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TRANSPORTATION PLANNERS
often compare traffic to a fluid, assuming
that a certain volume of vehicles must
flow through the road system like water
through a network of pipes. But in many
situations urban traffic is more compara-
ble to a gas, which expands to fill available
space. Road improvements that reduce
users’ travel costs tend to attract traffic
from other routes, times and modes, and
encourage longer and more frequent vehi-
cle trips. This is called generated traffic,
referring to increased vehicle traffic vol-
umes at a particular time and location,
including travel diverted from other times
and routes. A portion of this additional
traffic usually consists of induced travel,
referring to increases in total vehicle trips
and distance traveled, excluding diverted
traffic.1 Induced travel is therefore a sub-
category of generated traffic.

This additional traffic reflects the eco-
nomic “law of demand,” which states that
consumption of a good usually increases as
its price (consumers’ perceived costs)
declines, all else being equal. Reducing con-
gestion reduces the generalized cost of dri-
ving, thus encouraging more peak-period
vehicle travel. To put this another way, most
congested roads have latent travel demand:
additional peak-period vehicle trips that
will occur if congestion is relieved.

Generated traffic has three different
impacts to consider in transportation
planning and project appraisal:

1. It reduces the congestion-reduction
benefit that can result from increased
road capacity.

2. It often increases
external costs, such
as downstream 

congestion, parking demand,
uncompensated crash damages and
environmental damages. This is
particularly true of induced travel.

3. Since it consists of marginal value
trips (vehicle travel consumers are
most willing to shift or forego if

their costs increase), consumer ben-
efits from generated traffic tend to
be modest.

This is not to suggest that expanding
roadway capacity provides no benefits,
but generated traffic significantly affects
the nature of these benefits. Ignoring
generated traffic in transportation plan-
ning distorts transport decisions.

This feature describes how generated
traffic occurs, defines different types of gen-
erated traffic, discusses their impacts and
describes ways to incorporate generated traf-
fic into transport planning and modeling.

DEFINING GENERATED TRAFFIC
Generated traffic is the additional

vehicle travel that results from a trans-
portation improvement. Traffic conges-
tion causes people to defer trips that are
not urgent, choose alternative destina-
tions and modes if possible, and forego
avoidable trips. Conversely, road system
changes that reduce congestion increase
peak-period vehicle travel.

You probably generate traffic yourself.
If capacity is expanded on nearby roads,
you may make more peak-period trips
and choose more distant destinations.
You might decide, “Since Main Street
was widened, I can drive downtown to
run errands rather than waiting until
after rush hour.” When shopping for a
home you might say, “Now that the new
highway is being built we can consider
locations further from town, since traffic
will flow faster.”

As a result of many such decisions,
traffic congestion tends to maintain a
self-limiting equilibrium. Road projects
that reduce congestion cause additional
peak-period vehicle trips until congestion
once again constrains further growth.

Figure 1 illustrates this pattern. Traffic
volumes increase until congestion devel-
ops, then the growth rate declines and
achieves equilibrium, as indicated by the
curve becoming horizontal. A demand
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projection made during the growth
period will indicate that more capacity is
needed, ignoring the tendency of traffic
volumes to eventually level off. If addi-
tional capacity is added, there will be
another period of traffic growth.

Table 1 describes different types of
generated traffic. In the short run, most
generated traffic consists of trips diverted
from other routes, times and modes,
called “Triple Convergence.”2 Over the
long run an increasing portion of gener-
ated traffic consists of induced travel.
Some of this additional vehicle miles
traveled (VMT) may occur on roads that
have no added capacity, apparently
because road capacity expansion “lever-
ages” automobile-dependent land use
patterns.3 For example, a new highway
may encourage households and busi-
nesses to locate in suburban and exurban
areas where per capita vehicle travel is
higher, rather than homes in more acces-
sible and multimodal neighborhoods.

Short-run, generated traffic effects
tend to represent movement along the
demand curve: reduced congestion
reduces users’ travel costs, but overall
vehicle travel demand does not change.
Long-run, induced travel effects often
represent an outward shift in the demand
curve as transportation and land use pat-
terns become more automobile-oriented,
and so more driving is required to access
goods, services and activities.

The amount of generated traffic tends
to increase over time, as more long-term
decisions are influenced by the additional
capacity, although, the actual occurrence of
short-run and long-run impacts can be
quite variable. Some short-run effects, such
as mode shifts resulting from changes in
consumer habits, may continue to accumu-
late over several years, and some long-run
effects, such as changes in development pat-
terns, can begin almost immediately after a
project is announced if market conditions
are suitable.

