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“Induced” is a term implying that a particular condition is indirectly caused by another
condition. In the case of traffic volumes, the term arose from the phenomenon that
improvements to a highway -- especially capacity improvements -- seemed to result in
more traffic choosing to use the road than would be the case if the highway were not
improved. To an economist, this is an example of demand elasticity. Simply recognizing
that travel demand is elastic, however, is not sufficient to reconcile the conflicting views
of engineers, planners, and environmentalists. On one side are those who argue that
transportation facilities are provided to serve land uses and support economic activity;
on the other are those who claim that whatever capacity is provided soon fills up to the
same level of congestion, gaining nothing. The truth can be better understood by defin-
ing induced demand in a way that uses the concept of elasticity.

This appendix describes the concepts guiding several modifications that were made to
the HERS model for the 1997 Conditions and Performance report to Congress. With
minor exceptions noted below, the model implements the concepts as they are described
here.

Concepts of Induced Demand

Frequent references are made in transportation planning to the concept of induced

demand, but the term remains ambiguous. The intent here is to define the relevant con-
cepts, and show how they can be operationalized in representing demand for purposes of
benefit-cost evaluation of capital improvement projects.

Acknowledgments: The author thanks Ross Crichton, William Goldsmith, and Anthony Rufolo for valuable
comments and suggestions. Lisa Klein and Gregorio Camus were instrumental in the development of the
algorithms.
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Short Run versus Long Run

Exogenous Demand
Factors

Demand Fills Capacity

Elastic Demand

Historically, demand forecasts in urban transportation planning have been based on
exogenous variables such as land use, population, employment, and income. Once these
variables are measured or estimated, the result is a “point” estimate for traffic volume at
a future date. Demand, in this sense, is influenced by neither transportation infrastruc-
ture nor money price, but is determined entirely by exogenous factors.

If demand is determined by forces beyond the control of the transportation planner, then
failure amounts to not having adequate facilities to handle it, and the planner is simply
the messenger. Alternatively, if the facility creates its own demand, the planner is just
furthering the careers of planners.

A contrasting concept has emerged claiming that additional capacity stimulates corre-
sponding increases in demand. This concept embodies the “build it and they will come”
idea, or a belief in the existence of “latent demand,” which suggests that there are will-
ing buyers who will express their demand for travel once the service is offéned.
growing urban areas, the evidence from recent decades seemed to support this interpre-
tation.

Although the idea has not been implemented as a formal forecasting method, the impli-
cation is that demand is entirendgenous. If true, the policy choice is whether to per-
mit travel to grow or to suppress it.

Perhaps the first recognition that demand responded to endogenous factors was the
assertion that congestion is self-regulating, implying an automatic balancing of supply
and demand. More recently, the economist’s concept of demand being a relationship
between price and quantity demanded has become accepted, if not necessarily applied in
practice. From this perspective, all endogenous changes in volume are movements along
the demand curve, whether they are called latent, induced, or something else. If “price”
is generalized to include travel time, operating costs, and accidents, then changes in
capacity and alignment alter the “price” and thereby cause movements along the
demand curve.

Overall, then, travel demand is the result of a combination of both exogenous factors
that determine the location of the demand curve, and endogenous factors that determine
the price-volume point along the demand curve.

Short Run versus Long Run

The short run can be any period of time over which something remains fixed. What is
fixed might be the capacity of a highway, fuel efficiency of the vehicle fleet, locations of

1 For an interpretation of latent demand, see Small (1992), pp. 112-116, or Small, Winston, and Evans (1989)
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employment, or anything else that changes slowly. The long run is enough time for these
characteristics to change. The short run is typically assumed to be about a year in trans-
portation planning, but the dividing line depends upon the practical context.

Demand “elasticity” is the responsiveness of quantity demanded to changes in [Bteert Run Elasticity
Price is generalized for travel demand purposes to include travel time, operating costs,

and accidents, as well as user chafgeserything included in this generalized price is

an endogenous factor with respect to induced traffic. An increase in capacity that lowers

travel time, for example, results in additional travel if the elasticity is not zero.

