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ABSTRACT

Transportation engineers and urban planners often
report uncertain estimates as precise numbers, and
unwarranted trust in the accuracy of these precise
numbers can lead to bad transportation and land-
use policies. This paper presents data on parking
and trip generation rates to illustrate the misuse of
precise numbers to report statistically insignificant
estimates. Beyond the problem of statistical insignif-
icance, parking and trip generation rates typically
report the parking demand and vehicle trips
observed at suburban sites with ample free parking
and no public transit. When decisionmakers use
these parking and trip generation rates for city plan-
ning, they create a city where everyone drives to
their destinations and parks free when they get
there.

Beware of certainty where none exists.
DANIEL PATRICK MOYNIHAN

INTRODUCTION

How far is it from San Diego to San Francisco? An
estimate of 632.125 miles is precise but not accu-
rate. An estimate of somewhere between 400 and
500 miles is less precise but more accurate, because
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the correct answer is 460 miles.! Nevertheless, if
you did not know the distance from San Diego to
San Francisco, whom would you believe: someone
who confidently says 632.125 miles or someone
who tentatively says somewhere between 400 and
500 miles? You would probably believe the one
who says 632.125 miles, because precision creates
the impression of accuracy.

Although reporting estimates with extreme preci-
sion suggests confidence in their accuracy, transpor-
tation engineers and urban planners often use
precise numbers to report uncertain estimates. As
examples of this practice, I will use two manuals
published by the Institute of Transportation Engi-
neers (ITE): Parking Generation (ITE 1987a) and
Trip Generation (ITE 1987b, 1991, 1997). These
manuals have enormous practical consequences for
transportation and land use. Urban planners rely on
parking generation rates to establish off-street park-
ing requirements, and transportation planners rely
on trip generation rates to predict the traffic impacts
of development proposals. Yet a close look at the
parking and trip generation data shows that placing
unwarranted trust in these precise but uncertain
estimates of travel behavior leads to bad transporta-
tion and land-use policies.

TRIP GENERATION

Trip Generation reports the number of vehicle
trips as a function of land use. Transportation
engineers survey the number of vehicle trips to and
from a variety of locations, and for each land use
the ITE reports a trip generation rate that relates
the number of vehicle trips to a characteristic of
the land use, such as the floor area or number of
employees at a site. The sixth (and most recent)
edition of Trip Generation (ITE 1997, vol. 3, pp.
ix and 1) describes the data used to estimate trip
generation rates as follows:

This document is based on more than 3,750 trip

generation studies submitted to the Institute by

public agencies, developers, consulting firms,
and associations. . . . Data were primarily col-

' The airline distance between San Diego and San Fran-
cisco is calculated from the latitudes and longitudes of the
two cities. See “How far is it?” at http://www.indo.com/
distance/. “Accurate” implies fidelity to fact and freedom
from error, while “precise” implies exactness.

lected at suburban localities with little or no
transit service, nearby pedestrian amenities, or
travel demand management programs.

ITE says nothing about the price of parking at the
study sites, but since parking is free for 99% of
vehicle trips in the United States, most of the study
sites probably offer free parking.” Trip Generation
uses these 3,750 studies to estimate 1,515 trip gen-
eration rates, one for each type of land use. Half the
1,515 reported trip generation rates are based on
five or fewer studies, and 23% are based on a single
study.’ The trip generation rates thus typically mea-
sure the number of vehicle trips observed at a few
suburban sites with free parking but little or no pub-
lic transit service, pedestrian amenities, or travel
demand management (TDM) programs. Urban
planners who rely on these trip generation rates as
guides to design the transportation system are there-
fore planning an automobile-dependent city.

Figure 1 shows a typical page from the fourth
edition of Trip Generation (ITE 1987b).* It reports
the number of vehicle trips to and from fast food
restaurants on a weekday. Each point in the figure
represents one of the eight studies and shows the
number of vehicle trips per day and the floor area at
a restaurant. Dividing the number of vehicle trips by
the floor area at that restaurant gives the trip genera-
tion rate at that restaurant. A glance at the figure
suggests that vehicle trips are unrelated to floor area
in this sample. The extremely low R* of 0.069 for
the fitted curve (regression) equation confirms this

2 The U.S. Department of Transportation’s 1990 Nation-
wide Personal Transportation Survey (NPTS) asked
respondents, “Did you pay for parking during any part of
this trip?” for all automobile trips made on the previous
day. Of the responses to this question, 99% were “no.”
The NPTS asked the “did you pay for parking” question
for all vehicle trips except trips that ended at the respon-
dents’ homes, thus free parking at home does not explain
this high percentage.

3 This refers to the sixth edition of Trip Generation (ITE
1997). The ITE Trip Generation Handbook (ITE 2001, p.
10) notes that the warning “Caution—Use Carefully—
Small Sample Size” is placed on each trip generation
report if the sample includes five or fewer sites. At most
sites, vehicle trips are observed during the course of only
one day.

