December 23rd, 2005

Refer to File:

1122-01

Centre for Transportation Engineering & Planning (C-TEP)
c/o Department of Civil Engineering
University of Calgary
2500 University Drive NW
Calgary, Alberta T2N 1N4
Attention:

Mr. Merv Clark, Executive Director

Dear Merv:
Re:

Trip and Parking Generation Rates for Land Uses in Small
Towns in Alberta

Please find attached the final report for the above-noted CTEP research project
“Trip and Parking Generation Rates for Land Uses in Small Towns in Alberta”.
This report includes the results of the analysis, key findings/conclusions, and
corresponding recommendations. As requested, two hard copies and two CDs
have been provided.
Thank you for the opportunity to be involved with this interesting project, and
please call if you have any questions or wish to discuss any issue in further detail.
Sincerely,
BUNT & ASSOCIATES
Per:

Mike Furuya, M.Eng., P.Eng.
Associate
MF, mf
Encl.

N:\Project Files\1122 C-TEP\01 Trip & Parking\C\Final Report\1-covlet logo.doc

TRIP & PARKING GENERATION RATES
FOR LAND USE IN RURAL ALBERTA
FINAL REPORT

Prepared for:

Center for Transportation Engineering and Planning
(C-TEP)

Prepared by:

Bunt & Associates Engineering (Alberta) Ltd.

Permit to Practice No.

P7694

File No.:

1122-01

Date:

December 2005

TABLE OF CONTENTS
SECTION

1.0

PAGE

EXECUTIVE SUMMARY .....................................................................................1
1.1
1.2

2.0

INTRODUCTION ...................................................................................................4
2.1
2.2
2.3

3.0

INTRODUCTION ........................................................................................4
SCOPE AND OBJECTIVES........................................................................5
METHODOLOGY .......................................................................................6
2.3.1 Site Traffic Demand ........................................................................7
2.3.2 Parking Demand ..............................................................................7
2.3.3 Overall Study Approach ..................................................................8

LAND USE SELECTION AND STUDY DESIGN ..............................................9
3.1
3.2
3.3
3.4
3.5

4.0

INTRODUCTION ........................................................................................1
CONCLUSIONS & RECOMMENDATIONS.............................................1

SELECTION OF LAND USES....................................................................9
SAMPLE SIZE DETERMINATION ...........................................................11
SITE SELECTION .......................................................................................11
PHYSICAL COUNT PROGRAM ...............................................................14
MAIL BACK SURVEYS.............................................................................14

INDUSTRY REVIEW.............................................................................................17
4.1

4.2

4.3
4.4
4.5

INDUSTRY BEST PRACTICES.................................................................17
4.1.1 Trip Generation Rates......................................................................17
4.1.2 Parking Ratios..................................................................................18
LAND USE DESCRIPTIONS .....................................................................19
4.2.1 Hotel ................................................................................................20
4.2.2 Residential Dwelling Units..............................................................20
4.2.3 Schools ............................................................................................20
4.2.4 Highway Commercial......................................................................21
4.2.5 General Office .................................................................................21
4.2.6 Medical/Dental Office .....................................................................21
4.2.7 Strip Mall Retail ..............................................................................21
4.2.8 Big Box Retail .................................................................................22
4.2.9 Sit Down Restaurants ......................................................................22
4.2.9 Fast Food Restaurants......................................................................22
Trip Generation Rates...................................................................................22
Parking Generation Rates .............................................................................24
discussion......................................................................................................25
4.5.1 Big Box Retail .................................................................................25
4.5.2 Highway Commercial......................................................................26

i
N:\Project Files\1122 C-TEP\01 Trip & Parking\C\Final Report\3-Final Report Logo.doc
22/12/2005

TABLE OF CONTENTS
SECTION

5.0

PAGE

ANALYSIS OF EMPIRICAL DATA SETS .........................................................27
5.1
5.2

5.3
5.4
6.0

CONCLUSIONS & RECOMMENDATIONS......................................................38
6.1

7.0

INTRODUCTION ........................................................................................27
ANALYSIS OF PHYSICAL COUNTS.......................................................29
5.2.1 Site Traffic Generation ....................................................................29
5.2.2 Parking Generation ..........................................................................30
ANALYSIS OF MAIL BACK SURVEYS..................................................31
COMPARATIVE ANALYSIS.....................................................................31

CONCLUSIONS AND RECOMMENDATIONS .......................................38

ACKNOWLEDGEMENTS ....................................................................................40

ii
N:\Project Files\1122 C-TEP\01 Trip & Parking\C\Final Report\3-Final Report Logo.doc
22/12/2005

LIST OF TABLES
TABLE

PAGE

1.1

Recommended Parking Generation Rate ..............................................................2

1.2

Recommended Site Traffic Generation Rate ........................................................3

3.1

Participating Alberta-based Municipalities................................................9

3.2

Selection Land Use ........................................................................................12

3.3

Data Collection Program Schedule .............................................................13

3.4

Residential Questionnaire Summary ....................................................................15

4.1

Industry Site Traffic Generation Review – ITE Trip Rates....................................23

4.2

Industry Parking Generation Review (ITE)..............................................................24

4.3

By-Law Parking Requirement Review ......................................................................25

5.1

Observed Site Traffic and Statistical Analysis
(Physical Counts)...........................................................................................29

5.2

Observed Parking Demand and Statistical Analysis
(Physical Counts)...........................................................................................30

5.3

Summary of Residential Parking Analysis .................................................31

5.4

Comparative Assessment – Site Traffic Generation.............................................32

5.5

Comparative Assessment – Parking Generation ..................................................33

5.6

Comparative Assessment – Statistical Analysis (Parking Demand) .........35

5.7

Comparative Assessment – Statistical Analysis (AM Site Traffic)...........36

5.8

Comparative Assessment – Statistical Analysis (PM Site Traffic) ...........37

6.1

Recommended Parking Generation Rate ..............................................................38

6.2

Recommended Site Traffic Generation Rate ........................................................39

iii
N:\Project Files\1122 C-TEP\01 Trip & Parking\C\Final Report\3-Final Report Logo.doc
22/12/2005

LIST OF EXHIBIT
EXHIBIT

PAGE

3.1

Participating Municipalities ...................................................................................10

3.2

Residential Parking Questionnaire .............................................................16

iv
N:\Project Files\1122 C-TEP\01 Trip & Parking\C\Final Report\3-Final Report Logo.doc
22/12/2005

1.0

1.1

EXECUTIVE SUMMARY

INTRODUCTION

The Institute of Transportation Engineers (ITE) trip and parking generation manuals are
considered to be the primary reference material for estimating traffic generation
properties for a variety of land uses. However, most of the data sets used to compile
these rates were collected in large cities, and in some cases, the specific rates for certain
land uses tend to either over or underestimate the experience of smaller municipalities.
This situation lends itself to a research project aimed at determining appropriate trip and
parking generation rates for a variety of common land uses found throughout rural
Alberta in smaller towns, municipalities, and municipal districts. Bunt & Associates was
retained by the Centre for Transportation Engineering & Planning (CTEP) to undertake
the necessary research and analysis. The results are summarized in this report.
The intent for this particular research project was to organize a comprehensive data
collection program, in concert with the relevant stake holders, to obtain data that can be
used with confidence by transportation engineering professionals throughout Alberta and
beyond in undertaking traffic impact and parking studies. The specific objectives
included the following:

1.2

•

Select 10 candidate land uses and 4 candidate sites per land use for study.

•

Undertake a comprehensive data collection program, and review the results for
consistency using regression analysis and other statistical tools as deemed
appropriate by the nature of the sets.

•

Identify three basic categories, as follows:
•

Land uses where changes in existing requirements are appropriate.

•

Land uses where existing requirements are adequate.

•

Land uses where further study is required.