Short run demand elasticity tends to be lower (less elastic) than long run elasticity,
because more opportunities to increase or reduce consumption can be developed over
the long run than in the short run, while short run options do not diminish in the long
run. If the price of fuel goes up, for example, highway travelers can reduce fuel con-
sumption by taking fewer trips and chaining trips together, by carpooling to share
expenses, by driving in ways that achieve better mileage, and by taking a larger share of
trips on transit. In the long run they can also switch to more fuel-efficient vehicles, and
change their workplace and residence locations. If the price stays high, vehicle manu-
facturers will develop and produce more fuel-efficient vehicles, and better transit service
may be offered.

While the distinction between short run and long run demand is really a continduong Run Elasticity
rather than two discrete states, the separation is useful both conceptually and for model-
ing purposes. In Figure B-1, two short run demand curves are shown in relation to their
common long run demand curve (the latter indicated by a dashed line). Demand could
be for a facility, a corridor, or even travel in a region. At a “long run” prigg tiie vol-

ume isvq and the short run demand curg applies, such that changes in the price
cause changes in volume along this demand curve in the short run. If the price drops to
po, for example, then volume will increase to a flowp§ If the price stays at that level

for the long run, then the short run demand curve will shift outwambteesulting in

the volumev; at that price. If the price were then to go back up;tovolume would

only drop tov, sin the short run, but eventually backwoin the long run.

For example, secular declines in real fuel prices have led to increases in the size and
weight of vehicles and concomitant declines in their fuel economy; if the price of fuel
were to increase, gasoline consumption would drop but the vehicle fleet would take time
to evolve to a more fuel-efficient average. Changes are not necessarily completely
reversible: knowledge gained from research leading to advances in technology in, say,
fuel efficiency, is not lost when the need is lessened, but its application tends to dimin-
ish.

2 The generalized price embodied in HERS includes time, operating costs, and accidents, but no user charges
per se The implications of this omission are discussed in greater depth in Appendix D.
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Short Run versus Long Run

Induced Traffic versus
Induced Demand

Disaggregation of Long
Run Elasticity

A similar distinction can be made between “induced traffic’ (or induced travel) and
“induced demand,” by applying the short run and long run concepts: demand is assumed
fixed in the short run, so changes in volumes are the result of movements along the
demand curve, whereas the short run demand curve can shift in the long run. Thus these
terms are defined such that “induced traffic” is a movement alonghty rundemand

curve, while “induced demand” is a movement alongléhg rundemand curve, or an
endogenoushiftin the short run demand curve.
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FIGURE B-1. Long run demand with short run demand curves.

In Figure B-1, no time direction is implied on the horizontal dimension; the shape of the
long run demand curve does not mean that price declines over time. Nor are the short
run demand curves necessarily ordered from one to two; demand could Bigereat

then shift toD4. The diagram shows only the relationship between price and volume
under short run and long run conditions.

Long run elasticity -- as with any other demand elasticity -- is a ratio of the percent
change in quantity demanded to the percent change in the price of the good. Referring to
Figure B-1, the first circled point gb{,v;) is taken to represent a point on both the short
run and long run demand curves. The second circled poip4,af)(represents the long

run result of a price change, which lies on the previous long run demand curve but a new
short run curve. The arc elasticity between the two points is
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wheree g is the long run elasticity of demand. If the following simplifications are made
for ease of presentation,

a= p,—P;
=V sV (2]
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as shown in Figure B-1, then the long run elasticity can be represented as
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where the first term in parentheses is the short run elastigifyded the second term is

the shift in the demand curve over the long run, represented as an elasticity. Thus the
long run elasticity is the sum of thgggand a purely long run component which will be
called the long run share,rg, defined as
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The g grg component can be interpreted in the same way as a normal elasticity, and can

be empirically measured as the difference between the short run elasticity and the long
run elasticity estimated for the appropriate time pefiod.

