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Abstract

There are 15,240 possible definitions of induced demand. No wonder it's confusing. It's 30
years since the term was introduced to the transport planning profession, and we’ve been
grappling with it ever since. To mark the occasion, this paper explores the confusion
surrounding induced demand, proposes 6 multiple choice questions that can help to hone your
definition and challenges the widely held belief that it's bad. Happy birthday induced demand!

1 Introduction

In 1994 the term ‘induced demand’ entered the transport planning profession nomenclature’.
Thirty years on and there appears to be continued confusion over what it is and the extent to
which it is considered (or ignored) in our assessment of transport projects.

Let’'s go back to basics and define the words “induced” and “demand” separately in plain
English:

¢ Induced = brought about, caused or stimulated by a particular action or set of
conditions

¢ Demand = the desire for goods or services

Putting these two definitions together we get:

e Induced demand = the desire for goods or services brought about, caused or
stimulated by a particular action or set of conditions

Now, let’s simplify it further and tailor it to the transport planning profession:
¢ Induced demand = more people travelling in response to transport investment

Simple, right? So, where’s the confusion?

Unfortunately, the definition above, derived from plain English, is too vague and can mean
different things to different people. This is where the confusion (and arguments) stem.

This paper poses 6 simple multiple-choice questions to unpack the confusion surrounding
induced demand. The reader is invited to play along, to answer the questions honestly based
on their own perception of what they believe induced demand to be.

Along the way, the paper stumbles upon the prospect that induced demand might be good.

The paper concludes by defining induced demand once more.

T UK Department of Transport Standing Advisory Committee on Trunk Road Assessment (SACTRA)
(1994) Trunk Roads and the Generation of Traffic
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2 How do YOU define induced demand?

Please answer these questions honestly before reading Section 3.

Table 1: How do YOU define induced demand?
Q1. Mode? (tick one)

Motor vehicle (traffic)

Public transport

Bike

Walk

All modes

Q2. Time period? (tick one)
Peak

All day

Q3. Source? (tick all that apply)
Change route

Switch mode

Departure time

Vehicle occupancy

Different destination

New development

Entirely new trip

Q4. Subject? (tick one)
Vehicles

Persons

Q5. Metric? (tick one)

Trips

Distance

Time

Q6. Spatial extent? (tick one)
Local

City-wide

Most terms will be familiar, but for clarity please note:

o ‘Different destination’ — refers to travelling (further) to a new destination in response
to the improved accessibility afforded by the new transport project, such as taking a
new job further afield that was previously unappealing (i.e. trip redistribution)

¢ ‘New development’ — could refer to developments that are independent of any
transport project or new developments triggered by the improved accessibility
afforded by the new transport project (i.e. land-use and transport interaction)

o ‘Entirely new trip’ — this demand response is in addition to all the others, and could
refer to familiar trips (e.g. visiting family) that are now undertaken more often or trips
that were previously inconceivable or unappealing
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There are 15,240 combinations of how the questions in Table 1 can be answered. It follows
therefore that there are 15,240 possible definitions of induced demand. And therein lies the
confusion.

Table 2: 15,240 possible definitions of induced demand

Question Method of response | Options | Combinations
1. Mode? Tick one 5 5

2. Time period? Tick one 2 2

3. Source? Tick all that apply 7 127

4. Subject? Tick one 2 2

5. Metric? Tick one 3 3

6. Spatial extent? Tick one 2 2

Different ways to define induced demand: 15,240

3 Let’s explore the possible answers

3.1 Q1. Mode?
Table 3: Question 1
Q1. Mode? (tick one)
Motor vehicle (traffic)
Public transport

Bike

Walk

All modes

This question could be answered in many ways:

e For induced demand purists, the answer is “all modes”. For them, switching between
modes is a mode shift response, not induced demand.

e The popular answer (not necessarily within our profession, but certainly in the media)
is “motor vehicle”, or more pointedly traffic.

e If we allow “motor vehicle” as a response, then logically we must also allow other
individual modes — public transport, bike or walk.

Let’s explore this further through some examples.

Example 1 — new road bridge

Suppose a new road bridge is built over a river to connect two communities. Depending on
its design, the bridge could carry cars, trucks, buses, trains, bicycles and/or pedestrians.
The Sydney Harbour Bridge carries all these modes, for example. It follows therefore that a
new bridge can (depending on their design) induce demand by any mode.

Example 2 — new development

Suppose a major new transport project is built, which triggers new developments in its
vicinity to take advantage of the improved accessibility afforded. If that transport project was
a motorway (e.g. M7 in Sydney), the induced demand is likely to be motor vehicles (cars and
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trucks) to the new warehousing that sprouts. However, if that transport project was a new
rail line (e.g. Sydney Metro Northwest) the induced demand is likely to be public transport
patronage primarily, as well as walking and cycling by virtue of the higher density land-use,
and to a lesser extent some localised traffic (e.g. pick-up/drop-off).