These impacts can be considered from
two perspectives. Project planners are pri-
marily concerned with generated traffic,
since it affects the congestion relief pro-
vided by a change in road capacity. Oth-
ers may be concerned with induced
travel, since this tends to have the great-
est impact on overall social costs. Simply

changing the route or timing of a vehicle
trip only affects a minor portion of costs.
Increasing vehicle trips and travel
increases many costs, including down-
stream congestion, road- and parking-
facility costs, crashes and environmental
impacts. Generated traffic that reduces
demand for alternative modes or leads to
more automobile-dependent land use
can increase future transportation costs
by reducing travel choice and access.

MEASURING AND MODELING
GENERATED TRAFFIC

In recent years an accumulating body
of theoretical and empirical evidence
based on various analytical techniques
has been used to measure generated traf-
fic and its impacts.4 As a result, there is
an emerging consensus among trans-
portation professionals that generated
traffic and induced travel are real phe-
nomena that must be considered for
accurate transport forecasts and eco-
nomic analysis.5 Findings from some
major studies are summarized below:

• Time-series travel data for various
types of roadways indicate an elasticity
of VMT with respect to lane miles of
0.5 in the short run and 0.8 in the
long run.6 This means that half of
increased roadway capacity is con-
sumed by additional travel that would

not otherwise occur within about five
years, and 80 percent of increased road
capacity will eventually be consumed
by this induced vehicle travel. Urban
roads had higher elasticity values than
rural roads, as would be expected, due
to higher levels of congestion and
latent demand.

• One study found the elasticity of Cal-
ifornia state highway traffic with
respect to highway capacity to be 0.6
to 0.7 at the county level and 0.9 at
the municipal level in the medium
run. This means that 60 percent to
90 percent of increased road capacity
is filled with new traffic within five
years.7 Total vehicle travel increased 1
percent for every 2 percent to 3 per-
cent increase in highway lane miles.
Researchers conclude, “it appears that
adding road capacity does little to
decrease congestion because of the
substantial induced traffic.”8

• A study by leading U.K. transporta-
tion economists concludes that the
elasticity of travel volume with
respect to travel time is –0.5 in the
short run and –1.0 in the long run.9
This means that reducing travel time
on a roadway by 20 percent typically
increases traffic volumes by 10 per-
cent in the short run and 20 percent
over the long run.

Figure 1. Effect of road capacity on traffic volumes. Traffic volumes grow when roads are uncongested, but
the growth rate declines as congestion develops, until it reaches equilibrium (indicated by the curve becoming
horizontal). If capacity is added, traffic grows once again. This additional vehicle travel is called generated
traffic when referring to a particular link, and induced travel when referring to total vehicle travel.
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• One study found the elasticity of
vehicle travel with respect to travel
time to be –0.27 in the short run and
–0.57 over the long run on urban
roads, and –0.67 in the short run and
–1.33 in the long run on rural roads.4

• The U.S. Department of Trans-
portation (U.S. DOT) Highway
Economic Requirements System
(HERS) model uses a travel demand
elasticity factor of –0.8 for the short
run and –1.0 for the long run,
meaning that if generalized costs
(travel time and vehicle expenses)
decrease by 10 percent, vehicle travel
is expected to increase 8 percent

within five years and a total of 10
percent within 20 years.10

• Generated traffic also works in reverse,
as shown by a detailed review of stud-
ies examining the travel impacts of
temporary and permanent reductions
in road capacity.11 In such cases, a sig-
nificant portion of the previous vehicle
traffic on the affected route did not
reappear on alternative routes. The
magnitude of these impacts were simi-
lar to those found for generated traffic,
although the time scale of response is
not necessarily symmetrical.

Of course, the amount of traffic gener-
ated by road capacity expansion varies

considerably depending on conditions. It
is not roadway capacity expansion itself
that changes travel behavior, but rather the
reduced congestion delays that result.
Expanding capacity of an uncongested
road will not generate traffic or induce
travel (although other improvements,
such as paving a dirt road or converting a
low-speed road into a high-speed highway
often induces vehicle travel on uncon-
gested roads). Increasing capacity on a
highly congested urban road tends to
cause considerable generated traffic due to
high levels of latent demand. In general,
the more congested a road is, the more
traffic is generated by increased capacity.

*Some types of generated traffic represent diverted trips (trips shifted from other times or routes) while others represent induced travel (absolute increases 
in vehicle trips and mileage).