CONCLUSIONS & RECOMMENDATIONS

Bunt & Associates developed a number of conclusions and recommendations based on
the result of the empirical and comparative assessments. The selected trip and parking
rates along with the Bunt & Associates overall recommendation are summarized in Table
1.1 and Table 1.2. The detailed analysis is summarized in the Appendix.
1
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1.0 Executive Summary

In summary, Bunt & Associates concluded that the values published in the ITE Trip
Generation Manual would be appropriate for the majority of the land surveyed/studies as
part of this research project, specifically for uses that exhibit a large sample size.
However, this is not the case for the parking characteristics, as the use of local data tends
was concluded to be more appropriate.
Table 1.1: Recommended Parking Generation Rate
Industry Based
Land Use

Recommendation

Empirical Data Sets

Average

85
Percentile

33
Percentile

Average

85th
Percentile

33rd
Percentile

Use local data

0.91

1.14

0.72

0.47

0.60

0.37

Use ITE

1.83

2.14

1.67

1.85

1.91

1.80

High School/
student

Use local data

0.26

0.29

0.23

0.18

0.21

0.16

Highway
Commercial

Use local data

0.89

1.04

0.77

Hotel (per room)
Residential
Dwellings/unit

th

rd

Multi-Family
Dwellings/unit

Use ITE

1.46

1.62

1.39

1.42

1.83

1.17

General Office/
93 m2

Use local data

2.84

3.44

2.57

1.52

1.86

1.32

General Office/
employee

Use local data

0.83

0.98

0.76

0.64

0.69

0.66

Medical/Dental
Office/93 m2

Use ITE

3.53

4.30

2.92

5.31

6.96

4.02

Strip Mall/93m2

Use local data

4.74

5.92

4.23

1.13

1.51

0.94

Big Box
Shopping/93m2

Use local data

0.73

1.09

0.57

Sit-Down
Restaurant/seat

Use local data

0.47

0.72

0.35

0.22

0.39

0.08

Sit-Down
Restaurant/93 m2
GFA

Further study

16.3

20.4

14.3

3.99

5.76

3.15

Fast Food
Restaurant/seat

Further study

0.52

0.77

0.37

0.23

0.33

0.17

Fast Food
Restaurant/93 m2
GFA

Further study

12.4

14.5

13.1

6.67

10.40

4.70

Elementary
School/student

Use local data

0.28

0.36

0.19

0.12

0.15

0.12

2
N:\Project Files\1122 C-TEP\01 Trip & Parking\C\Final Report\3-Final Report Logo.doc
22/12/2005

1.0 Executive Summary

Table 1.2: Recommended Site Traffic Generation Rate
Land Use

Hotel

Residential
Dwellings

High School

Highway
Commercial
Multi-Family
Dwellings

General Office

Medical/Dental
Office

Strip Mall

Recommendation

Time Period

Industry (ITE)

Empirical Average

Use ITE
Further study

AM

0.56/room
0.69/emp

0.36/room
2.64/emp

Further study
Further study

PM

0.59/room
0.80/emp

0.33/room
2.61/emp

Use ITE

AM

0.78/unit

0.62/unit

Use ITE

PM

1.01/unit

0.76/unit

Use ITE
Use local data

AM

0.41/stu
4.63/emp

0.45/stu
5.75/emp

Further study
Use local data

PM

0.41/stu
1.55/emp

0.26/stu
3.43/emp

Use local data

AM

N/A

2.56/93 m2 GFA

Use local data

PM

N/A

4.21/93 m2 GFA

Use ITE

AM

0.30-0.67 per unit

0.34/unit

Use ITE

PM

0.8-0.78 per unit

0.51/unit

Use ITE
Use ITE

AM

1.55/93 m2 GFA
0.48/emp

1.82/93 m2 GFA
0.86/emp

Use ITE
Further study

PM

1.49/93 m2 GFA
0.46/emp

2.23/ 93 m2 GFA
1.01/emp

Further study
Further study

AM

2.48/93 m2 GFA
0.53/emp

9.19/93 m2 GFA
2.87/emp

Use local data

PM

3.72/93 m2 GFA
1.06/emp

8.42/93 m2 GFA
2.64/emp

Further study

AM

1.03/93 m2 GLA

2.83/93 m2 GFA

Further study
Use ITE

PM

3.76 per 93 m2 GLA

4.03/93 m2 GFA

Use local dada

AM

N/A

1.99/93 m2 GFA

Use local data

PM

N/A

2.52/93 m2 GFA

Use ITE
Use ITE

AM

0.47/seat
11.52/93 m2 GFA

0.30/seat
7.36/93 m2 GFA

Further study
Use local data

PM

0.41/ seat
10.92/ 93 m2 GFA

0.25/seat
5.63/93 m2 GFA

Further study
Further Study

AM

1.32/seat
53.11/93 m2 GFA

0.93/seat
26.58/93m2 GFA

Use ITE
Further Study

PM

0.94/seat
34.64/93 m2 GFA

0.83/seat
21.15/93m2 GFA

Use ITE
Use ITE

AM

0.42/stu
5.19/emp

0.42/stu
4.74/emp

Use ITE
Further Study

PM

0.28/stu
3.45/emp

0.25/stu
2.75/emp

Big Box Shopping

Sit-Down
Restaurant

Fast Food
Restaurant

Elementary School

3
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2.0

2.1

INTRODUCTION

INTRODUCTION

The Institute of Transportation Engineers (ITE) maintains a comprehensive manual that
outlines traffic and parking generation rates for a variety of land uses. The ITE trip and
parking generation manuals are considered to be the primary reference material for
estimating these generation properties for a variety of land uses. However, most of the
data sets used to compile these rates were collected in large cities, and in some cases, the
specific rates for certain land uses tend to either over or underestimate the experience of
smaller municipalities.
In Alberta, many smaller municipalities do not maintain a comprehensive data base of
traffic or parking generation rates, and so most default to the standard ITE rates which
may not always be applicable. As well, in some locations, municipalities defer to (or are
required to defer to) Alberta Infrastructure & Transportation (AIT) prescribed rates.
While in many cases the AIT rates are more relevant than ITE rates, there often remains a
substantial variance and implicit uncertainty regarding the actual situation.
As a general rule when undertaking traffic or parking studies in smaller towns or
municipalities, Bunt & Associates collects local data from similar existing land uses as an
aid in determining the most appropriate rates to be used for whatever land use happens to
be in question. However, in many cases cannot be undertaken if a similar use to the
proposed use is not available within the area.
This situation lends itself to a research project aimed at determining appropriate trip and
parking generation rates for a variety of common land uses found throughout rural
Alberta in smaller towns, municipalities, and municipal districts. The intent for this
particular research project was to organize a comprehensive data collection program, in
concert with the relevant stake holders, to obtain data that can be used with confidence by
transportation engineering professionals throughout Alberta and beyond in undertaking
traffic impact and parking studies. Knowledge of these values will also help smaller
municipalities to reassess their existing parking and site traffic requirements, and if
necessary adjust them to reflect the need of their towns. The result will allow the
appropriate traffic and parking generation rates to be used so that developments in
smaller centres provide the necessary accommodation of traffic and parking, and that the
over or under building of facilities can be minimized.

4
N:\Project Files\1122 C-TEP\01 Trip & Parking\C\Final Report\3-Final Report Logo.doc
22/12/2005
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2.2

SCOPE AND OBJECTIVES

As noted, the purpose of this study was to organize and implement a comprehensive data
collection program with necessary analysis to develop reasonable traffic and parking
generation rates for a series of selected land uses in rural or smaller-centre Alberta.
Specific objectives included the following:
•

Objective One: Identify appropriate stakeholders within Centre for
Transportation Engineering & Planning (CTEP), Alberta Infrastructure &
Transportation (AIT), and the Alberta Urban Municipalities Association
(AUMA), specifically members from centres of fewer than 15,000 people, and
work with this group to select 10 candidate land uses and 4 candidate sites per
land use for study. Specific activities included the following:
o

Acquire and review all available traffic and parking generation material
available for AIT and selected municipalities and municipal districts.

o

Identify specific stakeholders.

o

Contact stakeholders by way of an electronic survey to solicit their input
into the selection of land uses.

o

Select 10 land uses to be studied and re-circulate to identify appropriate
sites for data collection.

o

Summarize the proposed data collection program and circulate to the stake
holders for final comment prior to undertaking data collection.

As outlined in the proposed work program, Bunt & Associates focused its data
collection activities in a number of targeted centres (such as Olds or
Drumheller for example) so as take advantage of efficiencies by conducting
counts at multiple land uses within the same geographic area. As well, it was
Bunt & Associates’ view that the traffic and parking characteristics of land
uses in small centres will be similar, regardless of their location within Alberta.
For this reason and for reasons of basic economics, the majority of the data
collection efforts were focused on sites located within a 90 minute drive of
Calgary. It is noted that each data set included both AM and PM peak period
weekday traffic count data and peak parking occupancy count data.