* The fourth edition (ITE 1987b) is shown because this is
the date of the most recent edition of Parking Generation,
to which Trip Generation will be compared. Vehicle trips
were surveyed at McDonald’s, Dunkin Donuts, Burger
Chef, and similar fast food restaurants.
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FIGURE 1 Fast Food Restaurant with Drive-Through Window

(Land Use 834)

Average Vehicle Trip Ends vs: 1,000 Square Feet

Gross Floor Area
On a: weekday

TRIP GENERATION RATES

Average Weekday Vehicle Trip Ends per 1,000 Square Feet Gross Floor Area
Average Range of Standard Number of Average 1,000
Trip Rate Rates Deviation Studies Square Feet GFA
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Institute of Transportation Engineers, Trip Generation, 4" edition (Washington,

DC: 1987), p. 1,199.

impression.” Nevertheless, ITE reports the sample’s
average trip generation rate—which urban planners
normally interpret as the significant relationship
between floor area and vehicle trips—as precisely
632.125 trips per day per 1,000 square feet of floor
area. The trip generation rate looks accurate
because it is so precise, but the precision is mislead-

> “The coefficient of determination [R?] is defined as the
percent of the variance in the number of trips associated
with the variance in the size of the independent variable”
(ITE 1997, vol. 3, p. 19). An R* of zero shows complete
lack of correlation between the two variables, and one
would expect some correlation in a sample by chance. The
significance test for the regression equation shows there is
a 53% chance of getting an R* of 0.069 or higher even if
there were no relationship between floor area and vehicle
trips.

ing. Few transportation or land-use decisions would
be changed if the ITE reported the trip generation
rate as 632 rather than 632.125 trips per 1,000
square feet, so the three-decimal-point precision
serves no purpose other than to give the impression
of accuracy.

The equation at the bottom of figure 1 suggests
that a fast food restaurant generates 1,168 trips (the
intercept) plus 242.75 trips per 1,000 square feet of
floor area (the coefficient), but the 95% confidence
interval around the floor area coefficient ranges
from —650 to +1,141 trips per 1,000 square feet.”
Since this confidence interval contains zero, the data

¢ ITE (1987b, p. 9) divides the sum of all vehicle trips by
the sum of all floor areas to calculate the weighted aver-
age trip generation rate.
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do not show that vehicle trips are related to floor
area. Reporting the average trip generation rate
implies that larger restaurants generate more vehicle
trips, but the figure shows that the smallest restau-
rant generated the most trips, and a mid-sized res-
taurant generated the fewest. The data plot contains
the warning “Caution—Use Carefully—Low R*”
which is good advice, but how can we carefully use
a trip generation rate derived from data that show
no relationship between vehicle trips and floor area?
Despite its precision, the average trip generation
rate (623.125 vehicle trips per day per 1,000 square
feet) is far too uncertain to use for transportation
planning.

PARKING GENERATION

Parking generation rates, which report peak park-
ing occupancy as a function of land use, suffer
from similar uncertainty. ITE’s second, and most

(ITE
1987a, p. vii-xv*) describes the data used to esti-

recent, edition of Parking Generation

mate parking generation rates.

A vast majority of the data . . . is derived from

suburban developments with little or no signifi-

cant transit ridership. . . . The ideal site for

obtaining reliable parking generation data

would . . . contain ample, convenient parking

facilities for the exclusive use of the traffic gen-

erated by the site. . . . The objective of the survey

is to count the number of vehicles parked at the

time of peak parking demand.
Half the 101 parking generation rates are based on
4 or fewer studies, and 22% are based on 1 study.
The parking generation rates thus typically measure
the peak parking demand observed at a few subur-
ban sites with ample free parking but little or no
transit ridership. Urban planners who use these
parking generation rates to set minimum parking
requirements therefore shape a city where everyone
will drive wherever they go and park free when they
get there.

Figure 2 shows the page for fast food restaurants

from the most recent edition of Parking Generation

7 The confidence interval around the coefficient of floor
area was calculated by re-estimating the regression equa-
tion from the eight observations in the data plot.

¥ ITE expects to publish a new edition of Parking Genera-
tion in 2003.
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(ITE 1987a). Each point in the plot represents one
study (based on the observations at one site on one
day). For example, if parking occupancy was
observed at one restaurant for five days, this was
counted as five studies.” Dividing the peak parking
occupancy observed in a study by the floor area at
the restaurant gives the parking generation rate for
the study. The parking generation rates in the 18
studies range between 3.55 and 15.92 spaces per
1,000 square feet of leasable floor area. The largest
restaurant in the sample generated one of the lowest
peak parking occupancies, while a mid-sized restau-
rant generated the highest. The R of 0.038 for the
equation at the bottom of the figure confirms the
visual impression that parking demand is unrelated
to floor area in this sample. Nevertheless, ITE
reports the average parking generation rate for a
fast food restaurant as precisely 9.95 parking spaces
per 1,000 square feet of floor area.'

Again, the precision is misleading. The fitted
curve equation at the bottom of figure 2 suggests
that a fast food restaurant generates a peak parking
demand of 20 spaces plus 1.95 spaces per 1,000
square feet of floor area, but the 95% confidence
interval around the floor area coefficient ranges
from =3 to +7 spaces per 1,000 square feet. Since
this confidence interval contains zero, the data do

? It appears that eight restaurants were observed for one
day, one restaurant was observed for two days, and two
restaurants were observed for four days. We are not told
the hour(s), the weekday, or the month when parking
occupancy was observed. The 18 studies of parking occu-
pancy at fast food restaurants are an unusually large sam-
ple. In contrast, consider the report on Technical Colleges
(Land Use 541). Parking occupancy was observed for one
hour on one day at one site, and on this basis the parking
generation rate for a technical college is reported as 0.82
parking spaces per student (ITE 1987a, p. 88). Parking
occupancy was observed for only one or two hours for
many of the studies in Parking Generation. Because only
the peak occupancy at a site is needed to calculate a park-
ing generation rate, the observer’s main concern is to
report the peak number of cars parked during the hour(s)
of expected peak demand.

