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ABSTRACT
For decades, the task of calculating how much traffic a new project is expected to generate has been
completed using trip generation formulas and/or rates provided in the Institute of Transportation
Engineers (ITE) Trip Generation Manual. The resulting traffic volumes then dictate infrastructure needs,
such as the need for new or widened roadways, turn lanes, access points, and/or traffic signals.
For single-family residential developments in particular, the manual provides multiple trip generation
rates. In addition to the standard single-family rate, a second rate is provided for planned unit
developments (PUDs), which have been found to generate fewer trips than other single-family
developments. Unfortunately, well over 90% of the trip generation studies included in the manual are
more than 20 years old and may not represent current trip generation rates due to changes in
technology (telecommuting, e-commerce), land use patterns, and driving patterns such as trip chaining,
among others. Data collected at two suburban large-scale residential developments on the outskirts of
the Tucson metropolitan area resulted in trip generation rates which are 50% lower than the ITE singlefamily residential rates, and considerably lower than the PUD rates in the ITE manual.
Because transportation infrastructure is directly influenced by trip generation rates, using inflated rates
can result in oversized roadways and unnecessary traffic signals, which are both a waste of space and
generally scarce funds. This paper will discuss reasons why trip generation rates have declined, the
implications of using generalized trip rates on infrastructure planning, and how these newly developed
rates have the potential to significantly impact the development of transportation facilities in the Tucson
region and in our country as a whole.
INTRODUCTION
When faced with evaluating the potential traffic impacts generated by a proposed development, traffic
engineers have historically turned to the ITE Trip Generation Manual. The first edition of the manual
was published in 1976, and the most recent (9th) edition was published in 2012. The Trip Generation
Manual provides an estimated number of trips generated for various land uses based on characteristics
of each use using data collected at sites throughout the United States (and sometimes Canada). As
examples, single-family residential trip generation rates are based on data collected between the late
1960s and the 2000s, and data for PUD trip generation rates was collected between the late 1970s and
the mid-1990s.
The single-family residential category (Land Use 210) is arguably the most commonly used category in
the manual, providing regression equations and average rates based on more than 300 trip generation
studies for that particular category. Unfortunately, a comparison of the 6th and 9th editions of the
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manual shows that the vast majority of the data for Land Use 210 is more than 20 years old. As shown
in Figure 1, only 2% of the weekday trip rate studies and 7-8% of the peak hour trip rate studies have
been conducted since 1997. The situation is even more dramatic for Land Use 270 (typically used for
larger master-planned communities), as there have been no published studies over the last 20 years.
Obviously, there have been many societal changes over the last 20 years that affect travel behavior. As
an example, there has been vast growth of Travel Demand Management strategies such as
telecommuting, flexible work hours to encourage off-peak travel, and emphasis on alternative
transportation modes. Likewise, e-commerce has gone from non-existent to representing 25% of all
retail sales (excluding food services) in the United States at the end of 2016. This has also been paired
with trends towards more infill projects, flexible zoning to support mixed-use development, and other
land use changes.
As a result, it’s appropriate to ask whether we should be weighing “old” data so heavily when making
infrastructure decisions. Should we give more importance to the few recent studies than to the old
studies? Under the current circumstances, we often forecast traffic for the year 2040 based on data
that at that point will be more than 50 years old.
Figure 1. Number of Trip Generation Studies for Land Uses 210 and 270

While working on a traffic impact study for continued building within a suburban, large-scale residential
master plan located on the outskirts of the Tucson metropolitan area, Psomas suspected that the trip
generation rates for the development were lower than those provided in the ITE Trip Generation
Manual. Although conservative traffic volume estimates can be helpful to ensure that the roadway
network will provide sufficient capacity to serve future volumes, over-sizing facilities can lead to other
problems such as inefficient spending, speeding, lower walkability, etc. Therefore, it was determined
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that field-measured trip generation rates may be more appropriate, allowing for the necessary facilities
to be recommended and constructed while still minimizing excessive costs.
STUDY SITES
Traffic volume data was collected at two large single-family detached residential developments on the
outskirts of the Tucson metropolitan region. One development is located northwest of Tucson in the
Marana area and consists of approximately 800 completed units, while the other is located west of
Tucson in unincorporated Pima County and includes approximately 1,700 completed homes. Figure 2
shows the general location of both developments which have a limited number of access points,
allowing for traffic volume data specific to the sites to be easily collected and analyzed.
Figure 2. Study Site Locations
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In both cases, a small number of residential units not specific to the development also had access along
the same roadways, so those residences were included in the calculations. For Development B, a K-8
charter school also has its only access from one of the roadways which serves the residential
development, so the volume data was adjusted to discount the number of trips generated by the school
using the ITE trip rates. Because the afternoon peak hour for the school does not coincide with that of
the adjacent facilities, adjustments were only made to the daily and morning peak hour volumes.
TRIP GENERATION RATES – ITE MANUAL
Table 1 shows the trip generation rates for the single-family detached residential land use (210) and the
planned unit development land use (270), including daily, AM peak hour, and PM peak hour rates. The
rates shown are taken from the 9th edition of the ITE Trip Generation Manual, but it should be noted
that for these two land uses, the rates in the 9th edition are nearly identical to those published in the
preceding three editions because of the reasons previously discussed. As seen in the table, the trip
generation rates for units in a PUD are considerably lower than those for single-family detached housing
units. Furthermore, while the two developments fall within the project size for both land uses in the ITE
Trip Generation Manual, the PUD land fits the size and character of the developments in question
better.
Table 1. Trip Generation Rates – ITE Trip Generation Manual

Land Use
(ITE Land Use Code)
Single-Family Detached (210)

