, household travel surveys should
start collecting daily travel from people even when they are out-of-town on their assigned
survey day (as was done in the NHTS 2017). The primary purpose for being out-of-town
overnight should be collected in addition to the activity or purpose at each trip stop during the
day. Within long-distance travel surveys even when the spatial focus is overnight location,
consideration could also be given to collecting the purpose of stops en-route (gas, rest, quick
visit with friends). There is work to be undertaken to establish a schema of purpose for longdistance travel. In many ways, the schema may be more straightforward than for daily travel
but the structure will be different.

5.4 Spatial Patterns in Long-Distance Travel
It is often implicitly assumed that long-distance trips are “out-and-back” from one’s home city
or community to another “out-of-town” location. This is analogous to the trip-based thinking of
pre-1990 demand modeling where productions and attractions were simply two-way. It is
obvious that long-distance travel must be tour-based with chains of overnight stops.
Researchers have considered these spatial patterns even though the constructs have not been
operationalized in long-distance demand models.
Lue et al. (1993) based their conceptualization of spatial patterns in leisure travel by
distinguishing whether single or multiple destinations were visited and whether a single or
multiple benefit was sought from each location. They propose that trips could have a single
destination pattern, a main destination with stops en-route, a base camp pattern where side
trips are taken from the base location, as well as two types of chaining tours. Lew and
McKercher (2006) describe the spatial movement of tourists by defining the size of territory in
addition to the path type through that territory. The paths include single point-to-point,
repetitive point-to-point, circular loops, radiating hub-based paths, and random explorations.
Their models are theoretically based in both transportation planning models and tourist
behavior. Prior work based on the 1995 ATS estimated 9% of trips for visiting friends and family
had multiple destinations (Hu and Morrison 2002). Although some groups have already
observed actual tourists (Tideswell and Faulkner 1999, Hwang and Fesenmaier 2003), it is clear
that mobile device data will soon increase the number of publications addressing this question
with significant real world data.
Our own model (Figure 12) derived from geo-coded overnight stays in the LSOT panel is simpler
than Leu et al. and Lew and McKercher consisting of only three tour types. While this simplicity
may have been motivated by our small sample size, it may also be sufficient. Table 6 suggests
that traveling a long way motivates the creation of more complex spatial stops and that
spatially complex trips are common enough to merit consideration in data collection and
modeling.
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Figure 12. Simplified Long-Distance Overnight Spatial Tour Types (H=home)
Table 6. Average Differences in Tour Attributes Based on Spatial Type

Frequency
Mean One-way
Distance
Maximum Distance
from Home
Used Air

Out and Back

Hub and Spoke

Circular Chain

81%
438 miles

15%
1340 miles

4%
1878 miles

~2500 miles

~10,000 miles

~10,000 miles

27%

48%

63%

Another way to consider spatial patterns in long-distance travel is at the aggregate flow or
interchange level. Limtanakool et al. (2007) considered the connectivity and interaction flows
between 39 cities in western Europe. They document, not surprisingly, that seas or oceans i.e.
water creates a barrier that affects passenger travel interchanges. This seems trivial but is
actually an important consideration. Accessibility is not uniform across space as described in
Section 5.2. Availability and service level matters. This affects the spatial patterns people
undertake. The high-speed rail connection from England to France (Behrens and Pels 2012) and
the bridge between Sweden and Denmark (Knudsen and Rich 2013) are extreme examples.
However, international borders, geography, desert, lack of flights, and quality of direct flight
service all affect accessibility across space which in turn affects long-distance travel demand.
For these reasons, spatial models are necessary in long-distance travel modeling.
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6. Conclusions
6.1 A Call for Multimodal National Long-Distance Travel Demand Models
Even with the growth in computing power and the increasing availability of big data, it seems
unreasonable to recommend global travel demand modeling. However, the creation of a more
detailed national model of travel with meaningful external links not only to Canada and Mexico
but to intercontinental destinations served by air travel is essential. Only a national framework
can adequately answer questions about the growth, and potential peak, of long-distance travel.
Peak long-distance travel is presumably limited by annual time constraints and an individual’s
desired or ideal levels of time away from home. Annual activity patterns are also influenced by
the location of home-bases, social network geography and disposable income. It is unlikely that
we are anywhere close to the maximum saturation level of long-distance travel in the United
States. While there is currently no creditable sign that intercontinental air travel will increase in
speed (thus allowing for more travel per unit time by individuals), the expansion of automated
vehicles within the United States itself is expected to change the relationship people have to
both distance and time use while traveling. Moreover, structural changes to the airline industry
have reduced costs and thus increased volumes. Frandberg and Vilhelmson (2003) note that
technology and infrastructure have increased the accessibility of far-away places. But it is not
unreasonable to assume that AVs and dynamic ride sharing will enable significantly more travel
even beyond that which is currently accounted for in economic forecasts (LaMondia et al.
2016). Robust comprehensive models of national travel are needed to evaluate policies for
managing the continued growth.
Since it is unlikely policy efforts that increase the cost of travel through congestion pricing,
airport fees, or carbon taxes will be widely implemented in the United States in the near term,
infrastructure planning to address both surface and air congestion (including the potential
increase in personal flying vehicles or the rise of AV aircraft) are required. Targeted and
coordinated management and infrastructure expansion will be essential as it is improbable that
unchecked growth will produce the equitable, environmentally friendly and economically
advantageous impacts we desire as a society. Given the growing dominance of air travel,
congestion in very large mega-regions, and the persistent hope for effective rail in some U.S.
corridors, the evaluation of alternative national transportation system infrastructure options
can only be achieved with new frameworks that capture annual activity patterns within a
nation-level multimodal demand model.
The only agency with the scope and domain to pursue such an endeavor is the USDOT. The
leaders in modeling at the regional and state levels, and the mode-specific administrations
within the USDOT, do not have the capability to take on this task. At a time when infrastructure
is lagging in terms of maintenance and modernity, models of national long-distance travel have
become essential to guide investment. After an extended period of limited data, big data and
mobile devices are offering the spatial and temporal scale needed for long-distance travel to
complement improved targeted household travel surveys. The role of directing such large
complex transportation systems with multiple private and public actors towards sustainability
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can only be pursued by the public sector. The players who have spent the last two decades
calling attention to the need for long-distance data should now turn their voices to calling
attention to the need for a strategic division within USDOT to address travel demand within the
national and international context.
This white paper is not the first to call for federal leadership in long-distance travel demand
modeling. Most recently, TRB Special Report 320 (2016) outlined the connection between the
lack of long-distance data and planning with the mismatch of funding and institutions to the
corridors of long-distance travel. The prominent (and important) role of MPOs in the history of
U.S. transportation planning has led to a relative abundance of local home-based travel data
but a problematic paucity of long-distance data. The Special Report is clear in emphasizing the
necessity for federal leadership to create incentives and mechanisms for multimodal interregional organizations. And in many ways, FHWA is heeding that call in its movement towards
NextGen NHTS (Jenkins and Pu 2018) with a balance of surveys and “big data.” The test for
long-distance transportation planning will be whether the transportation planning community
can move quickly at this time and re-define focus to overnight travel locations, annual activity
models, and a limited number of meaningful survey questions that serve those models.