5
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•

Objective Two: Undertake a comprehensive data collection program. Although
this was a straightforward task, it was considered to be the most labour
intensive. It is noted that given the limitations of budget, all traffic/parking
counts were based on single day manual count conducted by Bunt &
Associates’ field crew. The limitation of one spot count (one day of data) per
site introduced the potential for variance in the data sets due to the small
sample size. However, the data collected as part of this study allowed for the
pooling of different rates from different sizes of the same land use. This was
needed to develop relationships between trip/parking rates and other variables
such as floor area and number of employees. Automatic (hose) counts were
not economically feasible given the nature of the count programs (multiple
driveways etc.).

•

Objective Three: Once the data sets had been collected, Bunt & Associates
reviewed them for consistency using regression analysis and other statistical
tools as deemed appropriate by the nature of the sets. The analysis completed
as part of this objective identified three basic categories, as follows:
•

Land uses where changes in existing requirements are appropriate.

•

Land uses where existing requirements are adequate.

•

Land uses where further study is required.

In terms of analysis, minimum, average, maximum, 85th percentile, and in
some cases, the 33rd percentile rates were assessed as part of the analytical
exercise. Conclusions and recommendations were then developed based on the
analysis undertaken.
2.3

METHODOLOGY

Bunt & Associates’ approach to the development of traffic and parking generation rates
for the selected land uses was based on a combination of on-site data
collection/observations, statistical testing, past experience with similar land uses, and
engineering judgment. This process was applied in all cases, and with each of the two
survey methodologies utilized in the study (physical counts and mail back surveys). In
both cases, the estimation of the traffic and parking generation rates was based on the
relationship between vehicles and floor area (and/or by some other independent variable).

6
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2.3.1

Site Traffic Demand

Site traffic demand for a particular land use is typically based on the average number of
weekday trip ends (e.g., AM peak hour, PM peak hour, and Daily), and in some cases,
can be based on the peak weekend and/or seasonally adjusted. This approach is widely
accepted by most approving authorities and is typically based on either the national or
local rates. However, the underling assumption with this particular approach is that
subject land use is considered to exhibit characteristics that are similar and therefore
transferable, which may or may not be appropriate for direct application.
Although the standard (typical) rates are widely accepted and based on a broad data set
(e.g., the trip rates published in the ITE Trip Generation Manual 1 ), it recommended that
local trip generation data should be used where possible so as to reflect the local
conditions and characteristics associated with the land use under review, specifically
when the sample size is low and/or when the regression equation does not statistically
support the relationship between the trip generation and the independent variable (e.g.,
Gross Floor Area).
2.3.2

Parking Demand

The estimation of parking demand or parking needs for a particular land use is often
based on the Peak Parking Demand approach, which is based on the aggregated effects of
all parking characteristics. In other words, elements such as Town policy are inherently
incorporated into the Peak Parking Demand approach which seeks to ensure that the
maximum possible parking demand is covered. This approach is widely accepted, and as
such, the direct application of this approach would generally satisfy all critical parking
demands for all land uses under review.
The application of the Peak Parking Demand may result in a parking supply that is
required only occasionally, and this may create parking facilities that are inefficient in
terms of land consumption, cost and overall parking operations. Therefore, for certain
land uses it is more appropriate to develop parking demand requirements that reflect
parking activity that recurs on a more frequent basis, in other words, parking demand
based on a design hour/day. This is referred to here as Design Parking Demand.
The Design Parking Demand level will vary depending upon the land use under
consideration. Retail facilities such as shopping centres for example, are typically
designed on the basis of the 20th highest hour. By comparison, other land uses such as
offices might only require consideration of a 50th percentile demand given the
consistency in demand over the course of a year. In Bunt & Associates’ opinion, the
1

Trip Generation, Institute of Transportation Engineers, 7th Edition, Washington DC, 2003
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majority of land uses should be designed so as to accommodate the 85th percentile hour of
the overall parking demand. Data published by the Urban Land Institute (ULI) 2
recommends accommodating 85th percentile demand plus 5 to 10% to account for
occasional spike and inefficient uses of parking spaces especially in winter. Conversely,
it would also be desirable to design a parking facility to accommodate surges in demand.
2.3.3

Overall Study Approach

With the above in mind, Bunt & Associates undertook the review of the selected land
uses based the following approach:
•

Individual land uses were identified by the various municipalities for review as
part of the study.

•

Identify candidate site locations and verify whether-or-not the candidate sites
would be representative.

•

Collect traffic data for each land use through on-site driveway counts. Collect
parking data for each land use through one of the two stated methods (on-site
parking occupancy counts or mail-back surveys). Review the data sets so as to
establish the peak, average, and 85th percentile site traffic generation and peak
parking generation characteristics.

•

The trip and parking generation characteristics were then assessed based on a
series of statistical tests which was used to establish appropriate trip generation
ratios and parking ratios based on the degree of certainty of the data set.

•

The findings were then compared with Bunt & Associates’ data base as
collected in previous unrelated traffic studies in western Canada as well as
with data sets contained in industry publications and with known trip
generation information for rural Alberta.

•

A suggested parking supply requirement and trip generation rate was then
developed for each land use in question.

Bunt & Associates concluded that this approach would provide the necessary rational for
any of the rural based municipalities to consider the possible revisions of its current
parking requirement standards and/or site traffic requirements.

2

Davidson M. and Dolnick F. (2002) “Parking Standards “
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3.1

LAND USE SELECTION AND STUDY DESIGN

SELECTION OF LAND USES

As outlined in the proposed work program, one of the primary objectives was to organize
and collect all of the field survey data necessary to allow Bunt & Associates to
adequately assess the observed site traffic generation and peak parking demand
characteristics for existing land uses identified by the stakeholders as problematic and
therefore requiring evaluation.
In consultation with the review committee, Bunt & Associates generated a list of
municipalities throughout rural Alberta, and as well, a preliminary listing of land uses to
be surveyed. The selected municipalities were based on the overall population, level of
current development (i.e., areas exhibiting minimal growth were avoided), and proximity
to the Calgary area (i.e., within 90 minutes). Based on the above noted criteria,
approximately 20 municipalities were selected and contacted.
A total of 12
municipalities agreed to participate and provided input as so which land uses should be
reviewed. A total of 12 municipalities were selected to be possible locations for
candidate land uses and sites. The participating municipalities and corresponding
demographics are summarized in Table 3.1 and are illustrated in Exhibit 3.1.
Table 3.1: Participating Alberta-based Municipalities
Municipality

Current Population

Annual Development Activity ($)

Okotoks

11,664

$63,550,000

High River

9,522

$20,395,000

Cochrane

12,688

$36,244,000

Canmore1

11,458-14,221

$108,305,000

Banff

8,282

$6,742,000

Olds

6,607

$13,778,000

Sylvan Lake

8,504

$44,246,000

Didsbury

3,932

$11,757,000

Chestermere

6,861

$85,432,000

Strathmore

9,115

$30,359,000

Drumheller

7,785

$9,678,000

Innisfail

7,095

$13,513,000

Source: Alberta First. 1 population varies between winter and summer months

9
N:\Project Files\1122 C-TEP\01 Trip & Parking\C\Final Report\3-Final Report Logo.doc
22/12/2005

Sylvan Lake

December 19, 2005

RM

Olds
Innisfail
Didsbury
Drumheller
Banff
Strathmore
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Canmore
Chestermere
Cochrane

High River

Okotoks
1122-01
N.T.S.