Example 3 — new bike path

Suppose a general traffic lane is repurposed to form a two-way separated bike path (e.qg.
Kent Street in Sydney CBD). In this instance, the bike path has most certainly induced cycle
demand, and at the same time the removal of a general traffic lane may have also
suppressed car demand.

The examples above serve to illustrate that induced demand may refer to any mode.
However, it's the author’s view that the transport planning profession predominantly views
induced demand as a traffic phenomenon, with the terms “induced demand” and “induced
traffic” often used interchangeably in conversation.

Induced demand is not exclusive to road projects, nor is it exclusive to traffic, so we
shouldn’t conflate the issue of induced demand with a loathing of cars and their negative
externalities. If a bike path induced more cycling, would that be considered bad? Unlikely.

Induced demand is neither good nor bad. It is merely a rational response to lowering the
disutility of travel?.

3.2 Q2. Time period?
Table 4: Question 2

Q2. Time period? (tick one)
Peak

All day

The SACTRA report conceptualised induced demand as an “all day” phenomenon. However,
we must acknowledge that traffic congestion (and indeed crowding on public transport) is
only really an issue for people in peak periods, and therefore the “peak” tends to be the more
relatable timeframe.

At this point we need to introduce the concept of additionality. If a road is widened to
relieve congestion, and the same motorist now travels in the peak (8-9am) rather than the
shoulder peak (7-8am), have we induced a new trip? The answer clearly is “no” for those
people who believe induced demand is a daily phenomenon but “yes” if the peak hour is
your frame of reference, even if the motorist departed at 8:01am instead of 7:59am.

The picture gets more confused when we combine the issue of mode (Q1) and time period
(Q2) to form 4 possible starting perspectives, as shown by the following 2x2 matrix.

2 Disutility is a fundamental concept of demand modelling. It is generally considered to mean travel
time, but more broadly may include other aspects such as out of pocket costs, the perception towards
congested or crowded travel time, or the perceived safety of (say) a busy road versus a bike path.
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Table 5: Which box do you fall into when defining induced demand?

All day Peak only
All modes An entirely new trip — induced (Not really of interest)
demand in the purest sense of
the term
Single mode | An increase in daily vehicle Increased traffic congestion or public
kilometres travelled is a concern transport crowding — arguably of
for environmental reasons greatest concern to the public

People may unwittingly fall into one of these four boxes (perhaps unaware there were
multiple boxes to choose from). There’s not necessarily a right or wrong box, but it is
important to recognise there are different perspectives. This is perhaps the most
important message in this paper.

Confusion comes when people from different boxes talk with one another (particularly top left
versus bottom right), convinced that theirs is the only perspective that matters.

Can all 4 perspectives legitimately lay claim to the true meaning of ‘induced demand’? It
seems problematic. We’ll try to answer that in Section 4.

3.3 Q3. Source?

Table 6: Question 3

Q3. Source? (tick all that apply)
Change route

Switch mode

Departure time

Vehicle occupancy

Different destination

New development

Entirely new trip

There are 127 combinations of how this this question can be answered. Let’'s consider some
of the more likely combinations:

¢ All boxes — this might be a popular response, based on the most forgiving definition
of induced demand representing change

e Entirely new trip only — this is likely to be the response of induced demand purists,
who consider the other demand responses are accounted for separately
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o New development only — this is likely to appeal to people who believe strongly
about the interaction of land-use and transport?

o Switch mode, different destination and entirely new trip — these options together
align most closely to the issue of increased vehicle kilometres travelled

¢ Change route and departure time — likely to be the most immediate response of
motorists to a new road opening, and therefore of greatest relevance from a road
network operations perspective

¢ Switch mode only — the most relevant for public transport and cycling projects

At this point it is worth pausing to consider the magnitude of each demand response, and
whether it is typically modelled (noting there will always be exceptions to the rule).

Table 7: Typical demand response to a new road

Demand response Magnitude Typically modelled?

Change route High Yes

Switch mode Low Yes, in strategic models
Departure time High Yes, in operational traffic models
Vehicle occupancy Low Yes, in strategic models
Different destination Med Yes, in strategic models

New development Med Yes, in strategic models

Entirely new trip Low* Not typically

This table shows that most demand responses are typically modelled in some form, whether
in a strategic or operational model. The one demand response that is not typically modelled
is an entirely new trip, which could refer to (a) a familiar trip that is done more often or (b) a
new trip that is inconceivable without the project.