6.2 Specific Variables and Data Needs
Currently, there is considerable optimism within the transportation community that big data
and passive (or semi-passive) mobile device data will meet all of our future travel data needs. A
more tempered view suggests that big data will be a valuable complement to on-going
household travel surveys but will not replace these traditional data collection methods. The
complexity of travel decision-making, and the long-documented importance of attitudes in
travel behavior, both point to the need for continued survey data collection. Recent research
has suggested several important recommendations for future travel surveys.
Long-distance travel is important to quality of life and there is substantial latent demand for
access to long-distance destinations that is poorly understood. This latent demand merits
greater attention by planners as it disproportionately impacts underserved and vulnerable
populations thereby perpetuating inequality. This data need is more pertinent for personal trips
than work or business trips but represents economic opportunity as well as social networking.
Disaggregate mode and destination choice models require more information than passive Apps
can collect on trip details and in this arena long-distance travel surveys using convenience
samples show promise. Some have recommended collecting detailed survey data on the most
recent long-distance trip. Information about mode, travel party, purpose, access, and egress
considerations are essential for understanding decision making.
Disaggregate geo-coded information regarding overnight and ultimate origins and destinations
that in turn allow for calculation of distance and alternative mode trip characteristics is
essential for accurate modeling. Often these locations are collected but not released. The
complexity of modeling access and egress in long-distance travel is yet another reason to call
for effective ways to release spatial data while protecting confidentiality. Some recent surveys
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have provided these spatial data to researchers and planners in census block groups and zip
codes zones in order to protect privacy. These large zones often frustrate analysts of daily travel
as they complicate assessment of distance, routes, and viability of walking and bicycle
transportation. But these aggregate zone systems are adequate for long-distance travel and the
calculation of distances and airport/rail accessibility. However, an additional spatial
complication arises with long-distance data: surveys must be able to collect and record
locations globe-wide in a meaningful way where census groups and zip codes do not necessarily
exist. While country of travel may be sufficient for most of the globe, travel to and from Mexico
and Canada requires more refined locations. While city may work, anonymized latitude and
longitude or use of Mexican/Canadian census zones may be necessary.
Researchers and planners have had very limited opportunities to collect comprehensive longdistance travel data. But when they do, long-distance travel measures are person-based, not
household-based, pointing to another reason to advance household simulation models. Ideally
a minimum of one-year is needed to observe the full variability in long-distance travel. Both
passive and semi-passive mobile device Apps can collect locations outside of geo-fenced areas
around the home region at limited times per day filtering for non-purposeful stops such as
airports with little battery or user burden. Semi-passive Apps can collect trip attributes and
query the user about trip purpose and travel party at convenient times even after long-distance
trips are completed. Long-distance data collection systems that rely on mobile devices also
stand to fill the data gap related to activities around non-home locations such as when one
travels on short daily trips away on vacation based at hotels, away from home staying with
friends or family, and working from alternative locations.
Ultimately, future modeling and data frameworks will consist of paired data collection and
models: daily travel from any base and a one-year time series of annual overnight locations.
The new frameworks must incorporate complex, non-single-home-based spatial annual activity
patterns. Variables will include number of trips but also days away in total and by trip. Trip
purposes must be recognized as being mixed between business and personal for a significant
number of tours. More robust spatial models will be essential. This spatial detail will benefit
existing state and regional models in terms of external and pass-through trips.

6.3 Key Policy and Sustainability Research Questions
National leadership on data collection and travel demand modeling would support more
specialized study of long-distance travel by public agencies and academic researchers. Given
the complex social factors that motivate long-distance travel, and the increasing proportion of
total miles traveled that are undertaken in long-distance travel, significant effort is needed to
understand who is traveling and why. Mokhtarian (2018) refers to the passengerization of
travel in suggesting the critical need to assess how both time use and travel time have changed.
Global air service and the potential for automated vehicles and intra-urban air service open up
the possibility of even greater technologically induced changes to transportation. These
profound changes require an assessment of saturation. We should measure better how much
travel an individual person wants and can sustain. Then we must ask if the planet can sustain
that level, not just environmentally but also economically. Where do we as a global society
51

optimize our travel? Daily travel is constrained to a large extent by distance but annual
overnight activity patterns can take on many forms in terms of days away and distance away in
different spatial patterns including a variety of home-bases. Presumably, this annual activity
pattern is also limited by speed-based constraints but it is more likely that fatigue or emotional
limits that vary by individual with age and lifecycle limit the number and types of trips per year.
This interplay of time and distance is largely unstudied. Surely length of time spent at a
destination has a relationship to distance from home-base. Limited existing data does indicate
that at a certain distance away from home, travelers do make their trip longer in duration and
additional stops are added. The mechanism behind mixed purpose trips is largely unstudied.
International and intercontinental travel behavior is rarely studied. Understanding these factors
would directly inform model formulation allowing long-distance travel to jump away from the
model framing that was developed purely for daily trips within region. But this knowledge
would also help understand how to change behavior, if necessary, to pursue more sustainable
systems.
The questions of social justice loom large when one considers the details of long-distance
travel. It is essential to understand who the global mobile elite are and what their travel
behavior means. We cannot currently answer basic equity questions such as what percentage
of Americans undertake which percentage of the miles of travel. Some recent studies document
potentially large latent demand in terms of unrealized trips but the impact on well-being is
largely unmeasured. The future may well include new modes such as automated vehicles and
dynamic ridesharing that alter activity space and travelsheds in ways that alter performance
measures. It is unclear exactly who is potentially left out of these new systems and if inequity is
increased rather than decreased with these new modes.

6.4 Including the Public
Long-distance travel is not a new phenomenon. However, in the 1900s widespread availability
of the automobile and then the proliferation of jet airplanes now combined with relatively low
fares with higher deposable incomes have brought long-distance travel at a wider scale to a
broader spectrum of the global population. Creation of our global air system has required
decades to negotiate air space politics based on liberalized international conventions and
treaties. Business models for airlines have been complex but are now robust (Bowen, 2014).
The growth is expected to continue and this creates large questions about sustainability that
require discourse in the public realm.
Beyond the data and modeling activities that transportation planners perform to inform
infrastructure and system policies, there is the critical role for the public in addressing the
relative lack of sustainability of global travel patterns. With the goal of sustainability at the
forefront, no one can reasonably suggest that mobility be limited. The right to move although
not necessarily explicitly recognized within frameworks of human needs (Maslow 1943 and
others adapted since that time) is fundamental. Our global society clearly includes great
disparity in terms of access to global mobility. It is unclear if the global mobile elite who access
destinations beyond their home continents one or more times per year think critically about
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their rare status. The skills and know-how to navigate the global system for creating access to
opportunity is a part of their network capital but also creates burden in terms of time and
stress. There is a lot for the mobile elite to consider and assess. Larsen et al. (2006) set out to
consider the “middling,” not the transnational elites or under-privileged migrants, but rather
those in between (there is lots of diversity in between). But there is also a creditable argument
to start behavior change and thought leadership within the global mobile elite category as they
represent a very large portion of the miles and the environmental impact.
In terms of sustainability, we are left with a truly challenging situation. Long-distance travel is
very costly in terms of the environment but pricing it to limit volume denies mobility to many.
The best solutions to such complex global challenges involve informed decision makers and an
informed public. The most important first step for transportation planners related to
sustainability of the global long-distance travel system may be to expand their focus beyond
local travel to understand the facts regarding the global system and to take steps for public
education and conversation using the media or public involvement processes. Next action could
include increasing the coverage of long-distance travel demand topics within professional
research and planning conferences, forums and academic programs - places where technical
content remains focused on daily regional travel. Such efforts could culminate in a global
summit as ultimately international travel requires international cooperation.
One topic to start discussing within public and professional conversations may be the
misleading fact that air travel is so efficient in terms of energy or emissions per passenger mile.
This relative advantage cannot eliminate the fact that most air trips are much much longer in
distance than most surface trips. Attention to date on air travel as a source of GHG emissions
has been limited because it is not yet a large proportion of the total transportation sector
emissions. But airplanes are likely to be the legacy users of carbon-based fuels due to the lack
of reasonable alternatives. Moreover, air travel demand has large growth rates. Aviation
consists of businesses that are understandably focused on highlighting the social and economic
benefits of air transportation and minimizing attention to the adverse environmental impacts
(Paling et al., 2014). Foremost of the myths or misunderstandings is around the relative
atmospheric emissions of air travel. Air travel for individuals that fly is a relatively large portion
of their environmental footprint. The most critical need suggested by this white paper may be
the act of creating meaningful debate about the costs and benefits of air travel in public and
policy maker discussions. Robust long-distance travel data and demand models will then be
needed to answer questions these informed stakeholders raise about serving long-distance
travel demand with air and other modes in a more sustainable future system.