Induced Traffic

As defined above, inducedaffic is a movement along the short run demand curve.
Common usage of the term “induced” suggests additional traffic, i.e., an increase in vol-
ume. Decreases might be called disinduced or deterred or discouraged traffic. For
present purposes, the term induced refers to any endogenous change, whether positive

3 See Taplin (1982) for theory.
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Induced Traffic

Partial and General
Equilibrium Demand
Curves

or negative. Increased congestion or higher tolls, other things being equal, will cause a
reduction in volumes. If this occurs in the short run, this is (negative) induced traffic.

Some of the possible sources of induced traffic are:

Diverted traffic that changes its route onto the improved facility.

Rescheduled traffic that previously used the facility at a different time (spreading or
contracting the peak).

Shifts from other modes -- which may or may not have used the facility before --
including changes in occupancy.

Destination shifts resulting from the improvement of the facility.
Additional travel by persons already using, or in the market for, the facility.

Demand forecasts for a new or improved facility always include at least some of these
sources, although such estimates seldom explicitly recognize a generalized price as the
explanatory variable and do not produce a schedule of price-volume combinations.

All demand curves portrayed in this analysis are assumed to be general equilibrium
demand curves, even those for the short run. Thus they include traffic shifted to or from
other modes or from alternative facilities. A partial equilibrium demand curve, as repre-

\
generalized \\
price \
\\ partial equilibrium demand curve
S
\
\
Po "/
’aY, general equilibrium demand curve
consumer
surplus
@2
pl Q \ Q
\
D
partial Dgeneral
do d1 dz trip volume
old within-market diverted
trips Lnew trips trips y

induced trips

FIGURE B-2. Partial and general equilibrium demand curves.
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sented in Figure B-2, includes only the travel for those already in the market, whether
they are currently taking trips or not (e.g., a person who did not travel at all in this corri-
dor but who chose to do so after the price was reduced, and not by shifting a trip from
another time or place). If the demand curve includes diverted travelers (from other
modes, routes, times, or destinations), then it will be more elastic than the correspond-
ing partial demand curve because more options are offered. Thus some of the (short run)
induced travel comes from new trips by persons already in the market, and some comes
from trips diverted from other markets.

For every point on the general equilibrium demand curve there is a corresponding par-
tial demand curve, representing the (hypothetical) demand that would occur if there
were no substitution between markets. If the price were raised, for example, from a
point on the general equilibrium demand curve, a movement up the partial demand
curve would imply that the travelers could not divert to another time or facility. Not sur-
prisingly, such a demand curve cannot be observed in practice.

Because demand forecasts usually include diverted trips, practical demand forecasts are
aimed implicitly at constructing (or locating points on) a general equilibrium demand
curve. If the demand is for a single facility, then induced traffic will appear large relative

to previous volumes, because most of the change in trips will be diversions. At the
regional level, induced traffic -- if it were actually estimated -- would be a smaller share
of total traffic growth because only trips diverted from other regions, plus substitutions
between transportation and other goods, make up the induced share. For project evalua-
tion, diverted travel and other components of induced demand as measured in consumer
surplus represent the net valuation of systemwide impacts.

In Figure B-2, all of the movement along the general equilibrium demand curve stif@ross” versus “Net”
lated by the reduction in price fropg to p, is labeled “induced trips.” A portion of this Induced Traffic
induced traffic is labeled “diverted trips.” If the diverted trips are removed from the total

“gross” induced traffic, the residual might be called “net” induced traffic. Some analysts

prefer that the term induced be restricted to nmegtinduced trips, and the others be

left as diverted trip$.