C-TEP Trip and Parking Generation Study
Participating Municipalities

Exhibit

3.1

3.0 Land Use Selection and Study Design

Each municipality was then contacted and given the opportunity to identify land uses that
are of particular interest to them and/or require specific attention. Based on the various
input from the selected municipalities, Bunt & Associates focused on the following land
use categories:
•

Commercial (e.g., highway commercial, restaurants, retail shopping centre, big
box retail, food stores)

•

Residential (e.g., single family, multi-family, retirement communities)

•

Industrial/Manufacturing (e.g., light and heavy industrial uses)

•

Office (e.g., general, medical/dental)

•

Schools (e.g., elementary, junior high, high school)

The above-noted categories represent and/or are considered to be a reflection of the
current development permit activity being experienced by rural or smaller-centres in
Alberta.
3.2

SAMPLE SIZE DETERMINATION

Without statistical analysis, the development of conclusions and/or recommendation
associated with a particular data set cannot be drawn with any degree of certainty. As
such, understanding the limitations associated with a particular set of observations
(sample size) is critical to the overall analysis process.
It is generally believed that a minimum sample size of four (4) is needed to reduce the
effect of variability in the sample mean. Otherwise, if the data set is less the four points
the null hypothesis may be accepted when it should be rejected, resulting in a type 1
error. Where small samples are used, the Student t-Statistics is used to construct the
confidence interval. Student t-statistics provides a bigger spread for the same confidence
level than does normal distribution because it accounts for the variability in the data set.
With the above in mind, a minimum of four (4) data points were therefore collected for
each land use.
3.3

SITE SELECTION

From the selected land use categories a total of 10 land uses and four (4) candidate sites
per land use (for a total of 40 sites) were selected for study. Once these land uses were
identified, Bunt & Associates conducted on-site investigations between May 2005 and
June 2005 to determine whether-or-not the selected sites would provide the necessary
data needed to achieve the study objectives, both from both traffic and parking generation
perspectives. The specific land uses (including information regarding building specifics
11
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such as gross floor area), together with their corresponding sites, and the schedule of data
collection are summarized in Table 3.2 and Table 3.3.
Table 3.2: Selection Land Use
Land Use

Hotel

Residential
Dwellings
(detached)
Multi-Family
Dwellings

Elementary School

High School

General Office

Medical/Dental
Office
Highway
Commercial

Strip Mall (Retail)

Big Box Shopping

Sites
1. Canmore
2. Cochrane
3. Okotoks
4. Strathmore
1. Banff
2. Chestermere
3. High river
4. Okotoks
1. Banff
2. Canmore
3. Olds
4. Strathmore
1. Chestermere
2. High River
3. Strathmore
4. Sylvan Lake
1. Chestermere
2. High River
3. Okotoks
4. Sylvan Lake
1. Canmore
2. Cochrane
3. Didsbury
4. High River
1. Banff
2. Cochrane
3. Didsbury
4. Olds
1. Drumheller
2. Innisfail
3. Strathmore
1. Chestermere
2. Innisfail
3. Okotoks
4. Sylvan Lake
1. Cochrane
2. Drumheller
3. Okotoks
4. Sylvan Lake

Building Specifics
99 rooms /50 employees
82 rooms/8 employees
64 rooms/10 employees
49 rooms/5 employees
357 dwelling units
268 dwelling units
154 dwelling units
114 dwelling units
20 dwelling units
12 dwelling units
48 dwelling units
48 dwelling units
540 students/43 employees
297 students/32 employees
380 students/45 employees
345 students/25 employees
806 students/68 employees
690 students/51 employees
960 students/75 employees
540 students/40 employees
3,583 square metres (GFA)/76 employees
1,547 square metres GFA/67 employees
1,251 square metres (GFA)/30 employees
1,754 square metres (GFA)/30 employees
1,014 square metres (GFA)/25 employees
1,325 square metres (GFA)/43 employees
279 square metres (GFA)/10 employees
392 square metres (GFA)/14
5,440 square metres (GFA)
3,000 square metres (GFA)
8,020 square metres (GFA)
2,346 square metres (GFA)
6,775 square metres (GFA)
3,498 square metres (GFA)
2,000 square metres (GFA)
1,278 square metres (GFA)
4,268 square metres (GFA)
37,978 square metres (GFA)
5,000 square metres (GFA)
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Table 3.2: Selection Land Use – Continued
Land Use

Sites

Building Specifics

1. Banff
2. Canmore
Sit-Down Restaurant
3. Cochrane
4. Olds
1. Chestermere
Fast Food
2. Innisfail
Restaurant
3. Okotoks
4. Olds

400 square metres (GFA)/112 seats
660 square metres (GFA)/176 seats
440 square metres (GFA)/176 seats
307 square metres (GFA)/120 seats
136 square metres (GFA)/40 seats
236 square metres (GFA)/50 seats
298 square metres (GFA)/66 seats
186 square metres (GFA)/75 seats

Table 3.3: Data Collection Program Schedule
Land Use

Type of Survey

Month of
Survey

Day of Survey

Survey Period

Hotel

Physical count

August

Tuesday,
Wednesday and
Sunday

AM and PM

Residential
Dwellings

Physical count/
Mail back
survey

September
and October

Tuesday and
Thursday

AM and PM

High School

Physical count

September
and October

Monday and
Tuesday

AM and PM

Highway
Commercial

Physical count

August

Saturday

AM and PM

Multi-Family
Dwellings

Physical
count/Mail back
survey

September
and October

General Office

Physical count

Medical/Dental
Office

Physical count

Strip Mall (Retail)

Physical count

Big Box Shopping

Physical count

Sit-Down
Restaurant

Physical count

Fast Food
Restaurant

Physical count

July and
August

Elementary School

Physical count

September
and October

July to
October
July to
October

Tuesday,
Wednesday and
Thursday
Wednesday and
Thursday
Tuesday and
Thursday

July and
August

Tuesday and
Wednesday

AM and PM

July to
October
August to
October

Tuesday and
Wednesday

Am and PM

Tuesday

AM and PM

Tuesday,
Wednesday and
Thursday
Wednesday and
Thursday

AM and PM
AM and PM
AM and PM

AM and PM
AM and PM
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One of the primary study objectives was to gain an understanding of the current
utilization and/or current parking demand and site traffic generation characteristics for
each land use. To achieve this objective, Bunt & Associates carried out a physical count
program throughout the months of July through to October 2005. It is noted that the
selected days and corresponding survey times were based on Bunt & Associates past
experience with land uses that exhibited similar characteristics, though in some cases the
survey dates were limited by the schedule of the project. In other words, the selected
days and times were based on when the various land uses would exhibit its peak and/or
typical parking and site traffic generation characteristics.
3.4

PHYSICAL COUNT PROGRAM

Many of the land uses and sites identified through the selection process were best studied
through a physical count program which included a physical count of the number of
vehicles parked and entering/exiting the site during the identified peak periods (i.e.,
during the peak four-hour period for parking and AM and PM ‘street’ peak hours for the
site traffic generation). Expect for the residential land uses, this methodology was used
for all of the identified land uses. It is noted that each physical count (both parking and
site traffic) was tailored to the specific land use.
The site traffic generation counts were conducted every 15 minutes during the AM and
PM Peak Hour periods for each land use, for a typical weekday. The parking occupancy
counts were conducted every ½ hour during the expected peak periods for each land use,
and so different land uses were studied at different times of the day and days of the week
based on Bunt & Associates knowledge of site parking and site traffic generation
characteristics from previous studies. Approximately 47 physical counts covering 10
land uses were undertaken as part of this study, and a minimum of four sites were
surveyed per land use. In cases where the results of the surveys exhibited values that
were considered to be abnormal and/or skewed by external/internal influences, additional
counts were undertaken. The complete data set is summarized in the Appendix A.
3.5

MAIL BACK SURVEYS

To determine the appropriate parking generation rates for residential dwelling units (for
both single and multi-family), a comprehensive household questionnaire survey was
developed in order to ascertain the various relationships between car ownership, type of
dwelling and household characteristics. This process entailed the distribution of a short
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one page questionnaire to homes for return by pre-paid postage. The mail back process
therefore represented the most effective means to collect a large quantity of data. The
survey form utilized for this exercise is illustrated on Exhibit 3.2.
The household questionnaire survey was tailored for the residential component of the
study only. The mail-back survey was conducted during July and early September 2005.
As noted previously, the purpose for the survey was to determine what, if any
relationships existed between dwelling unit type, location, and vehicular ownership (and
therefore parking demand). The selected communities and total number of singlefamily/multifamily units surveyed are summarized in Table 3.4.
Table 3.4: Residential Questionnaire Summary
Single Family
Town