6.5 The Bottom Line
Long-distance travel is a key driver of the sustainability of present and future transportation
systems. The levels of long-distance travel are growing. Yet it has been neglected in the travel
data collection and transportation demand models used in the United States to date. The calls
for focus on long-distance travel data are not new and the frameworks for understanding this
behavior can now be better implemented with technology-based data options. For
transportation planners, it is timely and important to consider updated frameworks for long53

distance data collection to guide the role that technology-based methods will play in future
travel data collection. As we move into a potentially data-rich era, with increasing passive data
collection, we have a unique opportunity to reconsider how we characterize out-of-town travel
and move beyond outdated long-distance definitions. It has become increasingly apparent that
simple distance thresholds do not define meaningful classes of travel and are poorly suited for
capturing a complete picture of travel activity across the year and across our global
transportation system. For this purpose, travel is better divided between daily and overnight
travel that can feed both activity models that are daily and annual in temporal scope. To be
effective policy tools, annual activity-based models should incorporate both surface and air
modes together. These changes will affect the models, the variables we collect, sustainability
policy and research questions, as well as the advance of a more informed public discourse
surrounding long-distance travel. In short, sustainability of the transportation system cannot be
adequately considered without direct meaningful consideration and focus on out-of-town longdistance travel.

54

7. References
Abdelwahab, Walid M., David Innes, and Albert Stevens. “Development of Disaggregate Mode
Choice Models of Intercity Travel in Canada.” Canadian Journal of Civil Engineering 19, no. 6
(1992): 965–74.
Ahern, Aoife, Gill Weyman, Angelika Schulz, Martin Redelbach, Lars Akkermans, Anouk Grinsven
van, Lorenzo Vannacci, Eleni Anoyrkati. Analysis of National Travel Statistics in Europe:
OPTIMISM WP2: Harmonisation of National Travel Statistics in Europe. Institute for
Prospective Technological Studies. Luxembourg: Publications Office, 2013.
http://dx.publications.europa.eu/10.2788/59474.
Alcaly, Roger E. “Aggregation And Gravity Models: Some Empirical Evidence.” Journal of
Regional Science 7, no. 1, 1967: 61–73. https://doi.org/10.1111/j.14679787.1967.tb01423.x.
Alexander, Lauren, Shan Jiang, Mikel Murga, and Marta C. González. “Origin–Destination Trips
by Purpose and Time of Day Inferred from Mobile Phone Data.” Transportation Research
Part C: Emerging Technologies 58 (September 2015): 240–50.
https://doi.org/10.1016/j.trc.2015.02.018.
Anderson, Beverlee B., and Lynn Langmeyer. “The Under-50 and Over-50 Travelers: A Profile of
Similarities and Differences.” Journal of Travel Research 20, no. 4 (1982): 20–24.
Antoun, Christopher, Mick P. Couper, Frederick G. Conrad, “Effects of Mobile versus PC Web on
Survey Response Quality: A Crossover Experiment in a Probability Web Panel.” Public
Opinion Quarterly, Volume 81, Issue S1, 2017, Pages 280–306,
https://doi.org/10.1093/poq/nfw088
Aparicio, Angel. “Exploring Recent Long-Distance Passenger Travel Trends in Europe.”
Transportation Research Procedia 14 (2016): 3199–3208.
https://doi.org/10.1016/j.trpro.2016.05.262.
Ashiabor, Senanu, Hojong Baik, and Antonio Trani. “Logit Models for Forecasting Nationwide
Intercity Travel Demand in the United States.” Transportation Research Record: Journal of
the Transportation Research Board 2007: 1–12. https://doi.org/10.3141/2007-01.
Aultman-Hall, Lisa and Jonathan Dowds. Designing the All-in-One Vermont Transportation
Survey. University of Vermont Transportation Research Center Report, 2017, #17-003
Aultman-Hall, Lisa, Jeffrey J. LaMondia, Hannah Ullman and Madeline Suender. Surveying Social
Network Geography to Model Long-distance Travel. Transportation Research Procedia.
2018.
Aultman-Hall, Lisa, Chester Harvey, James Sullivan and Jeffrey LaMondia. “The Impact Of LongDistance Tour Generation And Travel Attributes On Data Collection In The United States.”
TRANSPORTATION, Volume 43 Number 6, December. 2016. DOI 10.1007/s11116-016-9754y

55

Aultman-Hall, Lisa. Chester Harvey, Jeff LaMondia and Chloe Ritter. (2015) “Design and
Response Quality in a One-Year Longitudinal Survey of Overnight and Long-distance Travel.”
Transportation Research Procedia. Volume 11, pp. 136-153.
doi:10.1016/j.trpro.2015.12.012
Axhausen, K W. “Methodological Research for a European Survey of Long-Distance Travel.” TRB
Transportation Research Circular E-C026—Personal Travel: The Long and Short Of It, 2001.
Axhausen, K. W., M. Löchl, R. Schlich, T. Buhl, and P. Widmer. “Fatigue in Long-Duration Travel
Diaries.” Transportation 34, no. 2, 2007: 143–60. https://doi.org/10.1007/s11116-006-91064.
Axhausen, Kay W., Andrea Zimmermann, Stefan Schönfelder, Guido Rindsfüser, and Thomas
Haupt. “Observing the Rhythms of Daily Life: A Six-Week Travel Diary.” Transportation 29,
no. 2 (2002): 95–124.
Axhausen, K W. “Methodological Research for an European Survey of Long-Distance Travel.”
TRB Transportation Research Circular E-C026—Personal Travel: The Long and Short Of,
1999, 22.
Baker, Douglas, Rico Merkert, and Md. Kamruzzaman. “Regional Aviation and Economic
Growth: Cointegration and Causality Analysis in Australia.” Journal of Transport Geography
43 (February 2015): 140–50. https://doi.org/10.1016/j.jtrangeo.2015.02.001.
Becken, Susanne, and Aaron Schiff. “Distance Models for New Zealand International Tourists
and the Role of Transport Prices.” Journal of Travel Research 50, no. 3, 2011: 303–20.
https://doi.org/10.1177/0047287510362919.
Behrens, Christiaan, and Eric Pels. “Intermodal Competition in the London–Paris Passenger
Market: High-Speed Rail and Air Transport.” Journal of Urban Economics 71, no. 3 2012:
278–88. https://doi.org/10.1016/j.jue.2011.12.005.
Bekhor, Shlomo, Yehoshua Cohen, and Charles Solomon. “Evaluating Long-Distance Travel
Patterns in Israel by Tracking Cellular Phone Positions.” Journal of Advanced Transportation
47, no. 4, 2013: 435–46. https://doi.org/10.1002/atr.170.
Berliner, Rosaria, Lisa Aultman-Hall, Giovanni Circella. “Exploring the Self-Reported LongDistance Travel Frequency of Adult Californians.” 2018, Transportation Research Record
Bernardin Jr, Vincent L., Nazneen Ferdous, Hadi Sadrsadat, Steven Trevino, and Chin-Cheng
Chen. “Integration Of The National Long Distance Passenger Travel Demand Model With
The Tennessee Statewide Model And Calibration To Big Data” Transportation Research
Record (2017).
Bhat, Chandra. “An Endogenous Segmentation Mode Choice Model with an Application to
Intercity Travel.” Transportation Science 31, no. 1 (1997): 34–48.
Bierce, Eric, and David Kurth. “The Use of Three Surveys for Long Distance Travel Estimates in
California.” In TRB 93rd Annual Meeting Compendium of Papers, 14–5674, 2014.