'% The significance test for the regression equation shows
there is a 42% chance of getting an R* of 0.038 or higher
even if there were no relationship between floor area and
parking occupancy. ITE (1987a, p. viii) divides the sum of
all parking generation rates by the number of studies to
calculate the unweighted average parking generation rate.

V6/N1 2003



FIGURE 2 Fast Food Restaurant with Drive-In Window

(Land Use 836)

Peak Parking Spaces Occupied vs:
1,000 Gross Square Feet Leasable Area

On a: weekday

PARKING GENERATION RATES
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Institute of Transportation Engineers, Parking Generation, 2" edition

(Washington, DC: 1987), p. 146.

not show that parking demand is related to floor
area.'’ The average parking generation rate of 9.95
spaces per 1,000 square feet is due mainly to the
. . .. 12
intercept, which is independent of floor area.

Predicting a parking demand of 26 spaces for every
restaurant in this sample—regardless of restaurant
size—produces about the same average error as

"' The confidence interval around the coefficient of floor
area was calculated by re-estimating the regression equa-
tion from the 18 observations in the data plot.

12 Because the intercept is 20 spaces and the average floor
area is 3,000 square feet, the average parking generation
rate would be 6.7 spaces per 1,000 square feet even if the
coefficient of floor area were 0.

predicting a parking demand of 9.95 spaces per
1,000 square feet."

We cannot say much about how floor area affects
either vehicle trips or parking demand, because the
95%

coefficient includes zero in both cases.'* This is not to

confidence interval around the floor area

say that vehicle trips and parking demand are unre-
lated to a restaurant’s size, because common sense
suggests some correlation. Nevertheless, factors other

B The average peak parking occupancy for the 8 studies
was 26 spaces.

" Statistical insignificance does not imply that floor area
has no effect on parking demand or vehicle trips; rather, it
means that floor area does not reliably predict either vari-

able.
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than the floor area explain most of the variation in
vehicle trips and peak parking occupancy at these res-
taurants. Size does not matter much in these two
samples of parking and trip generation, and it is mis-
leading to publish precise average parking and trip
generation rates based on floor area.

Parking generation rates are hardly scientific, but
the authority inherent in ITE publications often
means that planners automatically regard ITE rates
as scientifically valid and do not examine them fur-
ther. ITE offers a precise number without raising
difficult public policy questions, although it does
warn, “Users of this report should exercise extreme
caution when utilizing data that is based on a small
number of studies” (ITE 1987a, p. vii). Neverthe-
less, many planners recommend parking generation
rates as minimum parking requirements. For exam-
ple, the median parking requirement for fast food
restaurants in the United States is 10 spaces per
1,000 square feet—almost identical to ITE’s reported
parking generation rate."

STATISTICAL SIGNIFICANCE

The combination of extreme precision and statisti-
cal insignificance for the parking and trip genera-
tion rates for a fast food restaurant raises an
important question: how many of the parking and
trip generation rates for other land uses are statisti-
cally significant? The fourth edition of Trip Gener-
ation (ITE 1987b) does not state a policy on
statistical significance, but it does show the plots
and equations for most land uses with more than
two data points. Nevertheless, it fails to show the
plots and equations for some land uses with more
than 10 data points. For example, consider the
report of trip generation at recreational land uses.
ITE presents 14 studies of trip generation at recre-
ational land uses but says “No Plot or Equation
Available—Insufficient Data.” The trip generation
rates in the 14 studies range from a high of 296 to
a low of 0.066 trips per acre on a weekday: a ratio
of 4,500 to 1. Given this wide range, reporting the

5 The Planning Advisory Service (1991) surveyed the park-
ing requirements in 127 cities. The median of 10 spaces per
1,000 square feet applies to cities that base their require-
ments for fast food restaurants on gross floor area.
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Peak Parking Occupancy vs. Parking Demand

A big difference exists between “parking occupancy”
and “parking demand.” Transportation engineers
define the former as the number of parked cars.
Economists define the latter as the functional
relationship between the price of parking and the
number of parked cars, and they define the actual
number of parked cars at any time as the quantity of
parking demanded at a specific price. Economists call
the peak parking occupancy observed at a site that
offers free parking the quantity of parking demanded
at a zero price at the time of peak parking demand.
These differing definitions show the confusion that can
result when ITE’s parking generation rates are loosely
referred to as parking demand.

average trip generation rate as precisely 3.635 trips
per acre is clearly misleading.'®
ITE first stated a policy regarding statistical sig-
nificance in the fifth edition of Trip Generation (ITE
1991, p. I-8):
Best fit curves are shown in this report only

when each of the following three conditions are
met:

e The R? is greater than or equal to 0.25.
e The sample size is greater than or equal to 4.

¢ The number of trips increases as the size of the
independent variable increases.'”

The third criterion is notably unscientific. For exam-
ple, suppose the R” is greater than 0.25 and the sam-
ple size is greater than four, but vehicle trips
decrease as floor area increases (i.e., the first two
criteria are met but the third is not). In this case, ITE
would report the average trip generation rate
(which implies that vehicle trips increase as floor
area increases), but not the regression equation that
would cast doubt on this rate. The stated policy,
therefore, omits evidence that would contradict the
presumed relationship.