Multi-Family

Response

Total
Surveyed

Response

Total Surveyed

Banff

38

357

18

20

Canmore

0

0

1

12

Chestermere

61

268

0

0

High River

86

154

18

36

Strathmore

1

1

6

32

Olds

0

0

5

30

Okotoks

46

114

0

0

Total

232

893

48

130

A total of 280 questionnaires were completed and returned, representing an overall
response rate of approximately 27% which was considered to be well above the typical
response rate of 10% to 15% generally targeted for this type of questionnaire survey.
Based on the total returned and completed questionnaires, approximately 83% (232) of
the respondents (or sample) were single family related and the remaining 17% (48) were
multi-family related. The overall response rate for the single family related dwelling
units was approximately 26% and 37% for the multi-family related dwelling units.
Although a telephone survey had been considered for this task and although it would
have yielded very accurate results (based on personal interviews), the mail back survey
accommodated considerably greater coverage by area and with reduced expenditure of
Bunt & Associates resources (financial and labour) than would a telephone survey. The
specificity of the questions in the mail back survey allowed Bunt & Associates to be
comfortable with the accuracy of the results.
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Introduction
The Centre for Transportation Engineering and Planning (C-TEP) based in The University of Calgary is conducting
a study of parking requirements for various land uses in small towns in Alberta.
This survey includes questions about vehicle ownership and number of parking spaces required for those vehicles.
The data from the survey will help to determine the appropriate number of parking spaces required to service different types of residential land uses in small towns.
All individual responses will be confidential and anonymous.
Thank you for your co-operation.
General Information

(Office Use Only)

QA Which of the following best describes your home?
(Check one box)

Single family house
Semi-detached House
Duplex House
3-plex House
4-plex House
Townhouse
Apartment / Condo
Mobile Home
Other

A
B
C
D
E
F
G
H
I

Car Ownership and Parking
Q1 How many motor vehicles, in total, are owned or leased by permanent residents of # of cars
this household (and/or leased by a company/employer for a permanent resident of # of vans or pick-ups
this household)?
# of SUVs
# of motorcycles
(Write in the number of each type)
# of RVs
# other vehicles
IF NONE, GO TO Q3

1
2
3
4
5
6
7

Q2 Where are these vehicles usually parked overnight?
(Write in the number in each location)

On this property in a reserved parking stall
On this property in a non-reserved parking stall
Nearby on the street
Nearby in another parking lot in a reserved parking stall
Nearby in another parking lot in a non-reserved parking stall
At a remote location
Not parked overnight (in use)

8
9
10
11
12
13
14

Q3 How often do you have visitors?
(Check one box)

Daily
Weekly
Monthly
Other (please expand)

15

RM

16
17
18
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Q4 How many parking spaces, if any, do you typically require when you have visitors? Weekda ys - # of visitor parking spaces
Weekends- # of visitor parking spaces

19
20

(Write in the number of parking spaces required each night)
Household Information
Q5 How many permanent residents live in your household?
(Write in number in each age group)

# residents younger than 16 yrs
# residents 16 to 65 years
# residents older than 65

2
3

Q6 What is the approximate floor area of your house, apartment, or townhouse unit?
(Write in number in square feet)

Approx gross floor area

4

Q7 Indicate the number of bedrooms in your house, apartment, or townhouse unit,
and if you have a den.
(Check one box)

No bedrooms (Bachelor/studio)
No bedrooms (Bachelor/studio) with Den
1 bedroom
1 bedroom with Den
2 or more bedrooms
2 or more bedrooms with Den
Other

5
6

1

7
8
9
10
11

1122-01

C-TEP Trip and Parking Generation Study
Residential Parking Questionnaire

Exhibit

3.2

4.0

4.1

INDUSTRY REVIEW

INDUSTRY BEST PRACTICES

The primary purpose of this assessment to review and compare the current industry-based
practices (both from a site traffic and parking generation perspective) as practiced by other
Towns and through various published sources. This assessment was intended to identify
the differences between various sources of industry based data, and to identify issues in
need of adjustment based on this review, and as well based on the data collected as part of
study (i.e., the locally based site traffic and parking generation data).
4.1.1

Trip Generation Rates

Land uses generate person trips which with appropriate adjustments translate into vehicle
and non-vehicle trips. The Evansville Urban Transportation study (2001) 3 defines the
trip generation rate as the ratio of the number of daily trips or trip ends generated by or
attracted to a site per some measure or independent variable related to land use. As such,
the addition of new land uses (and/or expansion of existing uses) is expected to impact
the nearby roadway system, and with larger developments, these impacts typically extend
beyond the immediate site boundaries. These impacts have significant economic
implications (e.g., construction of new roadways, widening of existing roadways,
intersections upgrades, revisions to traffic control systems, etc…), and increase the cost
of development.
Decisions regarding future road/intersection improvements are primarily based on the
predication of traffic growth. As such, the estimation of traffic generation is of a
paramount importance. The Voice of Affordable Housing 4 is however of the opinion that
the trip rates used in Traffic Impact Analyses are often simplistic and statistically
unreliable. They are of the view that the current ITE trip rates and parking ratios
unnecessarily increase development cost. Shoup (2003) 5 in reviewing the trip generation
rates published by ITE concluded that since approximately half of the reported trip
generation rates are based on five (5) or fewer studies and approximately 23 percent are
based on a single study, using these trip generation rates as guides to design
3

City of Evansville (2001) Evansville Urban Transportation Study.
The Voice of Affordable Housing is a non-profit organization based in San Francisco
(www.nonprofithousing.org)

4

5

Shoup, D.C., 2003 “Truth in Transportation Planning”, Journal of Transportation Statistics, Volume 6

Number 1
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transportation system would result in planning for an auto-dependent city. In the case of
this research project, the data sets collected as part of this study were considered to be
local and addresses the socio-economic characteristics of rural areas, specifically in the
Alberta.
The most consulted source for trip generation rates for most land uses is the ITE Trip
Generation Manual. This manual provides both hourly and daily trip rates per some units
or variables. The Evansville Study concluded that although the ITE Trip Generation
Manual is the nationally accepted source for trip generation rates as they relate to specific
land uses, the rates were a function of the socioeconomic information of the community
from which the data was taken. In other words, direct application may not be appropriate
for land uses situated in Towns in rural Alberta.
4.1.2

Parking Ratios

It is argued that parking is the aesthetics of a vehicular trip. A vehicular trip effectively
starts and ends from a stop condition (i.e., a parking stall). Parking spaces require a
significant amount of land, which increases the cost of the development and reduces the
ability to develop other ancillary land uses (e.g., surface parking costs approximately
$10,000 per stall 6 to construct, structured parkades result in average costs of $25,000 per
stall and up to $50,000 per stall). In addition, excess parking wastes public investments,
consumes open spaces, requires large investments, and encourages vehicle ownership.
Parking is typically managed through the zoning process (or through the by-law) and/or
through some form of policy mechanism, with the primary focus on regulating the
parking requirements needed for a particular land uses. This raises the question: why has
parking planning been incorporated into the most Land Use By-laws, and why has it
shifted away from the traffic-engineering realm? As quoted, “parking requirements have
come about because communities believed that private developers, left to their own
initiatives, would not provide adequate off-street parking spaces. They were perceived as
a means of bringing parking supply and demand in balance” “Initially, zoning for
parking was designed to alleviate street congestion” 7
As quoted by Paul Bunt 8 “the lack of adequate training and/or knowledge leads to the
varied practices throughout the industry (e.g., parking requirements do vary from
municipality and are locally driven)”. Therefore, there is no consistency in the
application of these practices. Simply put, the application of parking is reactive and not a
6

Shoup, Donald C. The Trouble with Minimum Parking Requirements, Transportation Research Board
Part A Vol. 33:549-574.
7
ENO Foundation for Transportation, Parking, Westport Connecticut, 1990, p55
8
Enci 619.36 Advanced Transportation Engineering Topics, Parking Synopsis, Mike Furuya, Dr. John
Morrall, August 2003
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scientific process, and that the results from parking studies are very difficult to replicate,
which is a fundamental issue with most engineers (as we need order and structure). This
issue is compound, as both literature and the current practices of parking indicate that
there is no (weak at best) relationship between parking generation (planning) and parking
lot layout (design).
As mentioned, parking has been historically applied through the Land Use By-laws, and
has been generally the responsibility of the planner and/or architect making the
development permit application. In general, a parking study is only warranted if a
variance to the by-law requirements is expected and/or requested by the applicant. On
the other hand, if the parking requirements are met, then parking becomes a non-issue.
However, if the minimum by-law parking requirements are satisfied, it does not
necessarily guarantee that the peak parking demands will be met and/or will be reflective
of the typical parking characteristics of the land use of interest. As such, the parking
planner concedes to the fact that the by-law parking requirements are not representative
of the typical land uses.
4.2