56

Blumer, Terry and William Swan. Analysis of Short Haul Air Passenger Demand, Volume 2 Final
Report (Massachusetts Inst. of Tech.) 1978. NASA-CR- 152157.
Bohte, Wendy and Kees Maat. Deriving and Validating Trip Destinations and Modes for
Multiday GPS-Based Travel Surveys: Application in the Netherlands. Annual Meeting of the
Transportation Research Board, Washington, DC, 2008, # 08-2268.
Bose, P. (2014) “Refugees In Vermont: Mobility and Acculturation In A New Immigrant
Destination” Journal of Transportation Geography 36 p 151-159.
Bose, Pablo. (2013) Building Sustainable Communities: Immigrants, Acculturation and Mobility
in Vermont Research in Transportation Business and Management 7:81-90.
Bose, Jonaki, Lee Giesbrecht, Joy Sharp, Jeffery Memmott, Maha Khan, and Elizabeth Roberto.
“A Picture of Long-Distance Travel Behavior of Americans Through Analysis of the 2001
National Household Travel Survey,” 19. Transportation Research Board, 2004.
Bowen Jr, John T. “The Economic Geography of Air Transport.” The Geographies of Air
Transport, 2014, 41.
Bradley, Mark, Maren L. Outwater, and Nazneen Ferdous. “Implementation of a Practical Model
System to Predict Long-Distance Travel for the Entire U.S. Population.” Transportation
Research Record: Journal of the Transportation Research Board 2563, 2016: 9–17.
https://doi.org/10.3141/2563-02.
Breuer, Robert. “Statewide Transportation Planning Program.” Highway Research Record, no.
264 (1969).
Bricka, Stacey, and Erik Sabina. “Evaluation of Key Design Elements of Long-Distance Survey of
Front Range Travel Counts.” Transportation Research Record: Journal of the Transportation
Research Board 2285, 2012: 110–18. https://doi.org/10.3141/2285-13.
Bricka, Stacy. “Variations in Long-Distance Travel,” TRB Transportation Research Circular EC026—Personal Travel: The Long and Short of It, 2001.
Bricka, Stacey, and Chandra Bhat. “Comparative Analysis of Global Positioning System-Based
and Travel Survey-Based Data.” Transportation Research Record: Journal of the
Transportation Research Board, no. 1972 (2006): 9–20.
Bullard, Robert, Glenn Johnson and Angel Torres. Sprawl City: Race, Politics and Planning in
Atlanta. Washington, D.C.: Island Press, 2000.
Bullard, Robert, Glenn Johnson and Angel Torres. Highway Robbery: Transportation Racism and
New Routes to Equity. South End Press, Cambridge MA, 2004.
Bullard, Robert D. and Glenn Johnson. Just Transportation: Dismantling Race and Class Barriers
to Mobility. New Society Publishers, 1997.
Burch, James S. “Traffic Interactance between Cities.” Highway Research Board Bulletin, no. 297
(1961).
Calastri, Chiara, Romain Crastes dit Sourd, and Stephane Hess. “We Want It All: Experiences
from a Survey Seeking to Capture Social Network Structures, Lifetime Events and Short57

Term Travel and Activity Planning.” Transportation, 2018. https://doi.org/10.1007/s11116018-9858-7.
Castillo-Manzano, José I., Rafael Pozo-Barajas, and Juan R. Trapero. “Measuring the Substitution
Effects between High Speed Rail and Air Transport in Spain.” Journal of Transport
Geography 43 (February 2015): 59–65. https://doi.org/10.1016/j.jtrangeo.2015.01.008.
Chang, Brenda, and Alissa Kendall. “Life Cycle Greenhouse Gas Assessment of Infrastructure
Construction for California’s High-Speed Rail System.” Transportation Research Part D:
Transport and Environment 16, no. 6, 2011: 429–34.
https://doi.org/10.1016/j.trd.2011.04.004.
Chester, Mikhail, and Arpad Horvath. “High-Speed Rail with Emerging Automobiles and Aircraft
Can Reduce Environmental Impacts in California’s Future.” Environmental Research Letters
7, no. 3, 2012: 034012. https://doi.org/10.1088/1748-9326/7/3/034012.
Chester, Mikhail, Megan Smirti Ryerson, Airport Cooperative Research Program, Transportation
Research Board, and National Academies of Sciences, Engineering, and Medicine.
Environmental Assessment of Air and High-Speed Rail Corridors. Washington, D.C.:
Transportation Research Board, 2013. https://doi.org/10.17226/22520.
Chester, Mikhail V., and Megan S. Ryerson. “Grand Challenges for High-Speed Rail
Environmental Assessment in the United States.” Transportation Research Part A: Policy and
Practice 61 (March 2014): 15–26. https://doi.org/10.1016/j.tra.2013.12.007.
Cho, Hee Deok. The Factors That Affect Long-Distance Travel Mode Choice Decisions And Their
Implications For Transportation Policy. Thesis. University of Florida, 2013.
Christensen, Linda. 2017. “Consideration on a Method to Analyze Long Distance Travelling
When Collecting Only Data about the Latest Journey.” Presented at the International
Conference on Travel Survey Methods in L’Esterel, Quebec, Canada. September.
http://www.isctsc2017.ca/program.pdf.
Christensen, Linda. “Environmental Impact of Long Distance Travel.” Transportation Research
Procedia 14 (2016): 850–59. https://doi.org/10.1016/j.trpro.2016.05.033.
Circella, Giovanni, Kate Tiedeman, Susan Handy, Farzad Alemi, and Patricia Mokhtarian. “What
Affects U.S. Passenger Travel? Current Trends and Future Perspectives,” National Center for
Sustainable Transportation White Paper 2016. https://trid.trb.org/view.aspx?id=1412684.
Cohen, Gerald S., Nathan S. Erlbaum, and David T. Hartgen. “Intercity Rail Travel Models.”
Transportation Research Record 673, no. 1978 (1978): 21–25.
Cohen, Scott A, and Stefan Gössling. “A Darker Side of Hypermobility.” Environment and
Planning A 47, no. 8 (August 2015): 166–1679.
https://doi.org/10.1177/0308518X15597124.
Collia, Demetra V., Joy Sharp, and Lee Giesbrecht. “The 2001 National Household Travel Survey:
A Look into the Travel Patterns of Older Americans.” Journal of Safety Research 34, no. 4
(January 2003): 461–70. https://doi.org/10.1016/j.jsr.2003.10.001.
58

Collins, Darrian, and Clem Tisdell. “Gender and Differences in Travel Life Cycles.” Journal of
Travel Research 41, no. 2 (November 2002): 133–43.
https://doi.org/10.1177/004728702237413.
Committee for Determination of the State of the Practice, and in Metropolitan Area Travel
Forecasting. “Metropolitan Travel Forecasting Current Practice and Future Direction.”
Special Report 288. Washington DC: Transportation Research Board, 2007.
Crompton, John L. “Motivations for Pleasure Vacation.” Annals of Tourism Research 6, no. 4
(1979): 408–424.
Crozet, Yves. “The Prospects For Interurban Travel Demand” in The Future for Interurban
Passenger Transport. OECD Publishing, 2010. https://doi.org/10.1787/9789282102688-en
Czepkiewicz, Michał, Jukka Heinonen, and Juudit Ottelin. “Why Do Urbanites Travel More than
Do Others? A Review of Associations between Urban Form and Long-Distance Leisure
Travel.” Environmental Research Letters 13, no. 7, 2018: 073001.
https://doi.org/10.1088/1748-9326/aac9d2.
Dal Fiore, Filippo, Patricia L. Mokhtarian, Ilan Salomon, and Matan E. Singer. “‘Nomads at Last’?
A Set of Perspectives on How Mobile Technology May Affect Travel.” Journal of Transport
Geography 41, 2014: 97–106. https://doi.org/10.1016/j.jtrangeo.2014.08.014.
D’Alfonso, Tiziana, Changmin Jiang, and Valentina Bracaglia. “Would Competition between Air
Transport and High-Speed Rail Benefit Environment and Social Welfare?” Transportation
Research Part B: Methodological 74,2015: 118–37.
https://doi.org/10.1016/j.trb.2015.01.007.
Dargay, Joyce M., and Stephen Clark. “The Determinants of Long Distance Travel in Great
Britain.” Transportation Research Part A: Policy and Practice 46, no. 3 2012: 576–87.
https://doi.org/10.1016/j.tra.2011.11.016.
Davis, Adam W., Elizabeth C. McBride, and Konstadinos G. Goulias. “A Latent Class Pattern
Recognition and Data Quality Assessment of Non-Commute Long-Distance Travel in
California.” Transportation Research Record: Journal of the Transportation Research Board,
July 13, 2018, 036119811878736. https://doi.org/10.1177/0361198118787362.
Davison, Lisa, and Tim Ryley. “The Relationship between Air Travel Behaviour and the Key Life
Stages of Having Children and Entering Retirement.” Journal of Transport Geography 26,
2013: 78–86. https://doi.org/10.1016/j.jtrangeo.2012.08.016.
De Vos, Jonas, Tim Schwanen, Veronique Van Acker, and Frank Witlox. “Travel and Subjective
Well-Being: A Focus on Findings, Methods and Future Research Needs.” Transport Reviews
33, no. 4 (July 2013): 421–42. https://doi.org/10.1080/01441647.2013.815665.
Delbosc, Alexa. “The Role of Well-Being in Transport Policy.” Transport Policy 23 (September
2012): 25–33. https://doi.org/10.1016/j.tranpol.2012.06.005.
Deng, Z., & Ji, M. Deriving Rules for Trip Purpose Identification from GPS Travel Survey Data and
Land Use Data: A Machine Learning Approach. In Traffic and Transportation Studies 2010.
59