Figure 3 from the fifth edition of Trip Generation
(ITE 1991) shows how these three criteria affect the
report of trip generation at a fast food restaurant. It
shows the same eight data points from the fourth edi-
tion, but it omits the regression equation, the R*, and
the warning “Caution—Use Carefully—Low R>.”
The omitted R* remains 0.069 because the data are

!¢ In the fourth edition of Trip Generation, Land Use 400
(Recreational) includes bowling alleys, zoos, sea worlds,
lakes, pools, and regional parks (ITE 1987b, p. 537).

7 ITE gives no explanation for showing the regression
equation and the R* only when all three criteria are met.
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FIGURE 3 Fast Food Restaurant with Drive-Through Window

(Land Use 834)

Average Vehicle Trip Ends vs:
1,000 Square Feet Gross Floor Area

On a: weekday

Number of Studies: 8

Average 1,000 Sq. Feet GFA: 3
Directional Distribution: 50% entering, 50% exiting

Trip Generation per 1,000 Sq. Feet Gross Floor Area

Average Rate

Range of Rates

Standard Deviation
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Institute of Transportation Engineers, Trip Generation, 5" edition

(Washington, DC: 1991), p. 1,308.

unchanged from the fourth edition, but the fifth
edition is more cautious about needless precision; it
truncates the average trip generation rate from
632.125 to 632.12 trips per 1,000 square feet."

ITE revised its reporting policy in the sixth (most
recent) edition of Trip Generation (ITE 1997, p.
19). Regression equations are shown only if the R*
is greater than or equal to 0.5, while the other two

¥ Figure 3 (from the fifth edition) also differs from figure 1
(from the fourth edition) in two other respects. First, the
directional distribution of vehicle trips was “not available”
in 1987, but for the same data became “50% entering,
50% exiting” in 1991. Second, the standard deviation was
not reported in 1987 but was reported as 266.29 in 1991.

criteria remain the same (the sample size is four or
more, and vehicle trips increase as the independent
variable increases). Figure 4 shows the sixth edi-
tion’s report of trip generation at a fast food restau-
rant. The number of studies increased to 21, and the
average trip generation rate fell to 496.12 trips per
1,000 square feet. The R* is below 0.5, but we are
not told what it is. Since the fifth edition’s rate was
632.12 trips per 1,000 square feet, anyone compar-
ing the two editions might conclude that vehicle trips
at fast food restaurants declined 22% between 1991
and 1997. But since both the previous rate (632.12)
and the new one (496.12) were derived from data
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FIGURE 4 Fast Food Restaurant with Drive-Through Window

(Land Use 834)

Average Vehicle Trip Ends vs: 1,000 Square Feet Gross Floor Area

On a: weekday

Number of Studies: 21

Average 1,000 Sq. Feet GFA: 3
Directional Distribution: 50% entering, 50% exiting

Trip Generation per 1,000 Sq. Feet Gross Floor Area

Range of Rates

Standard Deviation

195.98-1,132.92

242.52

X = 1,000 Sq. Feet Gross Floor Area
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496.12
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DC: 1997), p. 1,401.

that show almost no relationship between floor area
and vehicle trips, this decline seems unlikely."’

The 1997 edition shows regression equations for
only 34% of the trip generation rates, which means
that 66% of the 1,515 trip generation rates fail to
meet at least one of the three criteria. This statistical

% If the 8 studies from the fourth (ITE 1987b) and fifth
(ITE 1991) editions are included among the 21 studies
reported in the sixth (ITE 1997) edition, the average trip
generation rate for the 13 new studies must be well below
496.12 in order to reduce the average rate for the 21 stud-
ies to 496.12. All of the 8 study sites in the fourth and
fifth editions were exactly 2,000, 3,000, or 4,000 square
feet, but none of the 21 study sites in the sixth edition
matched these sizes.

insignificance is not surprising given that circum-
stances vary enormously among different sites for
the same land use (e.g., a fast food restaurant).
Floor area is only one among many factors that
influence vehicle trips at a site, and we should not
expect floor area or any other single variable to
accurately predict the number of vehicle trips at any
site or land use.”

* Trip generation rates are a stripped-down version of
the gravity model for travel forecasting. The gravity
model predicts aggregate traffic between origin and desti-
nation zones as a function of zone sizes and generalized
travel cost, while trip generation rates predict traffic to
and from one site as a function of floor area (or another
variable) at that site, without reference to cost.
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Although 66% of the trip generation rates fail to
meet ITE’s significance criteria, ITE nevertheless
publishes a precise trip generation rate for every land
use. For example, a report of trip generation at truck
terminals (figure 5) presents two sites, with the larger
site generating fewer vehicle trips. Nevertheless, ITE
reports the average trip generation rate as precisely
81.90 vehicle trips per acre on a weekday and plots a
line that suggests larger sites generate more vehicle
trips.

Reporting statistically insignificant estimates
with misleading precision creates serious problems,
because many people rely on the ITE manuals to
predict how urban development will affect parking
and traffic. When estimating the traffic impacts of
development, for example, developers and cities
often debate over whether a precise trip generation
rate is correct. Some cities even base zoning catego-
ries on trip generation rates. Consider this zoning
ordinance in Beverly Hills, California:

The intensity of use shall not exceed either six-
teen (16) vehicle trips per hour, or 200 vehicle
trips per day for each 1,000 gross square feet of
floor area for uses as specified in the most recent

edition of the Institute of Traffic Engineers’ pub-
lication entitled Trip Generation.*

The precise but uncertain ITE data thus govern
which land uses the city will allow.