LAND USE DESCRIPTIONS

The land uses reviewed in this particular section were limited to the land uses identified in
Section 3.0, and are summarized here.
•

Hotel

•

Residential Dwelling Units – Single Family and Multi-family

•

High School

•

Highway Commercial

•

General Office

•

Medical/Dental Office

•

Strip Mall Retail

•

Big Box Retail

•

Sit down Restaurant

•

Fast Food Restaurant

•

Elementary Schools
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4.2.1

Hotel

A hotel is defined as a place that provided temporary lodging for sleeping. These
facilities typically include ancillary uses such as restaurants, lounges, meeting/banquet
rooms, and other supporting uses such as a retail and service shops. The busy periods or
peak periods normally occur during the summer periods and can exhibit occupancy rates
above 90 percent during these peak periods. Weekends are typically the busiest periods
during the week. Based on ITE, the majority of the trip generation data is based on hotels
situated outside the central business district (i.e., in suburban areas).
4.2.2

Residential Dwelling Units

Single Family Residential
Single family is defined as a single family residential dwelling unit on an individual lot.
Past studies have confirmed that there is a high correlation vehicle ownership and
average trip and parking generation characteristics. Based on ITE, single family dwelling
units have the highest trip generation rate per dwelling unit of all residential related land
uses.
Multi-Family Residential
Multi-family is a generic term for a variety of multi-family related land uses. In most
cases, multi-family uses include triplexes, four-plexes, townhouses, apartments, and
condominiums, and the corresponding definition is based on the unit numbers units
and/or number of floors the multi-family residential building accommodates.
4.2.3

Schools

A school is defined as a place of instruction. For the purpose of this study, no
consideration was given to the operating body (e.g., public and/or separate). Both types
of the schools were assumed to exhibit similar traffic and parking generation
characteristics. The corresponding peak periods are typically outside the morning and
afternoon peak periods. Both Elementary and High Schools were reviewed as part of this
study.
Elementary School
In Alberta, elementary schools are normally for students from kindergarten to grade six.
Students are usually bused and/or pick-up/dropped off (i.e., there are no student drivers).
Other modes such as bicycle and walking are related to the proximity of the nearby
residential communities.
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High School
High schools are for students who have completed both elementary school and junior
high. In Alberta, students in grades 10 through to 12 are considered to be high school
students. Similar to elementary school, a variety of modes are used to get high school
students to/from school, which includes students driving themselves to/from school.
4.2.4

Highway Commercial

Highway commercial is not a specific land use, and is better defined as a zoning
category. In other words, highway commercial is defined as a mixed use site and
includes a wide variety of land uses such as restaurants, gas bars, truck stops, and hotels.
In most cases, theses types of uses are clustered into one area and situated near a major
highway.
4.2.5

General Office

There are various definitions for office, ranging from general to research and
development centres, as outlined in the ITE Trip and Parking Generation Manuals. For
the purpose of this study, Bunt & Associates focused on the general office land use. In
this case, general office is defined as a use that accommodates a number of tenants. Site
traffic generation typically coincides with the street peak hours (both morning and
afternoon). The peak parking occupancy usually occurs mid-morning for most general
office related uses.
4.2.6

Medical/Dental Office

A medical/dental office is more like a single tenant office that is limited to medical or
dental services. In most cases, treatment of patients is generally performed on-site. The
peak parking characteristics are similar (i.e., the peak parking times) to a typical office
land uses. However, the site traffic generation is typically lower when compared to the
general office uses.
4.2.7

Strip Mall Retail

Similar to the highway commercial, strip malls include a wide variety of retail uses. For
the purpose of this study, Bunt & Associates has deferred to ITE’s shopping centre
definition. As defined by ITE, ‘a shopping centre is a group of establishments that is
planned, developed, owned and managed as a unit’, and includes neighbourhood centres,
community centres, and regional shopping centres. In the rural Alberta case, it is
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assumed that the strip malls function more like a regional centre. It is noted that retail
related uses are sensitive to seasonally variation. In other words, the peak shopping
periods (such as Christmas) are normally the busiest periods of the year.
4.2.8

Big Box Retail

Big box retail is defined a free standing retail land use that provides a wide variety
products and services (i.e., large format warehouse-style stores) or can be limited to a
specific type of product (e.g., clothing). These retail land uses are typically part of larger
retail complex with their own dedicated parking areas. In most cases, one or two big box
uses function as the anchor tenant and is support with a variety of ancillary uses such as
restaurants and supporting retail. Similar to strip malls, theses particular uses are also
very sensitive to seasonally variation.
4.2.9

Sit Down Restaurants

Sit down restaurants are defined as full-service establishments, and do not have drivethough facilities. The experience for the majority of the patrons typically occurs over a
period of one hour or less. Based on ITE, this particular land use is defined as a high
turnover or family orientated restaurant. Friday evenings are normally the busiest periods
for these types of restaurants.
4.2.9

Fast Food Restaurants

Fast food restaurants are establishments designed to serve a high number of patrons. The
quick food service and drive through facilities are typical characteristics of fast food
restaurants. ITE defines fast food restaurants as either hamburger or non-hamburger.
Based on the current data, it is not clear as to which type of restaurant (i.e., hamburger or
non-hamburger) would exhibit the higher number of trip ends and/or require a higher
amount of the on-site parking supply.
4.3

TRIP GENERATION RATES

The results of the review confirmed that the ITE data base to be primary source of
information, in terms of both manuals and recently published papers regarding trip and
parking generation. With that in mind, the trip generation literature review was limited to
the ITE Trip Generation Manual and other ITE related papers available on the ITE
website.
The results of the site traffic generation review are summarized in Table 4.1.
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Table 4.1: Industry Site Traffic Generation Review – ITE Trip Rates
Land Use