Denstadli, J.M., Ø Engebretsen, R. Hjorthol, and L. Vågane. 2005 Norwegian Travel Survey: Key
Results. Oslo: Institute of Transport Economics, 2006.
Derudder, Ben, and Frank Witlox. “Global Cities and Air Transport.” In The Geographies of Air
Transport, 103–23. Ashgate Farnham, UK, 2014.
DiRenzo, John F, and Louis P Rossi. Diversion Model For Estimating High-Speed Rail Use, 1971.
Elkins, Clifford. “First Year’s Work In Statewide Transportation Planning In New York State.”
Highway Research Record, no. 264 (1969).
Environmental Impacts of Aviation Committee. Critical Issues in Aviation and the Environment
2014. Transportation Research Circular, E-C184. Washington, D.C.: Transportation Research
Board, 2014.
Erhardt, Gregory, Joel Freedman, Andrew Stryker, Heather Fujioka, and Rebekah Anderson.
“Ohio Long-Distance Travel Model.” Transportation Research Record: Journal of the
Transportation Research Board 2003 (January 2007): 130–38.
https://doi.org/10.3141/2003-16.
Federal Aviation Agency Office of Environment and Energy. “Aviation Emissions, Impacts, and
Mitigation: A Primer.” USDOT, 2015.
Federal Highway Administration. “Traffic Analysis Framework Part IIA -- Establishing Multimodal
Interregional Passenger Travel Origin Destination Data.” Washington, D.C.: U.S. Department
of Transportation, 2015. https://www.fhwa.dot.gov/policyinformation/
analysisframework/docs/taf_final_report.pdf
Flake, L., M. Lee, K. Hathaway, and E. Greene. Smartphone Panels as Viable and Cost-Effective
GPS Data Collection for Small and Medium Planning Agencies. Annual Meeting of the
Transportation Research Board, Washington, DC, 2017, #17-01359.
Forinash, Christopher, and Frank Koppelman. “Application and Integration of Nested Logit
Models of Intercity Mode Choice.” Transportation Research Record 1413 (1993): 98–106.
Frändberg, Lotta. “How Normal Is Travelling Abroad? Differences in Transnational Mobility
between Groups of Young Swedes.” Environment and Planning A 41, no. 3 (March 2009):
649–67. https://doi.org/10.1068/a40234.
Frändberg, Lotta, and Bertil Vilhelmson. “Personal Mobility: A Corporeal Dimension of
Transnationalisation. The Case of Long-Distance Travel from Sweden.” Environment and
Planning A 35, no. 10 (October 2003): 1751–68. https://doi.org/10.1068/a35315.
Frick, Roman, and Bente Grimm. “Long-Distance Mobility: Current Trends and Future
Perspectives.” Institut für Mobilitätsforschung, Munich, 2014.
Georggi, N L and Pendyala, R M “Analysis Of Long-Distance Travel Behavior Of The Elderly And
Low Income” TRB Transportation Research Circular E-C026—Personal Travel: The Long and
Short of It, 2001, 121-150.

60

Giaimo, Gregory, and Robert Schiffer. Statewide Travel Demand Modeling: A Peer Exchange.
Transportation Research Circular, E-C075. Washington, D.C.: Transportation Research
Board, 2005.
Gillen, David. “International air transport in the future” in The Future for Interurban Passenger
Transport. OECD Publishing, 2010. https://doi.org/10.1787/9789282102688-en.
Givoni, Moshe. “Environmental Benefits from Mode Substitution: Comparison of the
Environmental Impact from Aircraft and High-Speed Train Operations.” International
Journal of Sustainable Transportation 1, no. 4 (November 2007): 209–30.
https://doi.org/10.1080/15568310601060044.
Goetz, Andrew R. and Lucy Budd. The Geographies of Air Transport. Ashgate Publishing, Ltd.,
2014.
Gong, Lei, Takayuki Morikawa, Toshiyuki Yamamoto, and Hitomi Sato. “Deriving Personal Trip
Data from GPS Data: A Literature Review on the Existing Methodologies.” Procedia - Social
and Behavioral Sciences 138 (July 2014): 557–65.
https://doi.org/10.1016/j.sbspro.2014.07.239.
Goodwin, Phil. “Peak Travel, Peak Car and the Future of Mobility.” International Transport
Forum Discussion Papers, December 4, 2012. https://doi.org/10.1787/5k4c1s3l876d-en.
Graham, Anne. “Have the Major Forces Driving Leisure Airline Traffic Changed?” Journal of Air
Transport Management 12, no. 1 (January 2006): 14–20.
https://doi.org/10.1016/j.jairtraman.2005.09.002.
Graham, Anne, and David Metz. “Limits to Air Travel Growth: The Case of Infrequent Flyers.”
Journal of Air Transport Management 62 (July 2017): 109–20.
https://doi.org/10.1016/j.jairtraman.2017.03.011.
Greene, Elizabeth, Leah Flake, Kevin Hathaway, and Michael Geilich. “A Seven-Day SmartphoneBased GPS Household Travel Survey In Indiana.” Annual Meeting of the Transportation
Research Board Washington DC, 2016.
Gustafson, Per. “Work-Related Travel, Gender and Family Obligations.” Work, Employment and
Society 20, no. 3 (2006): 513–530.
Hakim, Md Mahbubul, and Rico Merkert. “The Causal Relationship between Air Transport and
Economic Growth: Empirical Evidence from South Asia.” Journal of Transport Geography 56
(October 2016): 120–27. https://doi.org/10.1016/j.jtrangeo.2016.09.006.
Halfacree, Keith. “Heterolocal Identities? Counter-Urbanisation, Second Homes, and Rural
Consumption in the Era of Mobilities: Counter-Urbanisation, Second Homes, and Rural
Consumption.” Population, Space and Place 18, no. 2 (March 2012): 209–24.
https://doi.org/10.1002/psp.665.
Hansen, Harold W, Harmer E Davis, EH Holmes, and J Douglas Carroll Jr. “What Is Needed For A
Fact Finding Study Of Intercity Transportation In The United States.” Highway Research
Record, no. 38 (1963).
61

Harvey, Chester and Lisa Aultman-Hall. (2018). Measuring Representativeness Of Long-Distance
Travel Using On-Line Surveys And Passive Mobile Devices. In review.
Highway Research Board. Highway Research Record Volume 264, 1969
Holz-Rau, Christian, Joachim Scheiner, and Kathrin Sicks. “Travel Distances in Daily Travel and
Long-Distance Travel: What Role Is Played by Urban Form?” Environment and Planning A 46,
no. 2 (February 2014): 488–507. https://doi.org/10.1068/a4640.
Hu, Bo, and Alastair M. Morrison. “Tripography: Can Destination Use Patterns Enhance
Understanding of the VFR Market?” Journal of Vacation Marketing 8, no. 3 (July 2002): 201–
20. https://doi.org/10.1177/135676670200800301.
Hwang, Ho-Ling, and Jane Rollow. “Data Processing Procedures and Methodology for Estimating
Trip Distances for the 1995 American Travel Survey (ATS).” Oak Ridge TN: Oak Ridge
National Laboratory, 2000.
Hwang, Yeong-Hyeon, and Daniel R. Fesenmaier. “Multidestination Pleasure Travel Patterns:
Empirical Evidence from the American Travel Survey.” Journal of Travel Research 42, no. 2
(November 2003): 166–71. https://doi.org/10.1177/0047287503253936.
International Air Transport Association (IATA). “Traveler Numbers Reach New Heights” Press
Release #51, September 2018. https://www.iata.org/pressroom/pr/Pages/2018-09-0601.aspx
International Transport Forum. “Tourism Facilitation as Part of Transport Policy.” International
Transport Forum Discussion Papers, Organization for Economic Cooperation and
Development. May 1, 2015. https://doi.org/10.1787/5jrvzrlp5gzn-en.
Jansson, André. “Mobile Elites: Understanding the Ambiguous Lifeworlds of Sojourners,
Dwellers and Homecomers.” European Journal of Cultural Studies 19, no. 5 (2016): 421–34.
Janzen, Maxim, Maarten Vanhoof, Zbigniew Smoreda, and Kay W. Axhausen. “Closer to the
Total? Long-Distance Travel of French Mobile Phone Users.” Travel Behaviour and Society
11 (April 2018): 31–42. https://doi.org/10.1016/j.tbs.2017.12.001.
Jara-Díaz, Sergio R., Marcela A. Munizaga, Paulina Greeven, Reinaldo Guerra, and Kay
Axhausen. “Estimating the Value of Leisure from a Time Allocation Model.” Transportation
Research Part B: Methodological 42, no. 10 (December 2008): 946–57.
https://doi.org/10.1016/j.trb.2008.03.001.
Jariyasunant, Jerald, Raja Sengupta, and Joan Walker. “Overcoming Battery Life Problems of
Smartphones When Creating Automated Travel Diaries,” University of California
Transportation Center, UCTC-FR-2014-05, 2014.
Jenkins, Daniel and Wenjing Pu. “Introduction to NextGen NHTS.” National Household Travel
Survey (NHTS) Data for Transportation Applications Workshop, Washington DC, August
2018.