Parking and trip generation rates are difficult to
challenge once they are incorporated into municipal
codes. Planning is an inherently uncertain activity,
but the legal system of land-use regulation makes it
difficult to acknowledge uncertainty in planning
regulations. Calling attention to the flaws in the
reporting of the parking and trip generation rates
would expose land-use decisions to countless law-
suits from developers, neighborhood groups, and
property rights advocates, all of whom could rightly
question the legitimacy of the reasoning used to
establish off-street parking requirements and to
argue for either more or less parking. This desire for
the appearance of certainty explains why transpor-

21 Section 10-3.162(5) of the Beverly Hills Municipal
Code. (ITE changed its name from the Institute of Traffic
Engineers to the Institute of Transportation Engineers in
1976.)

tation engineers, urban planners, developers, and
elected officials rely on precise point estimates—
rather than ranges—to report the highly uncertain
parking and trip generation rates.

PLANNING FOR FREE PARKING

ITE’s parking and trip generation rates can create
serious problems when they are used for urban
planning. Most ITE samples are too small to draw
statistically significant conclusions, and ITE’s method
of collecting data skews observations toward sites
with high parking and trip generation rates. Larger
samples might solve the problem of statistical insig-
nificance, but a basic problem with parking and trip
generation rates would remain: they measure the
peak parking demand and the number of vehicle trips
at suburban sites with ample free parking. This situ-
ation is troubling, because ITE rates greatly influence
the outcome of transportation and land-use planning,
ultimately contributing to decisions that result in
more traffic, lower density, and more urban sprawl.

To explain how ITE’s parking and trip generation
rates influence transportation and land-use plan-
ning, consider what appears in practice to be the
six-step process of planning for free parking in the
United States.

m Step 1. Transportation engineers survey the peak
parking demand at a few suburban sites with
ample free parking but no transit service, and
ITE publishes the results in Parking Generation
with misleading precision.

m Step 2. Urban planners consult Parking Genera-

tion to set minimum parking requirements. The
thus
becomes the minimum required parking supply.

maximum observed parking demand

® Step 3. Developers provide all the parking that
planners require, and the ample supply of park-
ing drives the price of most parking to zero,
which increases vehicle travel.

m Step 4. Transportation engineers survey vehicle
trips to and from suburban sites with ample free
parking but no transit service, and ITE publishes
the results in Trip Generation with misleading
precision.
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FIGURE 5 Truck Terminal
(Land Use 030)

Average Vehicle Trip Ends vs: Acres

On a: weekday

Number of Studies: 2

Average Number of Acres: 14

Directional Distribution: 50% entering, 50% exiting
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Institute of Transportation Engineers, Trip Generation, 6™ edition (Washington,

DC: 1997), p. 66.

® Step 5. Transportation planners consult Trip
Generation as a guide to design the transporta-
tion system with adequate capacity to bring cars
to the free parking.”

m Step 6. Urban planners limit density so that
development with ample free parking will not

** Transportation planners often use the Urban Transpor-
tation Modeling System (UTMS) to predict modal flows
on links between zones in a network, and the first of the
four major steps in the UTMS model is “trip generation.”
The four-step UTMS model is thus used to carry out step
5 of the six-step process of planning for free parking.
Meyer and Miller (2001) explain the UTMS model.

generate more vehicle trips than nearby roads can
carry. This lower density spreads activities farther
apart, further increasing both vehicle travel and
parking demand.

We come full circle when transportation engi-
neers again survey peak parking demand at subur-
ban sites that offer free parking but no transit
service and find that more parking spaces are
“needed.” Misusing precise numbers to report
uncertain data gives a veneer of rigor to this elabo-
rate but unscientific practice, and the circular logic
explains why planning for transportation and land
use has contributed to increased traffic and sprawl.
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The ITE manuals do not cause this circular pro-
cess, which started long before ITE began collecting
data on parking and trip generation. In 1965,
economist Edgar M. Hoover described the circular
planning process in words that still apply today:

In practice, the separation of highway-building
programs from parking programs (they are in
different and quite independent bureaucracies or
authorities) introduces a still further pernicious
element. We know the story of the man who
took another piece of bread in order to finish his
butter, then another piece of butter in order to
finish his bread, and so on till he burst. Simi-
larly, every provision of new freeways into a
congested area heightens the observed demand
and the public pressure for more parking facili-
ties; every additional downtown parking garage
heightens the demand for more new freeways to
bring people to it; and so on back and forth
indefinitely. Each of the two independent public
authorities involved can argue persuasively that
it is merely trying to keep up with an undeniably
strong and growing demand. (Hoover 19635, pp.
188-189)

The main change that has occurred since 1965 is
that engineers and planners now have precise parking
and trip generation data to quantify the “undeniably
strong and growing demand” for parking and high-
ways. The interaction between transportation engi-
neers and urban planners in gathering and
interpreting these data helps to explain why planning
for parking in the United States is essentially planning
for free parking. Urban planners set parking require-
ments without taking into account the price of park-
ing, the cost of parking spaces, the local context, or
the wider consequences for transportation, land use,
the economy, and the environment.