Trips/Unit
AM
PM Daily
0.75 1.00 9.52

Planned Unit Development (270)

0.51

0.62

7.50

TRIP GENERATION RATES – FIELD DATA
Traffic volume data was collected for Development A in 2016, and Development B data was collected in
both 2013 and 2016. Data was collected for Development B in 2013 when there was only access was via
one roadway, and was collected again 2016 to aid in traffic analyses for the remaining blocks of the
development after a second access roadway was constructed.
In addition to the data collected along the access roadways, Pima County provided approach data at the
major internal intersection of Development B. Because the southern area of Development B only has
access via one roadway, trip generation rates for that area could be calculated. This served as a third
source of data for the same development to help improve the accuracy of the trip generation estimates.
Table 2 shows the trip generation rate results for each of the four data sets along with average rates and
distributions. The AM and PM peak hours represent the peak hour for the adjacent roadway. In all
cases, the AM peak hour was between 7:00 and 8:30 AM, and the PM peak hour was between 5:00 and
6:30 PM.
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Table 2. Trip Generation Rates – Field Data

2016
2013
2016
2016

AM
0.46
0.51
0.51
0.70

Trips/Unit
PM
0.51
0.48
0.55
0.45

N/A

0.54

0.50

Development

Year

A
B
B
B South*
Average Rates

Daily
6.23
5.61
5.71
5.78

AM
% in % out
23%
77%
17%
83%
16%
84%
16%
84%

PM
% in % out
70%
30%
73%
27%
66%
34%
66%
34%

Psomas 2016
Psomas 2013
Psomas 2016
Pima County 2016

5.83

18%

69%

N/A

82%

31%

Source

*Only the southern portion of the development was used in this calculation due to data constraints

TRIP GENERATION RATE COMPARISONS
A comparison of the residential trip generation rates from the ITE Manual and those collected in the
field is shown in Table 3. As seen in the table, the daily trip generation rate for the two large-scale
developments in the Tucson metropolitan area is 40% lower than the ITE rate for single-family detached
housing units, and is half the ITE trip rate during the PM peak hour, which is generally the busiest period
on the network and is used to determine intersection and road segment improvements. In addition, the
field daily trip rate is almost 25% lower than the rate for planned unit developments, with a 20%
difference during the PM peak period. The PM peak hour trip generation rate is also lowest for the field
data. However, the AM peak hour rate calculated from the field data falls between the rates for the
single-family detached housing and Planned Unit Development uses provided by ITE.
Table 3. Trip Generation Rate Comparison

Single-Family Detached Housing (ITE)
Planned Unit Development (ITE)

Trips/Unit
AM
PM
Daily
0.75
1.00
9.52
0.51
0.62
7.50

AM
% in % out
25%
75%
22%
78%

PM
% in % out
63%
37%
65%
35%

Field Data

0.61

16%

66%

Source

0.50

5.75

84%

34%

It should be noted that the directional distribution is nearly identical for all three sources for the PM
peak hour, but there is a significant difference in the distributions in the AM peak hour as the field data
shows a higher percentage of outbound traffic. This, combined with the field trip rate being higher in
the AM than the PM, results in significantly more pronounced directional peaks in the morning than
evenings for residential developments.
IMPLICATIONS
In order to better understand the implications of the different trip generation rates, Table 4 shows the
trips which would be generated for a 1,200-unit development. Assuming the new development will
have access from an existing two-lane roadway which already serves 7,000 vehicles per day (veh/day)
and has a capacity of 15,600 veh/day (based on the commonly-used Quality/Level of Service Handbook
Tables published by the Florida Department of Transportation), the impact of the development will be
significantly different depending on which of the trip generation rates is used.
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If the ITE rate for single-family detached housing was used, the results of the analysis would be that the
existing roadway would need to be widened from two lanes to four lanes in order to serve the project
traffic, which would be a major undertaking with significant costs. If the ITE rate for PUDs was used, the
roadway may or may not need to be widened (depending on local conditions). However, if the field data
rates were used to estimate trip generation, the two-lane roadway would be found to be sufficient to
serve the traffic generated by the new development. Additional implications could include the need for
traffic signals, turn lanes, and/or additional access drives, all of which come at a considerable cost.
Furthermore, the involuntary decision to oversize roadways may keep some projects from being
financially viable, and may also reduce funds available for investment in other infrastructure such as
parks and utilities for other viable projects.
Table 4. Example Trip Generation for 1,200-Unit Development

Example Trips - 1,200 Unit
Development
Single-Family Detached Housing (ITE)

Trips/Unit
AM
PM
Daily
900
1200 11,424

In
225

Out
675

In
756

Out
444

Planned Unit Development (ITE)
Field Data

612
654

135
117

477
536

484
413

260
186

744
599

9,000
6,999

AM

PM

CONCLUSIONS
Trip generation rates provided in the ITE Trip Generation Manual have long been used to help evaluate
the expected impacts from planned developments, which are then translated into roadway and
intersection improvement projects. However, analysis of the data in the Trip Generation Manual
showed that more than 90% of the trip generation studies in the manual are more than 20 years old,
and as a result may not be appropriate for projects being planned or constructed today. Psomas studied
two suburban, large-scale single-family residential developments in the Tucson metropolitan area, and
found that field-measured trip generation rates are considerably lower than those provided in the
manual. Reasons for these lower rates are likely related to societal, technological, and land use policy
changes that have affected travel behavior over the last two decades. Examples of these include the
widespread use of internet purchases, telecommuting/flexible schedules, and trip chaining. The use of
these lower field-measured rates can help minimize excessive roadway construction, reducing
unnecessary spending and potentially allowing for the provision of enhanced community amenities to
deliver a better experience for all and an improved sense of place.
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