For some purposes, this usage has an appeal, but the distinction is a difficult one to
make. A trip between the same origin and destination but using a different route is
clearly a diverted trip, but trips at other times, or to other destinations are less obvious. If
the improved facility prompts me to go to a movie instead of renting a video, and the
video store is much closer, is this induced or diverted? Suppose | would have walked to
the video store? Suppose | would have had the video delivered, and the van would have
used the same facility before it was improved? What can be observed directly is that
more vehicles use the facility after it is improved, and that trips in the region do not go
up by as large an amount as the volume on the improved facility. Labeling which partic-
ular travel is “new” and which is “diverted,” however, is difficult and probably not nec-
essary.

4 Examples include Dowling (1994) and SACTRA (1994).
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Schedule Delay and As noted above, changes in the generalized price may lead to changes in schedule. Peak

Peak Shifting congestion may be at least partially avoided by leaving earlier or later than preferred. A
reduction in peak travel time will cause some travelers to join the peak because the cost
to them of schedule delay (departing at a different time than preferred) is less then the
new peak deIa?.Thus induced traffic may be diverted from other times as well as other
routes.

If the demand curve represents both peak and off-peak, then the elasticity will be lower
than if peak is separated from off-peak. Because the two periods are so closely interre-
lated (off-peak demand depends upon peak price, and vice versa), separating them for
benefit-cost purposes can be tricky, but that is one way to include benefits from reducing
schedule delay.

Induced Demand

For purposes of evaluating costs and benefits, the overall analysis period for a project
(generally the project lifetime, e.g., twenty years) is broken into a series of discrete time
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FIGURE B-3. Alternative long run travel forecasts

5 See Small (1992).
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periods, during each of which the demand curve is assumed to be fixed. A baseline long
range forecast is used to establish the short run demand curve for each period.

A demand forecast is a functional relationship between time and traffic volume, as&mseline Demand
ing a set of conditionsExogenousconditions include population growth, economi¢orecast

growth, land use patterns, and available substitute transportation alterriatidege-

nousconditions include capacity, level of service (LOS), and user fees. For the present

analysis, all endogenous factors are represented in the generalized price. Capacity and

LOS, for example, would both be subsumed under travel time cost, and included in the

generalized price.

The baseline long run demand forecast assumes a generalized price, as well as whatever
exogenous factors are thought to be relevant by the forecaster. Alternative forecasts
under different assumptions might be constructed, as shown in Figure B-3. One such
forecast is selected for constructing the short run demand curves.

The distinction between long run induced demand and short run induced travel is irBrkeaking the Forecast
mented by constructing a short-run demand curve for each of the shorter demandmeriDiscrete Periods
ods (e.g. 1-5 years), and allowing the initial curve to shift depending upon previous

improvements. The forecast becomes a series of discrete points, shown circled in Figure

B-4, that provide the calibration points for the associated short run demand curves. The

generalized
price

Ppaseline bp-------———-—-

D3

vehicle volume
qforecast,l qforecast,z qforecast,3

FIGURE B-4. Baseline demand forecast for several periods

short run demand curve can be a straight line calibrated with an elasticity, or a constant
elasticity demand curve, or some other functional form that can be fitted to a single

price-quantity combination. The elasticity chosen should be appropriate to the length of

the demand period.
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Induced Demand

Long Run Shifts in the
Demand Curve

A single fitted short run demand curve is shown in Figure B-5, along with other relevant
prices and volumes. The price from the previous pegjggl 1.1 is adjusted to account

for traffic growth, pavement wear, accident rates, and user fee changes that have
occurred since the previous period. The resufiyi$improvementAlternative improve-
ments for the current period are evaluated, and, if any are feasible, the best is imple-
mented. This results in thBnpovedPrice, which becomes the initial price for the next
demand period. If no improvement is selected, the unimproved price carries into the
next period.

generalized
price

Pro improvement

Pfinal t-1

Phaseline

pimproved

Uno improvement,t qinitial,t qimproved,t traffic volume
qforecast,t

FIGURE B-5. Short run demand showing prices with and without improvements.

