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1. INTRODUCTION

Increase of road capacity by adding one or more lanes to existing roads, or
the opening of new road(link)s, may improve the traffic flow and thereby
reduce congestion. However, new road infrastructure may also attract extra
new traffic (‘induced demand’) and thereby reduce the initial effect on
congestion.

This paper addresses the following questions related to the phenomenon of
induced demand. How much is the increase of observable car use on the
road network after the opening of new road infrastructure? How much of this
new car use on the network has been evoked by adding road capacity? What
are the benefits of adding road capacity for the user?

2. DEFINITION OF ‘INDUCED DEMAND’

Induced demand can be defined in different ways. The definition may include
all possible behavioural reactions of travellers, but may also be limited to the
extra traffic on formerly congested links during peak hours (McKinsey, 1986).
In this paper, we define induced demand as the ‘net amount of vehicle
kilometres on the total road network during working days’.

The trigger for the attention for induced demand or induced traffic is the
research to find answers to commonplace clichés, such as “you can’t pave
your way out of congestion” (Cervero, R. 2003a). In the popular press, the
term can be used to suggest that any increase in highway capacity is quickly
negated by additional traffic and hence does not reduce congestion.

Latent demand is in essence the demand for a product or service that a
consumer cannot satisfy because it is too expensive or not available or
because it is not known that the product or service is available (Cambridge
Business English Dictionary). The concept of latent demand stems from the
economic theory of demand and supply (Noland & Lem, 2002). Improvement
of the product by adding road capacity leads to shorter travel times and higher
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reliability of travel times and thereby transforms the latent demand into
manifest demand. This results in an increase of vehicle kilometres on the road
network. Several concepts are used to refer to this phenomenon: induced
demand, induced travel, induced traffic, and latent demand. In scientific
publications, all four concepts are used.

The SACTRA report (1994, 1999), which was based on theoretical and
empirical research conducted for the UK, found that “induced traffic’ (extra
traffic likely to be induced by road improvements) exists (“probably quite
extensive”), and that the amount varies depending on the circumstances. The
report offers suggestions about how to measure the phenomenon.

Table 1 presents an overview based on Hills (1996) of all possible behavioural
reactions of travellers in terms of journeys that are possible following road
expansion. After opening a road expansion, some travellers undertake the
same journeys as previously, while other travellers change their behaviour in
various ways. Combinations may occur as well. The marked (v') behavioural
reactions may lead to an increase in traffic volume (but not necessarily). In
practice, some behavioural reactions occur frequently, and others
infrequently.

TABLE 1. Theoretically possible behavioural reactions to road expansion
(Hills, 1996).

Same destination Other
destination

Same Other | Other [Other [ Lower Increase

route, route |timing [ mode |vehicle- in

timing, occupancy | frequency

vehicle-

occupancy,

mode and

frequency
Same v v v v v
origin
Other v v v v v v v
origin

In this paper, induced demand, or induced traffic, is defined as the increase in
car use per day on the total network, in terms of the vehicle kilometres
resulting from road expansion (new roads or adding lanes). Hence, other
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underlying factors of increased car use, such as population growth and
economic growth, are not included in this definition.

3. HOW MUCH DEMAND IS INDUCED?
3.1 Former empirical studies in the Netherlands

McKinsey (1996) estimated the so-called ‘latent demand’ in the Netherlands to
be 27% during the busiest peak hour on congested highways. This was based
on a survey and generalization of the Dutch National Model System (LMS).
However, this 27% figure did not account for the per day car use on the total
road network and therefore does not indicate the amount of induced travel. It
does however provide insight into the origin of increased car use on
congested roads during peak hours. This increase appeared to be mainly
influenced by a switch to other roads (11%) and other time periods (12%), and
only to a lesser degree by switches from public transport (3%), another
destination, and ‘new’ trips (a combined 1%)(Figure 1).

FIGURE 1. Extra trips by maximum road expansion to avoid congestion on
congested highways during the busiest hour (McKinsey, 1996).
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To ascertain the impact of the completion of the Amsterdam Ring Road
(including the A10 Zeeburger Tunnel) in 1990, a sample of people residing
north of the North Sea Channel were interviewed some months prior to, and
after, the opening (Bovy, 1992; HCG, 1991). One year after opening, the total
number of trips across/under the North Sea Channel increased by 8%. Of this
increase, 3% was the result of autonomous growth (2% home-work
commutes), and 5% the result of opening the Amsterdam Ring Road, which
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can be regarded as induced demand in the sense of added car use resulting
from new infrastructure. Of this 5%:

1) 2% resulted from an increase in total car kilometers due to shifts in route,
2) the opening had no impact on the use of public transport,

3) an increase of 1% resulted from car passengers becoming car drivers and
4) 2% more traffic resulted from shifts in destination and trip frequency.