ITE warns users to be careful when the R* is low
(although it removed this warning from the plots of
trip generation rates in the two most recent editions
of Trip Generation). ITE also advises users to
modify trip generation rates in response to spe-
cial circumstances.

At specific sites, the user may want to modify
the trip generation rates presented in this docu-
ment to reflect the presence of public transpor-
tation service, ridesharing or other TDM
measures, enhanced pedestrian and bicycle trip-
making opportunities, or other special charac-

teristics of the site or surrounding area. (ITE
1997, vol. 3, p. 1)

Nevertheless, ITE does not suggest how a user
might modify the rates in response to any special
characteristics of a site or its surrounding area,
and the price of parking is prominently not on the
list of special characteristics that might affect trip
generation.

Data users should always ask themselves whether
the data are appropriate for the intended purpose.
Only users can misuse data, but ITE invites misuse
when it reports statistically insignificant estimates as
precise numbers. This spurious precision has helped
to establish ITE parking requirements and trip gen-
eration rates as unquestionably authoritative in the
planning profession.

CONCLUSION: LESS PRECISION
AND MORE TRUTH

Estimates of parking and trip generation respond to a
real demand for essential information. Citizens want
to know how development will affect parking
demand and traffic congestion in their neighborhood.
Developers want to know how many parking spaces
they should provide for employees and customers.
Planners want to regulate development to prevent
problems with parking and traffic. Politicians want
to avoid complaints from unhappy parkers. These
are all valid concerns, but reporting parking and trip
generation rates with needless precision creates false
confidence in the data. To unsophisticated users,
these precise rates appear to carry the rigor of scien-
tific constants.

When planners set parking requirements and
design the transportation system, they treat parking
and trip generation like established laws and ITE
estimates like scientific observations. But parking
and trip generation are poorly understood phenom-
ena, and they both depend on the price of parking,
an element not addressed by ITE in the two reports
discussed. Demand is a function of price, not a fixed
number, and this does not cease to be true merely
because transportation engineers and urban planners
ignore it. Most cities are planned on the unstated
assumption that parking should be free—no matter
how high the cost or how small the benefit.
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American motor vehicles consume one-eighth of
the world’s total oil production, and ubiquitous free
parking contributes to our automobile dependency.”
What can be done to improve this situation? Here are
four recommendations:

1. ITE should state in the report for each park-
ing and trip generation rate that this rate
refers only to suburban sites with ample free
parking but no public transit, pedestrian
amenities, or TDM programs.

2. ITE should show the regression equation
and the R? for each parking and trip genera-
tion report and state whether the coefficient
of floor area (or other independent variable)
in the equation is significantly different from
zero.

3. ITE should report the parking and trip gen-
eration rates as ranges, not as precise point
estimates.

4. Urban planners should recognize that even if
the ITE data were accurate, using them to
set parking requirements would dictate an
automobile-dependent urban form with free
parking everywhere.

Both transportation engineers and urban plan-
ners should ponder this warning from Lewis Mum-
ford: “The right to have access to every building in
the city by private motorcar, in an age when every-
one possesses such a vehicle, is actually the right to
destroy the city.” (Mumford 1981)

Parking and trip generation rates illustrate a famil-
iar problem with statistics used in transportation
planning, and placing unwarranted trust in the accu-
racy of these precise but uncertain data leads to bad
transportation and land-use policies. Being roughly
right is better than being precisely wrong. We need
less precision—and more truth—in transportation
planning.

» Transportation accounted for 66.4% of U.S. oil con-
sumption in 1996, and highway transportation accounted
for 78.3% of U.S. oil consumption for transportation.
Therefore, highway transportation accounted for 52.0% of
U.S. oil consumption (66.4% x 78.3%). The United States
also consumed 25.7% of the world's oil production in
1996. Thus, U.S. highway transportation consumed 13.4%
(slightly more than one-eighth) of the world's total oil pro-
duction (52.0% x 25.7%). Highway transportation refers
to travel by cars, trucks, motorcycles, and buses. See Davis
(2000, tables 1.3, 2.10, and 2.7) for the data on energy
consumption for transportation in the United States.
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Mr. Shoup’s article, “Truth in Transportation Plan-
ning,” tends to view the Institute of Transportation
Engineers’ (ITE) Trip Generation, 6th edition and
Parking Generation, 2nd edition reports as manuals
to be followed step by step rather than as informa-
tional reports to be used to help guide transporta-
tion planning and development decisions. The
intended purpose of the documents is stated in the
reports. For example, page ix of the Trip Genera-
tion User’s Guide contains the following:

ITE Informational Reports are prepared for

informational purposes only and do not include

ITE recommendations on the best course of

action or the preferred application of the data.

It is important to note that Trip Generation does
not represent a quick fix for transportation prob-
lems or a shortcut to planning procedures; rather, it
serves as a foundation on which the professional
engineer can build his or her own knowledge and
experience and apply this knowledge to any given
transportation-related situation. The intended users
who estimate vehicle trip generation or parking
demand are transportation professionals trained in
mathematics, statistics, traffic engineering, and plan-
ning fundamentals and who possess engineering
judgment.

ITE’s reports provide a compilation of available
data collected from numerous sources. In the sixth
edition of Trip Generation, data are combined from
more than 3,750 individual trip generation studies.
This information is by no means all inclusive; how-
ever, it represents the best information available at the
time of publication. ITE’s Trip Generation report is
updated regularly to include supplemental informa-
tion as it becomes available.