Hotel

Single Family
Dwellings

High School

ITE Code

210

Multi-Family
Dwellings

220 to 232

720

Strip Mall
Retail

820

Big Box
Shopping

n/a

Sit-Down
Restaurant

Fast Food
Restaurant

Elementary
School

Average Rate

Range of
Rates

Standard
Deviation

0.56 per room
0.69 per employee

0.20 to 1.03
0.33 to 2.49

0.78
0.90

PM

25
13

0.59 per room
0.80 per employee

0.21 to 1.03
0.39 to 1.96

0.80
0.98

AM

274

0.75 per unit

0.33 to 2.27

0.90

PM

302

1.01 per unit

0.42 to 2.98

1.05

AM

62
52

0.41 per student
4.63 per employee

0.14 to 1.15
0.54 to 10.20

0.67
2.84

PM

34
24

0.41 per student
1.55 per employee

0.03 to 0.38
0.41 to 3.00

0.8
1.39

n/a

n/a

n/a

n/a

AM

4 to 78

0.30 to 0.67 per unit

0.06 to 1.61

0.55 to 0.83

PM

5 to 90

0.8 to 0.78 per unit

0.10 to 1.64

0.59 to 0.93

n/a

2

AM

217
163

1.55 per 93 m GFA
0.48 per employee

0.60 to 5.98
0.20 to 1.62

1.39
0.71

PM

235
173

1.49 per 93 m2 GFA
0.46 per employee

0.49 to 6.39
0.16 to 3.12

1.37
0.70

AM

21
10

2.48 per 93 m2 GFA
0.53 per employee

0.85 to 4.79
0.24 to 1.14

1.94
0.76

PM

41
15

3.72 per 93 m2 GFA
1.06 per employee

0.97 to 8.86
0.58 to 1.75

2.50
1.08

AM

98

1.03 per 93 m2 GLA

0.10 to 9.05

1.40

0.68 to 29.27

2.75

710

Medical/Dental
Office

Number of
Studies
20
13

530

n/a

Site Traffic Generation Rate

AM
310

Highway
Commercial

General Office

Time
Period

2

PM

407

n/a

n/a

n/a

n/a

n/a

AM

10
18

0.47 per seat
11.52 per 93 m2 GFA

0.30 to 0.76
2.83 to 25.60

0.70
6.75

PM

14
38

0.41 per seat
10.92 per 93 m2 GFA

0.14 to 1.73
2.80 to 62

0.75
9.39

AM

11
59

1.32 per seat
53.11 per 93 m2 GFA

0.18 to 3.12
6.54 to 163.33

1.41
27.51

PM

27
110

0.94 per seat
34.64 per 93 m2 GFA

0.26 to 2.23
8.15 to 117.15

1.16
20.15

AM

38
31

0.42 per student
5.19 per employee

0.11 to 0.92
1.22 to 9.50

0.68
3.30

PM

37
31

0.28 per student
3.45 per employee

0.09 to 0.50
1.03 to 6.68

0.54
2.27

932

934

520

3.76 per 93 m GLA
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4.4

PARKING GENERATION RATES

The review of the parking generation fall under two separate categories, 1) under the offstreet parking requirements as provided through the various Land Use By-Laws and 2)
through other sources of parking information such as the Institute of Transportation
Engineers (ITE) Parking Generation Manual 9 and other known parking literature
including but not limited to the Urban Land Institute (ULI), Transportation Research
Board (TRB), and Transportation Association of Canada (TAC). The results of the
parking industry review are summarized in Table 4.2 to Table 4.3
Table 4.2: Industry Parking Generation Review (ITE)
Land Use

Parking Generation Rate

ITE
Code

# of
Sites

Average Peak
Parking Demand

Hotel

310

14

0.91 per room

0.61to 1.94

1.14 per room

0.72 per room

Single Family
Dwellings

210

6

1.83 per unit

1.33 to 2.17

2.14 per unit

1.67 per unit

High School

530

8

0.26 per student

0.23 to 0.31

0.29 per student

0.23 per student

Highway
Commercial

N/A

N/A

N/A

N/A

N/A

N/A

Multi-Family
Dwellings

221
to 230

3 to 19

1.20 to 1.73 per unit

0.68 to 1.96

1.46 to 1.78 per unit

1.09 to 1.68 per unit

General Office

701

173
58

2.84 per 93 m2 GFA
0.83 per employee

0.86 to 5.58
0.52 to 1.35

3.44 per 93 m2 GFA
0.98 per employee

2.57 per 93 m2 GFA
0.76 per employee

Medical/
Dental Office

720

18

3.53 per 93 m2 GFA

2.34 to 5.35

4.30 per 93 m2 GFA

2.92 per 93 m2 GFA

Strip Mall*

820

82

4.74 per 93 m2 GLA

2.01 to 7.50

5.92 per 93 m2 GLA

4.23 per 93 m2 GLA

Big Box
Shopping

N/A

N/A

N/A

N/A

N/A

N/A

Sit-Down
Restaurant**

932

7
8

16.3 per 93 m2 GFA
0.47 per seat

11.3 to 21.9
0.26 to 0.76

20.4 per 93 m2 GFA
0.72 per seat

14.3 per 93 m2 GFA
0.35 per seat

Fast Food
Restaurant

934

8

12.4 per 93 m2 GFA

7.1 to 14.6

14.5 per 93 m2 GFA

13.1 per 93 m2 GFA

Elementary
School

520

6

0.28 per student

0.18 to 0.54

0.36 per student

0.19 per student

Range

85th Percentile

33rd Percentile

* Average Demand based on Saturday in December, ** Saturday Demand

9

Parking Generation, Institute of Transportation Engineers, 3rd Edition, Washington DC, 2004
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Table 4.3: By-Law Parking Requirement Review
Land Use

Parking Requirement Range
Maximum Rate

Minimum Rate

Average Rate

Hotel*

1/room

1/room

1/room

Single Family
Dwellings

2/unit

2/unit

2/unit

0.45/student

0.05/student

0.23/student

Multi-Family
Dwellings

2/unit

1.5/unit

1.89/unit

General Office

3.2/93 m2 GFA

1.86/93 m2 GFA

2.32/93 m2 GFA

Medical/
Dental Office

9.95/93 m2 GFA

2.51/93 m2 GFA

6.23/93 m2 GFA

Strip Mall

3.2/93 m2 GFA

1.86 /93m2 GFA

2.42/93 m2 GFA

0.33 seats

0.17 seats

0.25/ seats

0.10/student

0.05/student

0.09/student

High School
Highway
Commercial

Big Box
Shopping
Sit-Down
Restaurant
Fast Food
Restaurant
Elementary
School

* Some have additional requirements for employee parking.

4.5

DISCUSSION

The results of the review confirmed that the majority of the generation related research
has been focused on the traffic generation aspects. The number of studies undertaken for
the parking aspects is approximately seven (2791/411) times lower when compared to the
numbers studies undertaken for site traffic generation. Detailed discussions for select
land uses are presented in the sections that follow.
4.5.1

Big Box Retail

Big Box Retail land use is not defined as specific land use by ITE or by other
municipalities. Based on the majority of the by-law reviewed and published material, the
Big Box Retail format would apply to either the shopping centre or retail store land use
category (depending on the size of the development).
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Although not formalized summarized in the above tables, there are number of freestanding retail land uses that exhibit trip generation trip rates, as published in the ITE trip
generation manual (including supermarket, home improvement superstores, furniture
store, building material stores). The blended average PM Peak Hour trip generation rate
would be in the order of 3.10 trips per 93 sq m GFA. The results of the data collection
undertaken as part of this study suggested that the blended parking generation should be
in the order of 0.87 to 4.58 spaces per 93 sq m GFA. However, these rates are primarily
based on uses situated in the large urban cities. The result of the literature review
confirmed there was limited data for big box uses in a rural environment.
4.5.2

Highway Commercial

As mentioned, highway commercial refers to zoning designation, not a specific land use.
Highway commercial is not defined as specific land use by ITE or by other
municipalities. This type of zoning tends to produce sites that are mixed use. Hotels, gas
bars, restaurants, and convenience stores are typical land uses.
In most cases, the trip rate for this type of use is based on an aggregate value. Based on
past research, as published in the ITE Journal by Datta et al (1998) 10 the blended average
PM Peak Hour trip generation rate would be in the order of 56.2 trips per 1000 square
feet of gross floor area. The regression equation was given as:
Number of trips/hour = 4.26 x number of fuelling positions + 0.0193 x area of
fast food development + 1.53 x number of seats + 0.0084 x gross floor area +
44.43.
This regression equation was shown to have an R2 value of 0.83 and a standard error of
40.63. Currently, there is limited information regarding the expected parking generation
for this type of use. It is noted that the ITE reference was empirical and cannot be used
for all highway commercial developments.

10

Datta, T.K., Datta, S., and Nannapaneni, P. (1998). “The Trip Generation Model for Multi-Use Highway
Commercial Development” ITE Journal, February 1998.
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5.1