Table 1. Types of generated traffic.*

Type of generated traffic

Shorter Route
Improved road allows drivers 
to use more direct route.
Longer Route
Improved road attracts traffic 
from more direct routes.
Time Change
Reduced peak-period congestion reduces 
the need to defer trips to off-peak periods.
Mode Shift; Existing Travel Choices
Improved traffic flow makes driving 
relatively more attractive than other modes.
Mode Shift; Changes in Travel Choice
Less demand leads to reduced rail and bus
service, less suitable conditions for walking
and cycling, and more automobile ownership.
Destination Change; Existing Land Use
Reduced travel costs allow drivers to 
choose farther destinations. No change 
in land use patterns.
Destination Change; Land Use Changes
Improved access allows land use changes,
especially urban fringe development.

New Trip; No Land Use Changes
Improved travel time allows driving to substi-
tute for nontravel activities (such as delivering
a package rather than using a courier).
Automobile Dependency
Synergetic effects of more automobile-oriented
land use and transportation system.

Category

Diverted trip

Diverted trip

Diverted trip

Induced vehicle trip

Induced vehicle trip

Longer trip

Longer trip

Induced trip

Induced trip

Time frame

Short run

Short run

Short run

Short run

Long run

Short run

Long run

Short run

Long run

Transport impacts

Small reduction

Small increase

None

Increased driving

Increased driving,
reduced alternatives

Increase

Increased driving,
auto dependency

Increase

Increased driving,
fewer alternatives

External costs

Slight reduction

Slight increase

Slight increase

Moderate to 
large increase

Large increase,
reduced mode
choice

Moderate to 
large increase

Moderate to large
increase, reduced
mode choice

Large increase

Large increase,
reduced mode choice
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Figure 2 shows the estimated range of
generated traffic under typical condi-
tions. More than half of added capacity is
filled within five years of project comple-
tion by additional traffic that would not
otherwise occur, with additional but
slower growth in later years.

To predict generated traffic, trans-
portation models use “feedback,” which
recognizes that congestion affects travel
behavior.12 Most current models can pre-
dict congestion-induced shifts in route,
destination and mode, and some can pre-
dict shifts between peak and off-peak
travel, but few take into account induced
travel (more and longer trips).13 Most
transport models treat land use develop-
ment patterns as an exogenous impact
unaffected by transportation decisions.
Models without full feedback give inaccu-
rate predictions of traffic congestion and
travel speeds, and so cannot accurately
evaluate transport policies and projects.

Ignoring the travel suppression effects
of congestion overestimates the magni-
tude of congestion problems if roadway
capacity is held constant or reduced and
overestimates congestion relief provided
by increased road capacity. In one exam-
ple, modeling a congested road network
without feedback underestimated traffic
speeds by more than 20 percent and
overestimated total vehicle travel by
more than 10 percent compared with
modeling with feedback.14

Analysis techniques are now available for
taking generated traffic into account in pro-
ject assessment.15 Omitting these tech-
niques tends to overstate the benefits of
urban highway capacity expansion.9 Eco-
nomic models that fail to consider gener-
ated traffic were found in one study to
overvalue roadway capacity expansion ben-
efits by 50 percent or more.16 The ranking
of preferred projects often changes when
feedback is correctly incorporated into pro-
ject assessment analysis.17 Ignoring gener-
ated traffic tends to skew planning and
investment decisions toward highway pro-
jects and away from No Build and trans-
portation demand management alternatives
such as road pricing, transit improvements
and commute-trip-reduction programs.18

The Federal Highway Administration
(FHWA) Spreadsheet Model for Induced
Travel Estimation (SMITE) is a relatively

easy-to-use sketch-planning program
specifically developed to predict the
amount of vehicle traffic likely to be
induced by a highway improvement and
its effects on consumer welfare and vehicle
emissions.19 The U.K. Design Manual for
Roads and Bridges provides specific instruc-
tions on methods to incorporate induced
traffic in roadway project economic analy-
sis.20 It includes guidelines for determin-
ing the importance of generated traffic in a
particular project analysis based on the
magnitude of congestion, the elasticity of
demand and the magnitude of the travel
cost changes produced by the project.
Depending on these factors, a simple,
intermediate, or complex method is rec-
ommended for incorporating induced
traffic into project appraisal. Both the
FHWA spreadsheet and the U.K. analysis
guidelines include recommended elasticity
values of vehicle travel with respect to
travel time for use in various conditions.

Another way to incorporate generated
traffic in project and policy analysis is to
use comprehensive land use/transportation
models (TRANUS and MEPLAN are
examples) that track transportation
improvement benefits through their
impacts on land values.21 These may help
solve many of the problems associated
with current models that fail to address the
impacts transportation decisions can have
on land use.