Some of Shoup’s commentary, examples, and
assertions are directed to the fourth and fifth editions
of Trip Generation. While many of these references
are used to make a point, some of the discussion is

Discussion

not relevant as the data, assumptions, and reporting
techniques are updated and improved from edition
to edition. Further, we expect that transportation
professionals will use the latest edition to obtain the
most recent knowledge and data available.

In his article, Shoup correctly points out that
reporting statistics with “extreme precision may sug-
gest confidence in their accuracy.” He also rightfully
acknowledges that generation rates such as 623.12
could be reported as 623 and not affect the accuracy
of the calculation. However, there are also many
instances in Trip Generation where rates presented
with two decimal places are appropriate at that level
of precision (e.g., as a rate of 0.57 pm peak-hour trips
per occupied room of a business hotel, or 7.27 week-
day trips per occupied room). When developing the
first edition of Trip Generation, the Trip Generation
Committee wrestled with this issue of decimal place-
ment and decided to be consistent in reporting all
rates with two decimal places.

Shoup also notes that, from a statistical stand-
point, some of the independent variables used are
simply not related to trips (e.g., he points to an
extremely low R* value). This may be a valid point;
however, in many instances the particular indepen-
dent variable is chosen because it is the only infor-
mation available in the early stages of development
when these analyses are often undertaken. To that
end, the Trip Generation User’s Guide (vol. 3, p. 21)
notes that: “Selecting an appropriate method for
estimating trips requires use of engineering judg-
ment and a thorough understanding of the three
methodologies....”

In reference to Shoup’s remarks regarding figure 4,
the only independent variables available for this land
use for measuring weekday trips were gross square
feet and seats. We acknowledge that it is the custom-
ers and employees who make the trips, but these data
were not available when the measurements were
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made and are rarely known when estimating pro-
posed traffic impacts. Page 14 of the User’s Guide
addresses the variation in the statistics:
These variations may be due to the small sample
size, the individual marketing of the site, eco-
nomic conditions of the business market, the
geographic location of sites studied, or the
unique character of the specific site. Accord-

ingly, judgment must be exercised in the use of
the statistics in this report.

Shoup continues with a dialogue regarding ITE’s
advice to users to modify trip rates in response to
special situations, such as the presence of public
transportation service, ridesharing, and enhanced
pedestrian facilities. We feel it is appropriate for ITE
to point out potential cautions with the use of data
without necessarily providing a solution if it cannot
be supported by current research.

In Shoup’s conclusion, he recommends that Trip
Generation data be reported as ranges and not as
precise point estimates. Current editions of Trip
Generation and Parking Generation do provide
ranges, average rates, and a data plot. This diversity
in data presentation provides the user with a more
comprehensive look at the data. Additionally, page
18 of the User’s Guide provides a detailed descrip-
tion of a sample data page.

To produce resources supporting Trip Genera-
tion, ITE relies on the voluntary submittal of data
from the transportation community. Calls for the

submission of data have been ongoing over the
years, with the intent to provide additional data to
assist transportation professionals. ITE’s openness
about the availability of data can be seen on page
one of the User’s Guide:

In some cases, limited data were available; thus,

the statistics presented may not be truly repre-

sentative of the trip generation characteristics of
a particular land use.

Such cautionary statements run throughout both
the Trip Generation and the Parking Generation
informational reports.

Trip Generation, 7th edition, and Parking Gener-
ation, 3rd edition, are slated for release in 2003.
Data collected from various sources, as well as com-
ments, including those provided by Shoup, are
reviewed and taken into consideration during the
revision process. ITE’s intent is to provide a helpful
resource that will guide transportation professionals
in their decisionmaking.

Editor-in-Chief’s Note: The discussants were chosen by the
Institute of Transportation Engineers.

Author Addresses: Corresponding author—Eugene Arnold,
Senior Research Scientist, Virginia Transportation Research
Council, 530 Edgemont Road, Charlottesville, VA 22903.
Email: Gene.Arnold@VirginiaDOT.org.

Carl Buttke, Consulting Transportation Engineer, PO Box
2740, Hailey, ID 83333. Email: buttke@tripgeneration.
com.
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Carl Buttke and Eugene Arnold argue that nothing is
wrong with the Institute of Transportation Engi-
neers’ (ITE) Trip Generation and Parking Genera-
tion. In part, their confidence may derive from their
assumption that “the intended users . . . are trans-
portation professionals trained in mathematics,
statistics, traffic engineering, and planning funda-
mentals and who possess engineering judgment.”
But the actual users are a much broader and more
diverse group. The ITE itself says, “Trip Generation
is an educational tool for planners, transportation
professionals, zoning boards, and others who are
interested in estimating the number of vehicle trips
generated by a proposed development” (ITE 1997,
vol. 3, p. ix). Many of these people are not trained
in mathematics, statistics, and traffic engineering.
Zoning boards are rarely trained in anything—they
are elected or appointed to their positions, perform
their duties as volunteers, and rely heavily on
references such as Parking Generation and Trip
Generation. They will not realize that the reported
rates are often statistically insignificant and refer
only to suburban sites with ample free parking and
no public transit.

I would like to address three issues that Buttke
and Arnold raise, and make a recommendation.