Major changes were found to have occurred in the residents’ travel behaviour,
both among those who travelled by car before and after the opening:

1) 25% of the car users adapted their route (tunnel) and

2) 31% adapted their departure time, resulting in a 16% increase in trips
undertaken between 7:00 and 9:00, and a 15% decrease in trips undertaken
before and after the morning peak.

The adaptation of departure times suggests that - following the increase of
capacity - a major shift occurred from off-peak to peak. This phenomenon has
been called “the return to the peak” (Bovy, 1992). The peak is the preferred
departure time.

The impact of the opening differs per trip purpose. The 5% of induced demand
primarily consists of trip purposes that were not related to work (shopping,
recreation, social visits). Home-to-work commutes accounted for 1%. The
traffic increase due to autonomous factors after opening (3%) was mainly
caused by home-to-work commutes (2%).

Five years after opening, the total number of trips across/under the North Sea
Channel increased by 22% (Jong, et al., 1998). Of this increase, 15% resulted
from autonomous growth (population growth and increased economic
prosperity), and 7% from the opening of the Amsterdam Ring Road, which can
be regarded as induced demand.

Prior to construction of the Amsterdam Ring Road, the National Model System
(LMS) was used to estimate the amount of induced demand: it was estimated
to be 6% one year after opening, and 8% five years after opening. This
estimation appears to estimate the same induced demand levels as the
impacts identified empirically afterwards.
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3.2 KiM study of impacts of lanes added to the road network 2000-2012

The KiM Netherlands Institute for Transport Policy Analysis conducted a study
aimed at identifying the impact of the extensions of the capacity added to the
Netherlands’ main trunk network at 119 locations in the period 2000-2012.
These are permanent lanes, and lanes to the left and right of existing
permanent lanes, only rendered accessible during times of expected heavy
congestion. The length of the individual capacity extensions range from 0.4
km to almost 30 km. In total approximately 966 extra lane kilometres were
added to the Dutch main road network during this period. This study indicated
the amount of induced demand and the specific shifts in traffic after the
opening of the extra capacity.

A regression model was used to ascertain the increase in car use after the
opening of 119 added lanes, as compared to roads on the trunk road network
without added lanes, while controlling for changes in other factors that
influence car use. This regression contained approximately 3,000 stretches of
road network with a mean length of 1 kilometre, on a monthly basis, during the
period 2000-2012. Other factors were: additional policy measures, such as
traffic management, driving speed enforcement and lower maximum speeds,
a lower tax for commuters introduced in 2004, weather conditions, road works
and accidents, changes in fuel prices, and changes in the number of
inhabitants, jobs and car ownership rates per municipality. The impact of new
roads (approximately four new roads were built during this period) was only
included insofar as it impacted the already existing trunk road network. A
similar method was used to explain the increase in hours of delay. For a
detailed description of this method, see Van der Loop et al. (2014).

By adding the lanes to the main trunk network, daily car use on working days
on the main trunk network increased by 4% in vehicle kilometres (Table 2). No
impact on car use was identified when traffic management (dynamic route
information systems and ramp metering) was introduced. The impact of
autonomous factors on car use was about +12%. The total increase in car use
observed during the period 2000-2012 was 16%.
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TABLE 2. Effects of new lanes on car use (vehicle kilometres) on the main
trunk network per time of day, 2000 to 2012.

Car use Hours of delay
(vehicle kilometres)
Observed development 2000-2012 16% 5%
Effect of adding lanes 4% -40%
Effect of autonomous factors 12% 45%

The added lanes’ impact of 4% could be fully or partially caused by shifts from
other roads to the main trunk network. The amount of ‘new car use’ resulting
from the added infrastructure on the main trunk network is therefore between
0% and 4%. At present the number of vehicle kilometres added by adding
infrastructure on the main trunk network is estimated to be 2%. Based on the
amount of shifts in route choice after adding road capacity in the above
studies in the Netherlands and studies abroad, the impact of shifts in route
choice is estimated to be 50% of the total increase in car use on the main
trunk network.