COSTS OF GENERATED TRAFFIC
Motor-vehicle traffic imposes a variety

of costs, including many that are external

(not borne directly by users). External
costs are particularly large for urban-peak
travel, when most generated traffic
occurs.22 The incremental external costs
of generated traffic should be included in
project evaluations (“incremental” mean-
ing the additional external costs caused by
the project’s generated traffic compared
with the No Build case).23

In the short run, increasing roadway
capacity can reduce some external costs.
Per-kilometer air emission and crash rates
can decrease if traffic flows more freely,
but these benefits decline over time and
are usually offset as generated traffic leads
to renewed congestion and as induced
travel increases total vehicle trips and dis-
tance traveled.24 In some situations
adding capacity can increase total conges-
tion by concentrating traffic on a few
links in the network and by reducing
travel alternatives such as public transit.25

The magnitude of external costs depend
on the type of generated traffic. In general,
diverted vehicle trips have the smallest incre-
mental costs. Shifts from one route to
another may cause no overall change in
external costs, while shifts from off-peak to
peak travel can increase downstream con-
gestion, but most other costs are unaffected.
Longer trips have moderate incremental
costs; they tend to increase crashes and pol-
lution. Induced vehicle trips tend to cause
large increases in external costs, including
downstream congestion, increased parking
costs, crashes and pollution. More dispersed
land use patterns and more automobile-
dependent transportation systems are likely

Figure 2. Elasticity of traffic volume with respect to road capacity. This illustrates traffic growth on a road
after its capacity increases. About half of added capacity is filled with generated traffic within a decade of
construction under normal demand conditions.
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to impose the greatest external costs,
although they are difficult to measure.26

CALCULATING CONSUMER BENEFITS
Generated traffic represents increased

mobility, which provides consumer bene-
fits that must also be considered in project
evaluation. However, benefits per trip
tend to be modest because generated traf-
fic consists of marginal value vehicle
travel, trips that consumers are most will-
ing to shift or forego if their perceived
costs increase. To calculate these benefits
economists use the “Rule-of-Half,” which
states that the benefits of additional travel
are worth, on average, half the per-trip
savings to existing travelers.27 Some newer
project evaluation models, such as the
FWHA’s SMITE and STEAM sketch

plan programs, use the Rule-of-Half when
calculating generated traffic benefits.28

A significant portion of consumer sur-
plus benefits from increased mobility are
often capitalized into land values. For
example, highway improvements fre-
quently increase urban periphery real
estate values, and highway offramps can
increase nearby commercial land values.29

These are largely economic transfers rather
than net economic gains (increased prop-
erty values in one area are offset by reduc-
tions in property values elsewhere).30

EXAMPLE
A four-lane, 10-kilometer (km) high-

way between a city and nearby suburbs
is congested 1,000 hours per year in
each direction. Regional travel demand

is predicted to grow at 2 percent per
year. A proposal is made to expand the
highway to six lanes, costing $25 mil-
lion in capital expenses and adding $1
million in annual operating expenses.

Figure 3 illustrates predicted traffic vol-
umes. Without the project, peak-hour traf-
fic is limited to 4,000 vehicles in each
direction, the maximum capacity of the
two-lane highway. When the model ignores
the effects of generated traffic, it predicts
that traffic volumes will grow at a steady 2
percent per year if the project is imple-
mented. When generated traffic is consid-
ered, the model predicts faster growth, the
basic 2 percent growth plus additional
growth due to generated traffic, until vol-
umes level off at 6,000 vehicles per hour, the
maximum capacity of three lanes. Ignoring
generated traffic significantly overstates the
congestion-reduction benefits (higher traffic
speeds) that result from increased road
capacity, as indicated in Figure 4.

The model divides generated traffic
into diverted trips (changes in trip time,
route and mode) and induced vehicle
travel (longer and increased trips),
assuming that all generated traffic during
the first year, and half during the second
year, represents diverted trips, and the
rest is induced travel. This reflects the
tendency of short-run generated traffic to
consist primarily of diverted trips, while
over the long run an increasing portion is
induced travel resulting from structural
transportation and land use changes.
Incremental external costs (downstream
congestion, road and parking facilities,
crash and environmental costs) are
assumed to average 30 cents per vehicle-
kilometer of induced vehicle travel. User
benefits of induced travel are calculated
using the Rule-of-Half.