SIGNIFICANT DIGITS

ITE’s convention of rounding every parking and trip
generation rate to two digits after the decimal point
blurs the distinction between precision and accuracy.
Buttke and Arnold agree that the two-digits-after-the-
decimal-point convention leads to inappropriate pre-
cision in some instances, but then say,
There are also many instances in Trip Genera-
tion where rates presented with two decimal
places are appropriate at that level of precision
(e.g., as a rate of 0.57 pm peak-hour trips per

occupied room of a business hotel, or 7.27
weekday trips per occupied room).

Rejoinder

But Trip Generation’s estimate of 7.27 weekday
trips per occupied room of a business hotel is based
on only one observation.' It illustrates perfectly the
statistical insignificance and inappropriate preci-
sion of many parking and trip generation rates.

An estimate always has some associated uncer-
tainty. The number of significant digits used to
express an estimate should reflect this uncertainty.
The least significant digit in a number is the one far-
thest to the right, and the accuracy of any number is
usually assumed to be +1 of the least significant digit,
unless stated otherwise. In a typical engineering con-
text, one would assume that an estimate expressed
with five significant digits had been measured more
accurately than an estimate expressed with only two
significant digits. Because the number of significant
digits used to express an estimate should be related to
the uncertainty surrounding the estimate, the ITE’s
automatic two-digits-after-the-decimal-point conven-
tion is inappropriate and unscientific.

Buttke and Arnold note that the Trip Generation
Committee wrestled with the issue of decimal place-
ment in preparing the first edition of Trip Genera-
tion in 1976, and decided to be consistent in
reporting all rates with two digits after the decimal
point.”> Accuracy is more important than digits-
after-the-decimal-point consistency, however, and
one should not use more (or less) precision than is
warranted simply for the sake of uniformity.
Precision refers to the number of significant digits,
not to the number of digits after the decimal point.

LITE (1997, vol. 1, p. 543). The estimate of 0.57 pm
peak-hour trips per occupied room is based on only four
studies.

2 The first (1976), second (1979), and third (1983) edi-
tions of Trip Generation report some rates with no digits
after the decimal point and other rates with one or two
digits after the decimal point. The fourth (1987) edition
reports all rates with three digits after the decimal point.
The fifth (1991) and sixth (1997) editions report all rates
with two digits after the decimal point.
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MISUSE

Statistically ~ sophisticated users understand the
extreme uncertainty of trip generation rates and can
ignore the false precision. But many users are 7ot sta-
tistically sophisticated. To them, ITE’s trip generation
rates are the relationship between transportation and
land use. Some zoning codes explicitly specify ITE’s
trip generation rates as the basis for making land-use
decisions and as the basis for assessing traffic impact
fees, regardless of the sample size or statistical signifi-
cance of the rates.

In Signal Hill, California, for example, the traffic
impact fee is $66 per daily vehicle trip generated by
a development project. The number of trips is calcu-
lated by multiplying the size of the project times its
trip generation rate “as set forth in the most recent
edition of the Traffic [sic] Generation manual of the
Institute of Transportation Engineers.”” The sixth
edition’s trip generation rate for a fast food restau-
rant is 496.12 trips per 1,000 square feet, so Signal
Hill’s traffic impact fee is $32.74 per square foot of
restaurant space. The uncertain trip generation rates
thus determine cities’ tax rates.

FREE PARKING

Buttke and Arnold conclude that “ITE’s intent is to
provide a helpful resource that will guide transporta-
tion professionals in their decisionmaking.” Spurious
precision is not a real impediment for this purpose,
although it is misleading.* The real problem with
Parking Generation and Trip Generation is that they
measure the peak parking demand and the number
of vehicle trips at suburban sites with ample free
parking and no public transit. Using these precise but
poorly understood parking and trip generation rates
as a guide to planning leads to bad transportation

* Section 21.48.020 of the Signal Hill Municipal Code. The
code is available online at http:/www.ci.signal-hill.ca.us/
homepage.php.

* Even if everyone who refers to Parking Generation and
Trip Generation were an engineer or statistician, that does
not excuse unjustified precision. Journalists do not casu-
ally break grammar and spelling rules just because intelli-
gent readers might be able to figure out what they mean
anyway. The burden of clarity and accuracy falls on the
writer—it cannot be shifted to the reader, no matter who
one supposes the reader to be.

and land-use decisions. Parking Generation and Trip
Generation are helpful resources in designing cities
where everyone will drive everywhere they go and
park free when they get there.

RECOMMENDATION

What can be done to make the ITE reports more
reliable? The British counterpart to Trip Generation
suggests some possible improvements. The “Trip
Rate Information Computer System” (TRICS) gives
full information about the characteristics of every
surveyed site and its surroundings.’ Users can thus
estimate a trip generation rate based on sites compa-
rable to the one under consideration. In addition to
counts of vehicles, TRICS also includes counts of all
the people (pedestrians, cyclists, public transport
users, and car occupants) who arrive at and depart
from a site. By including more than vehicle trips,
TRICS takes a broader view of transportation.
When all modes are included, the person trip rates
are often much higher than the vebicle trip rates.

With its narrow focus on counting cars at subur-
ban sites with free parking, Trip Generation pre-
sents a precise but uncertain, skewed, and
incomplete measure of the relationship between
transportation and land use in the United States.
Fortunately, the ITE’s Parking and Trip Generation
Committees seek to improve each successive edition
of Parking Generation and Trip Generation. In
future editions, they should settle for less precision,
and strive for more accuracy.

’ The TRICS database is available online at http://
WWW.trics.org/.
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