The lanes added from 2000 to 2012 reduced the number of hours of delay
and therefore the level of congestion on the main trunk network (Table 2).
Major differences exist in the impact of the separate added lanes. Moreover,
the impact differs between the amount of delay on the roads preceding and
following the road stretches that had lanes added. The largest impacts usually
occurred on the stretches preceding the roads with added lanes, and on the
stretches with added lanes. Both increases and decreases in hours of delay
also occurred on the roads following the road stretches with added lanes, and
on the roads crossing the roads with added lanes. The added lanes resulted
in an overall decrease of 45% in hours of delay.

The increase in car use resulting from the opening of added lanes differs
sharply per location and time of day. When new lanes are opened, a relatively
large increase in car use occurs during peak hours on the roads with the new
lanes and on the roads around these new lanes. During the morning peak, the
impact of new lanes on and around stretches with new lanes was 10%; during
the afternoon peak, the impact in the period 2000-2012 was 12% (Table 3).
Based on the results of the McKinsey and Amsterdam Ring Road studies, and
research conducted outside the Netherlands, it is assumed that car use during
peak hours increased, primarily due to the fact that car drivers shifted from
driving during off-peak hours (because of congestion), to driving during peak
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hours (because of the new capacity and congestion reduction), or in
combination with shifts in routes from primary and secondary roads to the
main trunk network. The increase in car use caused by new lanes particularly
occurred in the years 2011-2012, as most new lanes were opened from 2010
to 2012.

TABLE 3. Effects of new lanes on car use (vehicle kilometres) on and around
road stretches with new lanes per time of day, 2000 to 2012.

Morning | Afternoon | Hours | Off- Daily
peak peak before |[peak
(7:00- [(16:00- |and (20:00-
9:00) 18:00) after 15:00;

peak [19:00-
6:00)
Stretches with new lanes 9% 12% 5% 1%| 5%
Stretches around the new lanes 10% 12% 5% 1%| 5%

Figure 3 shows the shifts in car use that occurred annually over the course of
a day. From 2000 to 2008, car use increased during all hours of the day
between 7:00 and 19:00, and this can be attributed to the impact of social
factors (increased number of inhabitants, jobs and car ownership rates in
municipalities). In recent years, however, the increases in car use only
occurred during peak hours, and not during the day’s off-peak periods. The
annual development of hours of delay followed a different pattern, however.
Prior to 2008, the hours of delay increased during peak hours as well as off-
peak hours; however, due to the economic crisis, from 2008 to 2012 the hours
of delay decreased during peak hours as well as off-peak hours.
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FIGURE 3. Trends in car use and hours of delay during the day on the
Netherlands’ main trunk network from 2000 to 2012.
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3.3 Comparison with empirical studies in other countries

Numerous studies were conducted in the US and UK to identify the level of
induced demand (Goodwin, 1996; Noland & Lem, 2002; Goodwin & Noland,
2003; Cervero, 2003a; Noland & Hanson, 2013; Litman, 2014). An overview
for the Netherlands, conducted in 1997 (Annema & de Wolf, 1997) and based
on theory, modelling and empirical data, found a ratio of passenger car use to
infrastructure of 0.15-0.6. The studies of Fulton et al. (2000) and Cervero
(2003b) are seemingly the most detailed and elaborate empirical studies and
are deemed as such in literature (Noland & Lem, 2002; Goodwin & Noland,
2003). Both studies apply to counties with available annual data pertaining to
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vehicle kilometres, population, employment, etc. Studies conducted on the
state level have rather diverging results, ranging from 0.037 (Hymel, et al.,
2010) to 0.9 (Duranton & Turner, 2011). Bonsall (1996) concludes that it is
virtually impossible to identify all behavioural reactions to infrastructure
expansions separately. Using a balanced plan of traffic counts, control counts
and screenlines is the most efficient manner of identifying increases in car use
and rerouting.

The increase in car use in the short term (within 2 to 3 years) is caused by
shorter travel times, and in the longer term also by changes in home and work
locations and in spatial planning, which is a result of travel times changing due
to added infrastructure (e.g. Cervero, 2013 a and b; Goodwin & Noland,
2003).