Evolution of demand in the long run is built upon what takes place in the short run.
Operationally, inducedemandis defined to be the shift in the short run demand curve
caused by the price in the previous period. If the price in all previous periods is the same
as the baseline price, then the demand curve is fitted to the baseline forecast for that
period. If an improvement is made in one period that reduces the price below the base-
line price, this leads to a shifting of the demand curve outward, according to the percent
by which the price in the previous period is below the baseline price. If no improvement

is made, the price increases relative to the baseline forecast price, and the demand curve
shifts inward in the next period. These two possibilities are shown in Figure B-6. For
example, a price gfng improvementVill shift the subsequent demand curve inward from

Qforecastby a percentage equal (pbaseline_ Pno improvemenl X € Rs

6 Currently, the demand period or “funding period” in HERS is five years, so the short run elasticity should be
selected to allow for adjustments that can be expected to take place within that span of time.
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The relationship between the difference in price between the final (improved or not
improved) price and the baseline price, for one period, and the horizontal shift in the
demand curve in the next period, is governed by the long run ghageas described
above’ There is no long run demand curve as such, but the shift attributed to induced
demand is a displacement of the short run demand calibration point along the baseline
price line.

price,
cost

baseline forecast

Pno improvement Q

baseline |- N L N - N
price

pimproved

vehicle volume

Ono improvement,t . qimproved,t Oforecast

initial
volume

FIGURE B-6. Long run induced demand shift from one period to the next.

Incorporating induced demand, then, allows each period's demand curve to be a function
of the previous period's investment (as it affects price to the user). Investment that keeps
the price in each period below the baseline price for the baseline forecast produces
demand curves that shift outward farther and farther, compared to the baseline forecast.
Similarly, if improvements are not made and price is allowed to rise in each period (due
to congestion, pavement roughness, and accidents), the demand curve will be continu-
ally shifted inward relative to the baseline.

The magnitude of this shifting -- the sensitivity of long run demand to investment and
pricing -- is determined by the rg parameter. The shorter the time period for the short
run, the lower should be the long run elasticity shift from period to period. If the long
run induced demand parameter is zero, the location of each short run demand curve
would be determined by the baseline forecast, without regard for which, if any, improve-
ments were made in any demand period. Short run movements along the demand curve
could still occur, depending upon the short run price elasticity, but there would be no
cumulative endogenous effects from one period to the next. Alternatively, with a high

7 See “Disaggregation of Long Run Elasticity” on page B-4.
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Induced Demand

Getting to the Long
Run

€ rs induced demand could alter the baseline forecast, even to the point of potentially
offsetting the trend of the initial forecast, such leading to growth in demand (from keep-
ing the price low) despite a declining forecast, or causing a decline in demand despite a
growth forecast (traffic is deterred by congestion and bad pavement, as a consequence of
no improvements).

Empirical estimates of the two elasticities depend upon the length of the short-run time
period and the rate of adjustment to changes in price. The length of time between a
change in conditions and a new equilibrium is somewhat arbitrary because other condi-
tions change before equilibrium is reached, but the process is one of accelerating initial
response followed by gradual refinement. In the context of highway volume adjustments
in response to changes in the generalized price of travel, the short run is up to a year.
The long run -- allowing for changes in residence and workplace locations -- begins
within a year but may not run its course for upwards of twenty years. Such changes are
not likely to be motivated solely by changes in transportation prices, but may take trans-
portation user costs into account when the change is made for other reasons (new job,
change in income, change in family).

full
equilibrium

80% adjustment /

50% adjustment

short  25% of 50% of long
run  long run long run run
Time

FIGURE B-7. Path to long run equilibrium.