62

Jeong, Yu-Jin, Anisa M. Zvonkovic, Yoshie Sano, and Alan C. Acock. “The Occurrence and
Frequency of Overnight Job Travel in the USA.” Work, Employment and Society 27, no. 1
(2013): 138–152.
Jin, Xia, and Alan Horowitz. “Time-of-Day Choice Modeling for Long-Distance Trips.”
Transportation Research Record: Journal of the Transportation Research Board 2076
(December 2008): 200–208. https://doi.org/10.3141/2076-22.
Karner, Alex, Dana Rowangould, and Jonathan London. “We Can Get There From Here: New
Perspectives on Transportation Equity.” National Center for Sustainable Transportation
White Paper. University of California Davis, 2016. https://ncst.ucdavis.edu/wpcontent/uploads/2016/12/NCST_EquityWhitePaper-FINAL.pdf.
Kaufman, Benjamin and Gillian Galford. (2017). “Optimizing mobile device GPS data collection
to capture long distance travel.” World Symposium on Transport and Land Use Research
July 3-6, Brisbane, Australia.
Kharina, Anastasia, and Daniel Rutherford. “Fuel Efficiency Trends for New Commercial Jet
Aircraft: 1960 to 2014.” The International Council on Clean Transportation, 2015.
Kim, Amy M., and Megan S. Ryerson. “A Long Drive: Interregional Airport Passenger ‘Leakage’ in
the U.S.” Tourism Management 65 (April 2018): 237–44.
https://doi.org/10.1016/j.tourman.2017.10.012.
Knudsen, M.Aa., and J. Rich. “Ex Post Socio-Economic Assessment of the Oresund Bridge.”
Transport Policy 27 (May 2013): 53–65. https://doi.org/10.1016/j.tranpol.2012.12.002.
Kooshian, Chuck, and Steve Winkelman. “Growing Wealthier - Smart Growth, Climate Change
and Prosperity.” Washington DC: Center for Clean Air Policy, 2011.
Koppelman, F, K Axhausen, B Charlton, E Miller, and K Small. “Independent Peer Review of the
California High-Speed Rail Ridership and Revenue Forecasting Process,” 2011.
Koppelman, Frank. “Multidimensional Model System for Intercity Travel Choice Behavior.”
Transportation Research Record 1241 (1989): 1–8.
Koppelman, Frank S, and Moshe Hirsch. “Intercity Passenger Decision Making: Conceptual
Structure and Data Implications.” Transportation Research Record, no. 1085 (1986).
Koppelman, Frank S, Geok-Koon Kuah, and Moshe Hirsh. Review of Intercity Passenger Travel
Demand Modelling: Mid-60’s to the Mid-80’s. The Transportation Center and Department of
Civil Engineering, Northwestern University, 1984.
Kuhnimhof, Tobias, Roger Collet, Jimmy Armoogum, and Jean-Loup Madre. “Generating
Internationally Comparable Figures on Long-Distance Travel for Europe.” Transportation
Research Record: Journal of the Transportation Research Board 2105 (December 2009): 18–
27. https://doi.org/10.3141/2105-03.
Kunzmann, Martin, and Vivian Daigler. “2010-2012 California Household Travel Survey Final
Report.” California Department of Transportation, 2013.

63

LaMondia, Jeffrey, M. Fisher, J. Rani, L. Aultman-Hall. “Modeling Overnight Out-of-State Long
Distance Mode Choice”. Draft working paper. 2018.
LaMondia, Jeffrey, and Chandra Bhat. “A Study of Visitors’ Leisure Travel Behavior in the
Northwest Territories of Canada.” Transportation Letters 3, no. 1 (January 2011): 1–19.
https://doi.org/10.3328/TL.2011.03.01.1-19.
LaMondia, Jeffrey, Chandra R. Bhat, and David A. Hensher. “An Annual Time Use Model for
Domestic Vacation Travel.” Journal of Choice Modelling 1, no. 1 (2008): 70–97.
LaMondia, Jeffrey J., and Chandra R. Bhat. “A Conceptual and Methodological Framework of
Leisure Activity Loyalty Accommodating the Travel Context.” Transportation 39, no. 2
(March 2012): 321–49. https://doi.org/10.1007/s11116-011-9342-0.
LaMondia, Jeffrey J., Daniel J. Fagnant, Hongyang Qu, Jackson Barrett, and Kara Kockelman.
“Shifts in Long-Distance Travel Mode Due to Automated Vehicles: Statewide Mode-Shift
Simulation Experiment and Travel Survey Analysis.” Transportation Research Record:
Journal of the Transportation Research Board 2566 (January 2016): 1–11.
https://doi.org/10.3141/2566-01.
Lanzendorf, Martin. “Mobility Styles and Travel Behavior: Application of a Lifestyle Approach to
Leisure Travel.” Transportation Research Record: Journal of the Transportation Research
Board, no. 1807 (2002): 163–173.
Lardiere, Salvatore, and Frank Jarema. “Impact of Projected Air Travel Demand on Airport
Access.” Highway Research Record 274, no. 274 (1969): 21–34.
Larsen, Jonas, John Urry, and K Axhausen. Mobilities, Networks, Geographies. Routledge, 2006.
Larsen, Jonas, John Urry, and Kay W. Axhausen. “Networks and Tourism.” Annals of Tourism
Research 34, no. 1 (January 2007): 244–62. https://doi.org/10.1016/j.annals.2006.08.002.
Larson, Douglas M. “Joint Recreation Choices and Implied Values of Time.” Land Economics 69,
no. 3 (August 1993): 270. https://doi.org/10.2307/3146593.
Lave, CA, J Mehring, and R Kuzmyak. “Price Elasticities of Intercity Passenger Travel,”
Proceedings of the Transport Research Forum. 1977.
Leake, G. R., and J. R. Underwood. “Comparison of Inter-city Bi-modal Split Models.”
Transportation Planning and Technology 5, no. 1 (January 1978): 55–69.
https://doi.org/10.1080/03081067808717148.
Leake, G. R., and J. R. Underwood. “Inter-city Travel: Some Planning Implications.” International
Journal of Environmental Studies 17, no. 3–4 (October 1981): 215–23.
https://doi.org/10.1080/00207238108709910.
Lee, Richard J., Ipek N. Sener, and James A. Mullins. “An Evaluation of Emerging Data Collection
Technologies for Travel Demand Modeling: From Research to Practice.” Transportation
Letters 8, no. 4 (August 7, 2016): 181–93. https://doi.org/10.1080/19427867.2015.1106787.
Leunig, Tim. “Cart or Horse: Transport and Economic Growth.” International Transport Forum
Discussion Papers, April 1, 2011. https://doi.org/10.1787/5kg9mq4ws027-en.
64