Entirely new trips are not typically modelled because the demand response is generally
considered to be low (though not always), and because it is undoubtedly the hardest to
forecast with any degree of confidence. This is best illustrated with an example.

Example — Narrabeen recreational trail

In 2015, Warringah Council (now part of the Northern Beaches Council) in Sydney,
completed the construction of 2km of boardwalks and bridges to form a continuous 8.5km
walking and cycling recreational loop around Narrabeen Lagoon (see Figure 1).

A before and after study® was done using passive infrared pyroelectric counters, visual
counts of gender and age, and intercept surveys to provide further granularity on trail use.

3 By way of an interesting historical footnote, it is worth noting that one of the 1994 SACTRA
committee members felt unable to sign the report because insufficient attention had been given to the
issue of land-use and transport interaction. Their objection letter was included in the report.

4 The SACTRA report considered induced traffic to be relevant in 3 circumstances: where the network
is operating or expected to operate close to capacity; where the elasticity of demand with respect to
travel cost is high; or where the scheme causes large changes in travel cost.

5 Grunseit et al (2019) Closing the loop: short term impacts on physical activity of the completion of a
loop trail in Sydney, Australia. https://doi.org/10.1186/s12966-019-0815-4
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Figure 1: Narrabeen recreational trail
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Key findings from a before and after study using passive infrared pyroelectric counters,

visual counts (of gender and age), and intercept surveys (to provide further granularity on
the trail use) were:

e 280% more cyclists and 340% more pedestrians at established sections
7% more children (vs adults) using the trail

48% of previous trail users reported doing more physical activity

52% of cyclists and 72% of pedestrians travel to the trail by car

From an induced demand perspective there are 3 things worth noting:

a) The demand response represents ‘entirely new trips’, which includes more frequent
use of existing sections and entire laps that were previously inconceivable to most®.

b) Circular trips around the lagoon could not have been forecast using a conventional
demand model’. It's 8.5km to walk or cycle around Narrabeen Lagoon on the
recreational trail and return to the same location. The shortest distance between the
same location in a conventional demand model is Okm.

c) The entirely new walking in cycling trips are invariably coupled with an entirely new
car trip by virtue of most people driving to the trail for recreation. This represents an
inconvenient truth that underscores the complexity of assessing induced demand.

6 A select few locals were known to complete a full lap by mountain biking on private land through
Cromer Golf Course and the adjacent archery range at the Sydney Academy of Sport and Recreation.

7 Supply represented by links and nodes, and demand held in a matrix of origins and destinations.
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3.4 Q4. Subject?
Table 8: Question 4

Q4. Subject? (tick one)
Vehicles

Persons

The choice of vehicles or persons as the subject of induced demand is somewhat influenced
by the response to Q1 on modes. If the response to Q1 was “motor vehicles” then it is likely
(though not necessary) the response to Q4 is vehicles, whereas if the response to Q1 was
anything other than “motor vehicles” the response to Q4 will surely be persons.

The SACTRA report framed the concept of induced demand around person-trips and offers
the following commentary and table.

“The initial matrix is taken for the purpose of our definition to be of persons-trips per day. If it
was of vehicle-trips per day, instead, some of the areas defined in the table would be
different. One of the obvious differences would be those trips that switched from other
modes. These are existing trips in a person-trip matrix but would be induced trips in a
vehicle-trip matrix. Thus, in defining the terms we need for this Report, great care must be
taken in defining the context within which each is set.” SACTRA (1994)

Table 9: Original SACTRA definitions of existing and induced traffic and trips

Given destinations Change to
Given Change of Change in Switch from Decrease in | increase in rmore remote
route, rote timing other modes vehicle- trip frequency | destinations
timing, poougancy
vehicle-
OCCLpary,
mode and
frequency AN else givend | (Al else givend | (AN else givent | (ANl else givend | A else given) | (AN else given)
Civien EXISTING
origing EXISTING TRIPS P TRIPS
Existing
- - traffic
Existing Traffic {egquival ent
. vehiche-kms)
+
Induced :
Traific Induced Traffic induced
. traffic
L5 nowl (Re-assigned! | (Rescheduled) | (Transferred) {ewira
vehicle-kms)
Change to IMDUCED DEVELOPMEMT]
MO FEmotes TRIPS - RELATED
origing EXISTING TRIPFPS INDUCED
TRIFS
Existimg Traffic (equivalent vehkms) pr— Indoeed
+ | + | -+ | + e Trafiic Trafiic
Iinduced Traffic (extra veh-kms)

Source: SACTRA (1994), Figure 3.1
Note: person-trips per day
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3.5 Q5. Metric?
Table 10: Question 5
Q5. Metric? (tick one)
Trips

Distance

Time

If the response to Q4 was “vehicles” then the metrics above would be transformed to
vehicle-trips, vehicle-kilometres travelled and vehicle-hours travelled. Whereas, if the
response to Q4 was “persons” then the metrics become person-trips, person-kilometres
travelled and person-hours travelled. This is an example of where the complexity of induced
demand expands as more concepts are layered on top of one another.