An approximate adjustment curve is shown in Figure B-7. Although the curve is not fit-
ted to specific data, it reflects the generally observed pattern that roughly half the adjust-
ments take place within about a quarter of the time to long run equiliriithe full

long run adjustment period is 10-20 years, then half the long run elasticity occurs within
the first 2.5 to 5 years. There might be some accelerating adjustment in the first year, as

8 Hansen, et al. (1993) study the time lag in response to highway capacity increases; Cairns, et al. (1998)
study responses to reductions in capacity.
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shown, based on the idea that responses don’t occur until consumers become sure the
price change will stick, or begin feeling its effects.

Many studies have estimated travel demand elasticities, but one of the difficultidsmpirical Estimates of
interpreting these results is the uncertainty of the time frame that is applicable t&Hwrt and Long Run
data. Another confounding problem is the ambiguity of the base of the observed elgsgtigticities

ity; because most of the empirical cases observe a change in a small component of the

total price of travel, the base for computing the percentage change in price is often not

obvious and may not be given explicit treatment. The potential differences are large,

e.g., a factor of three or mote.

The parameter sought is the elasticity of vehicle travel with respect to its own price,
including user fees, operating costs, and travel time. Studies undertaken to date suggest
that short run elasticities tend to fall in a -0.5 to -1.0 range, and long run elasticities from
-1.0 to -2.0; a within-period short run elasticity for a 5-year period would thus be -0.6 to
-1.0 and the between-period elasticity from -1.0 to -1.6, yielding ag of about -0.4

to -1.0.

Two aspects of the demand forecast are of particular interest. One is how to implngéeapreting Demand
presumed price to the baseline forecast. The second is whether long run feedbderetasts
transportation investments on the demand curve has been incorporated into the forecast.

(1) Baseline Price. Although the generalized price behind a demand forecast is
seldom made explicit, such attributes as LOS and accident rates may be, and
others can be guessed. Pavement quality is probably assumed to be good, and
operating costs are typical for the conditions (terrain, vehicle type, conges-
tion). As a default, the current LOS can be assumed.

(2 Long Run Demand Feedback. Constructing or expanding a facility stimulate
or permit some additional travel in the long run even if the price is unchanged
from the baseline. Hence, the baseline forecast should include growth in
travel that will result from traffic-generating activities that choose to locate in
such a way as to take advantage of the services provided by the facility, at the
baseline price. The long run elasticity amplifies this effect up or down, but
does not substitute for it.

If forecasts are based on historical patterns over a time horizon of half a dozen years or
more, then the feedback effect is implicitly built in. Whether it needs to be made explicit
or refined is an open question, but the impacts of errors in out-year forecasts are sup-
pressed somewhat by discounting.

9 The empirical evidence and methods for estimating highway travel demand elasticities are covered in
Appendix C.
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Summary

Some of the ambiguity and confusion that surrounds the discussion of induced demand
might be dispelled by applying the following definitions and principles:

(1) The terminducedmeans a movement along a travel demand curve as a result
of changes irendogenougactors, which can be represented as components
(time, running cost, money) of a generalized price.

(2) The measurement of induced travel is dependent upomahieetfor which
the demand curve is defined; induced travel defined at the facility level will
include traffic diverted from parallel routes, while induced travel at the
regional level will include only trips that are new to the region.

(3) A useful distinction can be made between short run demand and long run
demand: movements along tekort run demand curve amount iteduced
traffic, whereas movement along the long run demand curve constitutes a
shiftin the short run demand and can be calheldiced demand

(4) Benefit-cost evaluation of projects requires that baseline demand forecasts be
adjusted to take into account induced demand, both short and long run; this is
simply to say that improvements that change user costs should be evaluated
in the light of whatever changes in volume will actually occur. Such demand
curves are referred to as general equilibrium demand curves.

(5) If the short run elasticity is zero, then traffic volumes are unresponsive to
changes in price within a single demand period, and the demand curve is ver-
tical. If the long run share (i.e., excluding short run effects) elasticity is zero,
then there are no long run effects (e.g., no investment in highway-related
facilities or land use changes) stimulated by highway pricing and investment
policies. Empirically, neither of these conditions seems to apply.
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