Lew, Alan, and Bob McKercher. “Modeling Tourist Movements.” Annals of Tourism Research 33,
no. 2 (April 2006): 403–23. https://doi.org/10.1016/j.annals.2005.12.002.
Limtanakool, Narisra, Martin Dijst, and Tim Schwanen. “On the Participation in Medium-and
Long-Distance Travel: A Decomposition Analysis for the UK and the Netherlands.” Tijdschrift
Voor Economische En Sociale Geografie 97, no. 4 (2006a): 389–404.
Limtanakool, Narisra, Martin Dijst, and Tim Schwanen. “The Influence of Socioeconomic
Characteristics, Land Use and Travel Time Considerations on Mode Choice for Medium- and
Longer-Distance Trips.” Journal of Transport Geography 14, no. 5 (September 2006b): 327–
41. https://doi.org/10.1016/j.jtrangeo.2005.06.004.
Limtanakool, Narisra, Tim Schwanen, and Martin Dijst. “Ranking Functional Urban Regions: A
Comparison of Interaction and Node Attribute Data.” Cities 24, no. 1 (February 2007): 26–
42. https://doi.org/10.1016/j.cities.2006.08.009.
Lue, Chi-Chuan, John L. Crompton, and Daniel R. Fesenmaier. “Conceptualization of MultiDestination Pleasure Trips.” Annals of Tourism Research 20, no. 2 (January 1, 1993): 289–
301. https://doi.org/10.1016/0160-7383(93)90056-9.
Madre, Jean-Loup, Kay W. Axhausen, and Werner Brög. “Immobility in Travel Diary Surveys.”
Transportation 34, no. 1 (January 19, 2007): 107–28. https://doi.org/10.1007/s11116-0069105-5.
Madre, Jean-Loup, and Joelle Maffre. “Is It Necessary to Collect Data on Daily Mobility and on
Long Distance Travel in the Same Survey?” Transportation Research Circular, 1999, 343–
364.
Mallett, William J. “Long-Distance Travel by Low-Income Households.” TRB Transportation
Research Circular E-C026—Personal Travel: The Long and Short of It, 2001, 169–177.
Marion, Bernadette, and Mark Horner. “Comparison of Socioeconomic and Demographic
Profiles of Extreme Commuters in Several U.S. Metropolitan Statistical Areas.”
Transportation Research Record: Journal of the Transportation Research Board 2013
(December 2007): 38–45. https://doi.org/10.3141/2013-06.
Maslow, A. H. (1943). A Theory of Human Motivation. Psychological Review, 50(4), 370-96.
McGuckin, Nancy, Jesse Casas, and Martha Wilaby. “MI Travel Counts III Travel Characteristics
Technical Report.” Michigan Department of Transportation. Lansing MI: Michigan
Department of Transportation, September 2016.
Meyburg, Arnim H. “An Analysis of the Relationships Between Intercity Passenger
Transportation and the Socio-Economic Characteristics of Metropolitan Areas,” Proceedings
of the Transport Research Forum. 1972.
Miller, Eric. “The Trouble with Intercity Travel Demand Models.” Transportation Research
Record: Journal of the Transportation Research Board, no. 1895 (2004): 94–101.

65

Moeckel, Rolf, Rhett Fussell, and Rick Donnelly. “Mode Choice Modeling for Long-Distance
Travel.” Transportation Letters 7, no. 1 (February 2015): 35–46.
https://doi.org/10.1179/1942787514Y.0000000031.
Mokhtarian, Patricia L. “The Times They Are A-Changin’ What Do the Expanding Uses of Travel
Time Portend for Policy, Planning, and Life?” Working Paper, 2018, 18.
Mokhtarian, Patricia L., and Ilan Salomon. “How Derived Is the Demand for Travel? Some
Conceptual and Measurement Considerations.” Transportation Research Part A: Policy and
Practice 35, no. 8 (2001): 695–719.
Mokhtarian, Patricia L., Ilan Salomon, and Matan E. Singer. “What Moves Us? An
Interdisciplinary Exploration of Reasons for Traveling.” Transport Reviews 35, no. 3 (May 4,
2015): 250–74. https://doi.org/10.1080/01441647.2015.1013076.
Monzón, Andrés, and Alvaro Rodrı ́guez-Dapena. “Choice of Mode of Transport for LongDistance Trips: Solving the Problem of Sparse Data.” Transportation Research Part A: Policy
and Practice 40, no. 7 (August 2006): 587–601. https://doi.org/10.1016/j.tra.2005.11.007.
Morf, Theodore F, and Frank V Houska. “Traffic Growth Patterns on Rural Highways.” Highway
Research Board Bulletin, no. 194 (1958).
Murakami, Elaine, and David P. Wagner. “Can Using Global Positioning System (GPS) Improve
Trip Reporting?” Transportation Research Part c: Emerging Technologies 7, no. 2 (1999):
149–165.
Næss, Petter. “Are Short Daily Trips Compensated by Higher Leisure Mobility?” Environment
and Planning B: Planning and Design 33, no. 2 (April 2006): 197–220.
https://doi.org/10.1068/b31151.
Nicolau, Juan L. “Variety-Seeking and Inertial Behaviour: The Disutility of Distance.” Tourism
Economics 16, no. 1 (2010): 251–264.
O’Neill, Wende A., and Eugene Brown. “Long-Distance Trip Generation Modeling Using ATS.”
TRB Transportation Research Circular E-C026—Personal Travel: The Long and Short of It,
2001, 271-286.
Oppermann, Martin. “Tourism Destination Loyalty.” Journal of Travel Research 39, no. 1 (2000):
78–84.
Oppermann, Martin. “Travel Life Cycle.” Annals of Tourism Research 22, no. 3 (1995): 535–552.
Organization for Economic Cooperation and Development. The Future for Interurban Passenger
Transport. OECD Publishing, 2010. https://doi.org/10.1787/9789282102688-en.
Ory, David T., and Patricia L. Mokhtarian. “When Is Getting There Half the Fun? Modeling the
Liking for Travel.” Transportation Research Part A: Policy and Practice 39, no. 2–3 (February
2005): 97–123. https://doi.org/10.1016/j.tra.2004.09.006.
Ottelin, Juudit, Jukka Heinonen, and Seppo Junnila. “Greenhouse Gas Emissions from Flying Can
Offset the Gain from Reduced Driving in Dense Urban Areas.” Journal of Transport
Geography 41 (December 2014): 1–9. https://doi.org/10.1016/j.jtrangeo.2014.08.004.
66

Outwater, M., Bradley, M., Ferdous, N., Pendyala, R., Garikapati, V., Bhat, C.R., Dubey, S.,
LaMondia, J.J., Hess, S., Daly, A. Foundational Knowledge to Support a Long-distance
Passenger Travel Dmand Model. Part A Final Report. Federal Highway Administration.
DTFH61-10-R-00036, March 2015.
Outwater, Maren, Kevin Tierney, Mark Bradley, Elizabeth Sall, Arun Kuppam, and Vamsee
Modugula. “California Statewide Model for High-Speed Rail.” Journal of Choice Modelling 3,
no. 1 (2010): 58–83.
Owen, Wilfred. The Metropolitan Transportation Problem. The Brooking Institute. 1956.
Paling, Christopher, Paul Hooper, and Callum Thomas. “The Sustainability of Air Transport.” In
The Geographies of Air Transport. Ashgate Farnham, 2014.
Presser, Harriet, and Joan Hermson. “Gender Differences in the Determinants of Work-Related
Overnight Travel among Employed Americans.” Work and Occupations 23, no. 1 (1996): 87–
115. https://doi.org/10.1177/0730888496023001005.
Puentes, Robert. “Have Americans Hit Peak Travel?” International Transport Forum Discussion
Papers, December 31, 2012. https://doi.org/10.1787/5k4c1s3c415b-en.
Putnam, Robert. Bowling Alone: The Collapse and Revival of American Community. New York:
Simon & Schuster, 2000
Resource Systems Group Inc. “Utah Travel Study.” Utah Department of Transportation. White
River Junction, VT: Utah Department of Transportation, January 2013.
Rice, RG, Eric Miller, and G.N. Steuart. Review and Development of Intercity Passenger Travel
Demand Models. Joint Program in Transportation 77. Joint Program in Transportation, 1981.
Richmond, Samuel B. “Interspatial Relationships Affecting Air Travel.” Land Economics 33, no. 1
(1957): 65–73. https://doi.org/10.2307/3144294.
Ritter, C., E. Greene, L. Flake, R. Anderson and G. Giaimo (2017). Long-distance Smartphonebased Travel Surveys in Ohio. International Conference on Travel Survey Methods,
September, L’Estrel Quebec, Canada.
Rohr, Charlene, James Fox, Andrew Daly, Bhanu Patruni, Sunil Patil, and Flavia Tsang.
“Modelling Long-Distance Travel in the UK.” In The 38th European Transport Conference,
Glasgow. Citeseer, 2010. http://citeseerx.ist.psu.edu/viewdoc/download?doi
=10.1.1.682.1367&rep=rep1&type=pdf.
Russell, Marie, and Patricia Mokhtarian. “How Real Is a Reported Desire to Travel for Its Own
Sake? Exploring the ‘Teleportation’ Concept in Travel Behaviour Research.” Transportation
42, no. 2 (March 2015): 333–45. https://doi.org/10.1007/s11116-014-9546-1.
Safi, Hamid, Behrang Assemi, Mahmoud Mesbah, Luis Ferreira, and Mark Hickman. “Design and
Implementation of a Smartphone-Based Travel Survey.” Transportation Research Record:
Journal of the Transportation Research Board 2526 (January 2015): 99–107.
https://doi.org/10.3141/2526-11.