Figure 5 illustrates project benefits (bars
above the baseline) and costs (bars below
the baseline) using a standard model that
ignores generated traffic. This has a positive
net present value (NPV) of $50 million,
indicating that the project is economically
worthwhile. Figure 6 illustrates project ben-
efits and costs when generated traffic is con-
sidered. Congestion-reduction benefits
decline while additional external costs and
consumer benefits are included. The NPV
is –$25 million, indicating that the project
is not worthwhile.

Figure 3. Projected traffic.31 If generated traffic is ignored, the model predicts that traffic volumes will grow at a
steady 2 percent per year if the project is implemented. If generated traffic is considered, the model predicts a higher
initial growth rate, which eventually declines when the road reaches capacity and becomes congested.

Figure 4. Projected traffic speeds when capacity is added. When generated traffic is ignored, average traffic
speeds are predicted to be significantly higher than if generated traffic is considered.
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This example illustrates how generated
traffic can significantly impact highway
project evaluation. Of course, not every
project will shift from positive to negative
net present value when generated traffic
impacts are considered, and sensitivity
analysis should be used to represent the
uncertainties associated with predicting
generated traffic effects. However, in
many situations even lower-bound esti-
mates of generated traffic have significant
impacts on analysis results, changing the
ranking of solutions, or the optimal
design and timing of roadway projects.

COUNTER ARGUMENTS
There is considerable debate about

the implications of generated traffic and
induced travel. Some highway advocates
argue that generated traffic has minor
implications for transportation decision-
making. They emphasize that increasing
roadway capacity usually reduces conges-
tion to some degree and that generated
traffic represents increased mobility that
provides consumer benefits.32 Others
point out that demographic and eco-
nomic changes cause more growth in
vehicle travel demand than increased
roadway capacity.33 This feature does not
disagree with these individual arguments,
but makes the following points:

• Increased road capacity usually does
reduce traffic congestion, at least in
the short and medium run. How-
ever, failing to consider generated
traffic tends to overstate how much
congestion will decline and the
magnitude of benefits that result,
often to a significant degree. To be
accurate, estimates of congestion-
reduction benefits must take into
account generated traffic and its
incremental external costs.

• Generated traffic does provide con-
sumer benefits that certainly should
be considered in project analysis.
However, these benefits tend to be
modest because generated traffic con-
sists of marginal value trips, vehicle
trips that consumers are most willing
to shift or forego if their costs increase.
These consumer benefits should be
accurately identified and measured.

• Many factors contribute to
increased motor-vehicle use. But

overall trends indicate little about
the cost effectiveness of a particular
policy or project. Just because
demographic or economic factors
increase, overall vehicle travel
demand does not mean that every
roadway must expand proportion-
ally. Other strategies for improving
access may provide greater overall
social benefit. Only careful eco-
nomic analysis of each situation,
taking into account the effects of
generated traffic, can identify the
most cost-effective project or policy.

Generated traffic does not necessar-
ily eliminate the benefits of increasing
highway capacity, but it significantly
changes the nature of these benefits.
Considering generated traffic in pro-
ject analysis provides a more rigorous

test of benefits and a more accurate
prediction of the optimal solution to
transportation problems.

CONCLUSIONS
Urban traffic congestion tends to

maintain equilibrium. Congestion
reaches a point at which it discourages
additional peak-period trips. If road
capacity increases, peak-period vehicle
trips often increase. In the short run this
consists primarily of travel diverted
from other times, routes and modes.
Over the long run an increasing portion
consists of an absolute increase in vehi-
cle trips and travel.

Planning practices that ignore gener-
ated traffic can result in inaccurate predic-
tions and faulty decisions. This overstates
the benefits of highway capacity expan-

Figure 5. Estimated costs and benefits, ignoring generated traffic. This figure illustrates annual benefits and costs
when generated traffic is ignored. Benefits are bars above the baseline; costs are bars below the baseline.

Figure 6. Estimated costs and benefits, considering generated traffic. This figure illustrates benefits and costs when
generated traffic is considered. Benefits are bars above the baseline; costs are bars below the baseline. This analysis
includes consumer benefits and external costs associated with generated traffic. Travel time and vehicle operating cost
savings end after about 10 years, when traffic volumes per lane and thus congestion return to pre-project levels.
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sion projects in congested urban areas and
understates the relative benefits of alterna-
tive strategies that encourage more effi-
cient use of existing road capacity.

Highways with significant conges-
tion tend to be located in major urban
areas where the external costs of motor-
vehicle traffic tend to be greatest and
transportation alternatives tend to be
most viable. As a result, the worse the
congestion, the more important it is to
fully account for generated traffic and to
compare capacity expansion with

demand management strategies.34 Of
course, each situation must be evaluated
individually to determine the optimal
solution to congestion problems.
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