The ‘new’ car use (induced demand) caused by adding lanes on the main
trunk network in the Netherlands seemingly approximately corresponds to the
results of empirical studies conducted for road networks abroad (Table 4). If
lane length increases by 10%, car use increases by an average of 3%-5%
over a period of approximately five years. This ratio seems to be the best
indication of the mean level of induced demand. This figure however seems to
be based on empirical studies that do not account for traffic on all roads;
therefore, it must be accepted that part of the car use caused by adding
infrastructure may well be the result of a shift in route choice. If so, a ratio of
0.2, as estimated in the Netherlands in the period 2000-2012, is perhaps more
accurate. Figure 4 presents the level and main components of induced
demand based on the empirical studies in this paragraph in one overview.

TABLE 4. Ratio of the increase of car use and hours of delay to the increase
of added lane kilometres.

Ratio of car use Ratio of hours of delay
(vehicle kilometres) to [to added lane
added lane kilometres|kilometres

Fulton et al. (2000) 02-0.6
Noland & Lem (2002) 0.3-0.6
Cervero (2003) 02-0.6
Goodwin (2003) 0.3-05
Netherlands 2000-2012 0.4 -4.4
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FIGURE 4. Mean change in car use by adding 10% lane kilometres (before
opening = 100%).
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4. BENEFITS OF ADDING CAPACITY FOR THE USER

The benefits of the 119 lanes added from 2000 to 2012 can be calculated in
terms of generalized travel costs by identifying the impact on travel time and
reliability of travel time (including extremely long travel times). Reliability of
travel time is defined as the total variation in travel time that the traveller
experiences as measured with the standard deviation of travel time (see Van
der Loop, 2014 for a detailed explanation of the definition and measurement).
The benefits for citizens and companies of the 119 lanes opened from 2000 to
2012 are estimated at approximately 470 million Euros and 480,000 Euros per
new lane kilometre in 2012. Approximately 83% consists of benefits in travel
time, and 17% as benefits in travel time reliability. The effects of new lanes on
hours of delay and reliability (hours of standard deviation) on the main trunk
network for passenger and freight traffic were multiplied by the occupancy and
value of time and reliability per trip purpose (Warffemius, 2013). This
calculation accounts for travellers shifting from destination, route, time of
departure, and mode. The ‘rule of half’ was applied.

Approximately 73% of the travel time benefits accrue to passengers, and 27%
to freight. Freight accounts for only 8% of the hours saved, but has a higher
value than passenger traffic (45.07 Euros and 12.50 Euros, respectively).
Approximately 81% of the benefits of reliability accrue to passengers, and
19% to freight.
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5. IMPLICATIONS FOR COST-BENEFIT ANALYSES OF ROAD
INVESTMENTS

In order to evaluate road investment plans, travel time benefits for passengers
and shippers are estimated with and without alternative investments for
existing, new and ‘overcoming’ travellers (travellers shifting in destination,
route, time of departure and mode)(CPB & NEI, 2000). To evaluate
investments in road infrastructure, the National Government in the
Netherlands uses the National Model System (LMS) to estimate the benefits
of travel times in the Netherlands. Induced demand has been accounted for
by modelling the behavioural reactions of travellers to road expansion as
described in paragraph 4.

According to the ‘rule of half, new and overcoming travellers receive, on
average, half of the benefits of travel time gains of existing travellers. Although
the travellers shifting from off-peak to peak receive a benefit of travel time, a
separate value for the preferred departure time is missing. Because many
travellers seem to profit from this preferred travel time (Table 3), cost-benefit
analyses of road investments could perhaps be improved by adding a value
for travelling at the preferred arrival time.

6. CONCLUSION AND DISCUSSION

To understand the amount of induced demand, we may conclude that is
important to gain insights into the types and degree of behavioural reactions
that generally occur after the opening of new infrastructure. An increase in car
use during peak hours at certain road stretches might be misunderstood as an
increase of the total new car use elicited by new road infrastructure. Recent
evidence from the Netherlands supports previous evidence that new road
infrastructure generates new car use, but the amount of induced demand
might be less than has been assumed thus far. It may also be a signal that the
amount of induced demand has decreased in the past decades. Part of the
increases of traffic observed after adding new infrastructure could be the
result of changes in route choice.

The benefits of new infrastructure for users in terms of travel time savings and
reliability can be calculated on an empirical basis.

The relatively large share of shifts in route choice suggests that evaluations of
investments in new road infrastructure could be improved by evaluating the
preferred departure time in cost-benefit analyses.
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