67

Salomon, Ilan, and Patricia L. Mokhtarian. “What Happens When Mobility-Inclined Market
Segments Face Accessibility-Enhancing Policies?” Transportation Research Part D: Transport
and Environment 3, no. 3 (May 1998): 129–40. https://doi.org/10.1016/S13619209(97)00038-2.
Sandow, Erika, and Kerstin Westin. “The Persevering Commuter – Duration of Long-Distance
Commuting.” Transportation Research Part A: Policy and Practice 44, no. 6 (July 2010): 433–
45. https://doi.org/10.1016/j.tra.2010.03.017.
Santos, Adella, McGuckin, Nancy, Hikari Yukiko Nakamoto, Danielle Grey, and Susan Liss.
Summary of Travel Trends 2009 National Household Travel Survey 2011.
Schlich, Robert, and Kay W Axhausen. “Habitual Travel Behaviour: Evidence from a Six-Week
Travel Diary.” Transportation 30, no. 1 (n.d.): 24.
Schafer, Andreas, and David G. Victor. “The Future Mobility of the World Population.”
Transportation Research Part A: Policy and Practice 34, no. 3 (2000): 171–205.
Shafer, John. “Data Services for Statewide Transportation.” Highway Research Record, no. 264
(1969).
Sharp, Joy, and Elaine Murakami. “Travel Surveys: Methodological and Technology-Related
Considerations.” Journal of Transportation and Statistics 8, no. 3 (2005): 97–113.
Sheller, Mimi, and John Urry. “The New Mobilities Paradigm.” Environment and Planning A 38,
no. 2 (February 2006): 207–26. https://doi.org/10.1068/a37268.
Shiatte, Kenneth W. “Organization for Statewide Transportation Planning.” Highway Research
Record, no. 264 (1969).
Stachurski, A, and R.G. Rice. “Development of Direct Intercity Rail Passenger Demand Models,”
Transport Research for Social and Economic Progress. Proceedings of the Second World
Conference on Transport Research. 1981.
Steiner, Ruth, and Heedeok Cho. “Florida Long-Distance Travel Characteristics and Their
Potential Impacts on the Transportation System.” University of Florida Center for
Congestion Mitigation. Gainesville FL, March 2013.
Tideswell, Carmen, and Bill Faulkner. “Multidestination Travel Patterns of International Visitors
to Queensland.” Journal of Travel Research 37, no. 4 (1999): 364–374.
Transportation Research Board, Committee for a Study of Intercity, Passenger Travel Issues and
Opportunities, and in Short-Haul Markets. Transportation Research Board Special Report
320: Interregional Travel: A New Perspective for Policy Making. Washington, D.C.: National
Academies Press, 2016. https://doi.org/10.17226/21887.
Ullman, Hannah. Examining Disparities In Long-Distance Travel Access. Master’s Thesis.
University of Vermont. 2017.
Urry, John. “Mobility and Proximity.” Sociology 36, no. 2 (2002): 255–274.
U.S. Environmental Protection Agency. Inventory Of U.S. Greenhouse Gas Emissions And Sinks
1990-2016 EPA 430 R-18-003, April 2018.
68

U.S. Travel Association (2018) U.S. Travel Answer Sheet. https://www.ustravel.org/system/files/
media_root/document/Research_Fact-Sheet_US-Travel-Answer-Sheet.pdf - accessed
September 2018.
Valdes, Victor. “Determinants of Air Travel Demand in Middle Income Countries.” Journal of Air
Transport Management 42 (January 2015): 75–84.
https://doi.org/10.1016/j.jairtraman.2014.09.002.
Van de Vijver, Elien, Ben Derudder, and Frank Witlox. “Air Passenger Transport and Regional
Development: Cause and Effect in Europe.” PROMET - Traffic&Transportation 28, no. 2
(April 25, 2016). https://doi.org/10.7307/ptt.v28i2.1756.
van Goeverden, Kees, Bart van Arem, and Rob van Nes. “Volume and GHG Emissions of LongDistance Travelling by Western Europeans.” Transportation Research Part D: Transport and
Environment 45 (June 2016): 28–47. https://doi.org/10.1016/j.trd.2015.08.009.
Van Nostrand, Caleb, Vijayaraghavan Sivaraman, and Abdul Rawoof Pinjari. “Analysis of LongDistance Vacation Travel Demand in the United States: A Multiple Discrete–Continuous
Choice Framework.” Transportation 40, no. 1 (January 2013): 151–71.
https://doi.org/10.1007/s11116-012-9397-6.
Wang, Dan, Sangwon Park, and Daniel R. Fesenmaier. “The Role of Smartphones in Mediating
the Touristic Experience.” Journal of Travel Research 51, no. 4 (2012): 371–387.
Watson, Peter L. “Comparison of the Model Structure and Predictive Power of Aggregate and
Disaggregate Models of Intercity Mode Choice.” Transportation Research Record, no. 527
(1974).
Weiner, E. Urban Transportation Planning in the United States: An Historical Overview (Revised
Edition). Greenwood Publishing Group. 1999.
Wendover Productions. Why Don’t Planes Fly Faster. 2017.
https://www.youtube.com/WendoverProductions
Westat. 2016 NHTS Retrieval Survey Main Study Final. FHWA. April Accessed September 2016
http://nhts.ornl.gov/2016/pub/NHTS_Retrieval_Instrument_20160411.pdf
Wolf, Jean, Marcelo Oliveira, and Miriam Thompson. “Impact of Underreporting on Mileage
and Travel Time Estimates: Results from Global Positioning System-Enhanced Household
Travel Survey.” Transportation Research Record: Journal of the Transportation Research
Board, no. 1854 (2003): 189–198.
Xinyu Cao, P. L. Mokhtarian, and S. L. Handy. “No Particular Place to Go: An Empirical Analysis
of Travel for the Sake of Travel.” Environment and Behavior 41, no. 2 (September 23, 2008):
233–57. https://doi.org/10.1177/0013916507310318.
Zhao, Fang, Ajinkya Ghorpade, Francisco Câmara Pereira, Christopher Zegras, and Moshe BenAkiva. “Stop Detection in Smartphone-Based Travel Surveys.” Transportation Research
Procedia 11 (2015): 218–26. https://doi.org/10.1016/j.trpro.2015.12.019.

69

Zhang, Lei, Frank Southworth, Chenfeng Xiong, and Anthon Sonnenberg. “Methodological
Options and Data Sources for the Development of Long-Distance Passenger Travel Demand
Models: A Comprehensive Review.” Transport Reviews 32, no. 4 (July 2012): 399–433.
https://doi.org/10.1080/01441647.2012.688174.

70