“Trips” is the most obvious metric, but the other two have merit also:
o Trips — the most easily understood metric

¢ Distance — trips do not capture the impact of the trip redistribution demand response
(e.g. same motorist travelling to a new job further afield); in this instance distance is
needed

e Time — perhaps the least obvious metric, but arguably the most important with
respect to the evaluation of bike paths and associated health benefits of extra hours
cycled

A further reason to consider all three metrics is that they may not always move in unison.
Consider a business that relocates to new warehousing that has sprung up adjacent to a
new road. It's not inconceivable (at a city-wide level) for the same number of trips to be
made, with more VKT but less VHT. (Other permutations could also be conceived.)

While all three metrics could be readily extracted from a demand model, they would be
difficult to measure on the ground. For instance, it is not possible to ascertain from an
isolated traffic count the effect of trip generation, distribution, mode shift or other.

3.6 Q6. Spatial extent?
Table 11: Question 6

Q6. Spatial extent? (tick one)
Local

City-wide

Lastly is the issue of spatial extent.

Local impacts will most likely be of greatest concern to the general public, whereas city-wide
metrics are probably of greater concern to city planners who need to consider the broader
net impact of multiple major projects and policies.

Local and city-wide impacts therefore both matter, but in the context of this paper it's a
question of whether the impact at both spatial extents should be labelled ‘induced demand’.
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4 So, whatis induced demand?

At one end of the spectrum is the allure of a simple plain English definition: “more people
travelling in response to transport investment”. This definition will forever remain,
whether stated or implied.

And at the other end of the spectrum is the possibility there might be 15,240 different ways
of defining induced demand from a technical perspective, depending on your response to
the 6 short questions posed in this paper.

We’d of course all like to have a single definition that we can all rally around, but
unfortunately that ship appears to have sailed.

Outlined below is perhaps our second-best option, where we supplement the words “induced
demand” with the words “pure” or “quasi”®, as follows:

1. Pure induced demand — entirely new daily trips (in addition to all the other demand
responses)

where:
o trips = total trips by all modes, city-wide

2. Quasi induced demand — additional [insert mode] [insert spatial extent] [insert time
period] due to [insert demand response(s)]

where:

¢ mode = all modes, traffic, public transport, cycling or pedestrians
e spatial extent = local or city-wide

o time period = peak or daily

e demand response(s) (select all that apply) = change route, switch mode,
departure time, vehicle occupancy, different destination, new development and/or
entirely new trip

In both instances the primary measure should be trips, noting that distance and time are
also important in some contexts. For example, distance is a better metric than trips for
measuring vehicle emissions, and time is a better measure than trips for measuring the
health benefits of cycling.

Granted, the quasi induced demand definition is somewhat clunky, but it at least helps
differentiate from the pure definition, and it affords us the opportunity to be more specific,
which ultimately should reduce confusion.

Table 12 uses the 6-question checklist to define pure induced demand and three alternative
definitions of quasi induced demand.

8 quasi. /'kwazi/ (say 'kwahzee), /'kweiza1/ (say 'kwayzuy) adjective 1. resembling; as it were. —
adverb 2. seemingly, but not actually. [Middle English, from Latin]. (Source: Macquarie Dictionary)

10
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Pure
induced
demand

Quasi
induced
demand

(a)

Quasi
induced
demand

(b)

Quasi
induced
demand

(c)

Q1. Mode? (tick one)

Motor vehicle (traffic)

Public transport

Bike

Walk

All modes

Q2. Time period? (tick one)

Peak

All day

Q3. Source? (tick all that apply)

Change route

C\

Switch mode

<\

Departure time

Vehicle occupancy

Different destination

New development

Entirely new trip

AN ERNER N NERN

NIENIENEN

Q4. Subject? (tick one)

Vehicles

<

<\

Persons

Q5. Metric? (tick one)

Trips

Distance

Time

Q6. Spatial extent? (tick one)

Local

City-wide

v

Note:

e Pure induced demand: entirely new daily trips

e Quasi induced demand (a): additional traffic in the local area during the peak period

due to all possible demand responses

¢ Quasi induced demand (b): additional traffic city-wide throughout the day due to
various demand responses (excluding departure time)

¢ Quasi induced demand (c): additional cycling demand in the local area throughout the

day due to switching mode and entirely new trips

e Many other quasi induced demand definitions are feasible

11
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