ANALYSIS OF EMPIRICAL DATA SETS

INTRODUCTION

Once the sites had been identified and the data collected, the analysis component of the
study could commence.
The main step in the analytical process included a
comprehensive statistical analysis applied to the empirical data sets to determine both the
validity of the individual data sets as well as to identify the Design Parking and Trip
Generation Demand for each land use. The specific tasks in the statistical analysis
included the following.
Regression Analysis (R2)
From a statistical perspective, the linear regression methodology is often the
preferred approach in the determination of the relationship between a set of
variables. In general the outcome resulting from the statistical analysis is an
understanding of the best estimate between a set of variables. This approach is
used when there is some inherent relationship between the dependant and
independent variables, and for the development of a predictive model. It is noted
that the linear regression approach is often used to estimate both parking and trip
generation rates, which in the case of parking is based on the independent variable
(e.g., floor area) and actual parking accumulation values, not parking rates.
In general, the application of the regression analysis methodology provides an
ability to evaluate the inherent variances that are usually associated with any
given data set. The correlation coefficient (R) is a measure of this variance, and is
usually expressed on a scale of -1 to +1. The closer the R-squared (R2) is to the
value plus one (+1), the better the correlation between the variables. For the
purpose of the study, Bunt & Associates used the R-squared results as one method
of assessing the data set variance.
Coefficient of Variation
Deriving the sample mean is one of the more obvious and useful methods of
assessing any data set. The sample mean is a numerical average of a set of
observations and/or sample, which in effect describes where the distribution is
centered. However, this approach does not address the variability of a given data
set. Therefore, the assessment of the sample variability is an important aspect of
any data set evaluation.
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With this in mind, the assessment of a standard deviation is one approach of
measuring this variability. However, this variability must be measured in relation
to the average value. The coefficient of variation measures the precision of the
result of a data set. It is computed by dividing the standard deviation with the
mean value and expressed as a percentage. The closer the percentage is to zero the
better is the data set from which the average is computed.
T-Distribution
Statistical analysis includes a variety of different distributions which can be
applied for specific circumstances. One of these, the T-distribution, is typically
used when the sample size of a data set is modest in size (less than 30 points), as
was the case for the physical counts in this study. The T-distribution analysis is
generally used in comparative assessments, that is, in assessments used to
determine whether or not the means from multiple samples are significantly
different.
In this study, the T-distribution was used to determine if the sample mean (the
numerical average of the peak parking rates observed for the data sets) was indeed
representative of the data set. In other words, each of the calculated peak parking
rates were tested against the sample mean based on a 95th percentile confidence
level. If the majority (three or more of the typical four data sets per land use) of
the observed rates were within the stated 95th percentile confidence level, then the
sample was deemed representative of the data set. In other words, the average of
the observed peak parking rates for the data set was confirmed to be the
appropriate parking ratio for that land use.
In this analysis, a two-tailed t test was used. The test hypotheses are: (1) the mean
represents the data set and (2) the does not represent the data set. Since the sample
size is 4, the degree freedom is 3 and the critical t value is plus or minus 3.182 for
a 95% confidence level (alpha = 0.05). The mean will be considered to represent
the data set when the calculated t value falls between minus 3.182 and plus 3.182.
The mean is considered not representative of the data set when it’s calculate t
value is less than minus 3.182 or greater than 3.182. The statistical analysis was
used to complement the observed maximum, minimum and average values
observed within the data sets. This process and the results are summarized for
each individual data collection process in the sections that follow.
The complete data sets collected for all of the land uses under review are summarized in
the Appendix.
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5.2

ANALYSIS OF PHYSICAL COUNTS

5.2.1

Site Traffic Generation

The overall results for the physical count program and the associated statistical analysis
are summarized here in Table 5.1. The results of the individual assessments (i.e., for
each land use) are summarized in the Appendix B.
Table 5.1: Observed Site Traffic and Statistical Analysis (Physical Counts)
Land Use

T Test

R2

Coefficient of
Variation (%)

Site Traffic Rates
Average

Range

Standard
Deviation

Hotel (per room)

2.62/2.29

0.40/0.60

36/42

0.36/0.33

0.23-0.53/
0.16-0.49

0.13/0.14

Residential
Dwellings (per unit)

2.15/1.94

0.04/0.05

44/43

0.62/0.76

0.26-0.91/
0.31-1.08

0.27/0.33

High School (per
student)

1.8 /2.8

0.85/0.69

22/19

0.45/0.26

0.31-0.54/
0.22-0.33

0.10/0.05

Highway
Commercial (per 93
m2 GFA)

1.6/2.0

0.76/0.34

35/26

2.56/4.21

1.56-3.28/
3.11-5.30

0.90/1.09

Multi-Family
Dwellings (per unit)

2.67/2.20

0.75/0.36

53/57

0.34/0.51

0.15-0.58/
0.21-0.83

0.18/0.29

General Office (per
93 m2 GFA)

2.58/2.46

0.50/0.65

29/35

1.82/2.23

1.22-2.49/
1.27-3.20

0.52/0.79

Medical/Dental
Office (per 93 m2
GFA)

2.32/2.40

0.08/0.02

73/74

9.19/8.42

1.65-17/
2.11-15.88

6.74/6.21

Strip Mall (per 93
m2 GFA)

2.93/2.06

0.25/0.08

48/39

2.83/4.03

1.74-4.84/
1.89-5.64

1.37/1.56

Big Box Shopping
(per 93 m2 GFA)

2.24/2.31

0.85/0.94

63/71

1.99/2.52

0.75-3.40/
0.87- 4.58

1.26/1.78

Sit-Down
Restaurant

2.50/2.78

0.42/0.10

40/72

0.3/0.25

0.15-0.45/
0.10-0.50

0.12/0.18

Fast Food
Restaurant (per seat)

2.51/1.67

0.94/0.74

68/29

0.93/0.83

0.23-1.72/
0.50-1.03

0.63/0.24

Elementary
School(per student)

3.00/1.85

0.05/0.07

29/52

0.42/0.25

0.30-0.60/
0.10-0.37

0.12/0.13

xx/xx (AM/PM). The T test is a two tailed test with alpha of 0.05. The null hypothesis is; the mean is
representative of the peak values and the alternate hypothesis is; the mean does not represent the peak
value. The critical t value is 3.182 and the degree of freedom is 3.

29
N:\Project Files\1122 C-TEP\01 Trip & Parking\C\Final Report\3-Final Report Logo.doc
22/12/2005

5.0 Analysis of Empirical Data Sets

5.2.2

Parking Generation

The overall results for the physical count program and the associated statistical analysis
are summarized here in Table 5.2. The results of the individual assessments (i.e., for
each land use) are summarized in the Appendix C.
Table 5.2: Observed Parking Demand and Statistical Analysis (Physical Counts)
Land Use
Hotel (per room)
Residential Dwellings
High School
(per student)
Highway Commercial
(per 93 m2 GFA)
Multi-Family
Dwellings
General Office
(per 93m2)

Parking Rates

T Test

R2

Coefficient of
Variation (%)

Average

Range

85th
Percentile

33rd
Percentile

2.53

0.4

32

0.47

0.33-0.66

0.60

0.37

See mail back
1.5

0.71

22

0.18

0.14-0.22

0.21

0.16

2.36

0.94

25

0.89

0.75-1.15

1.04

0.77

See mail back
2.84

0.75

30

1.52

1.11-2.16

1.86

1.32

Medical/Dental
Office (per 93 m2)

1.76

0.95

36

5.31

3.30-7.0

6.96

4.02

Strip Mall
(per 93m2)

2.04

0.16

41

1.13

0.55-1.61

1.51

0.94

Big Box Shopping

1.61

0.97

63

0.73

0.15-1.10

1.09

0.57

Sit-Down Restaurant
(per seat)

2.96

0.37

114

0.22

0.05-0.59

0.39

0.08

Fast Food Restaurant
(per seat)

2.61

0.48

56

0.23

0.11-0.40

0.33

0.17

Elementary School
(per student)

3.33

0.02

25

0.12

0.09-0.17

0.15

0.12
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5.3

ANALYSIS OF MAIL BACK SURVEYS

The results of residential parking analysis included the parking needs for both the
residents and, in the case of multi-family condominiums and townhouses, visitors.
Individual parking requirements for the defined dwelling unit types were analyzed based
on the returned and completed questionnaires. Given the absence of necessary variables,
the R-squared statistical test was not utilized for the large mail-back survey data sets, and
neither was the T-distribution analysis. Rather, the sheer size of the data sets allowed for
the assessment based on variances calculated as per the 95th Percentile, 85th Percentile,
and average values.
The overall summary of the analysis is outlined in Table 5.3. The results of the
individual assessments (i.e., for each land use) are summarized in the Appendix D.
Table 5.3: Summary of Residential Parking Analysis
Estimated Parking Demand
Residential
Zone

Stalls per unit
th

rd

Avg

85

33

Single Family

1.85

1.91

1.80

Multi-Family

1.42

1.83

1.17

5.4

Stalls per Bedroom
Number of
Bedrooms

Avg

1

th

rd

85

33

1.5

1.85

1.33

2 or more

2.47

2.75

2.40

1

1.07

1.14

1.00

2 or more

1.68

2.23

1.39

Visitor
Parking
0.95
0.73

COMPARATIVE ANALYSIS

The results of the physical count and mail back questionnaire programs were then
compared to the typical values published in the various trip and parking generation
manuals, as summarized in Section 4.0. As outlined in Objective 3, the results of the
comparative analysis were intended to place the land uses under review into one of three
possible categorizes:
1.

Land uses where changes in existing requirements are appropriate,

2.

Land uses where existing requirements are adequate, and

3.

Land uses where further study is required.

The results of the overall review are summarized in Table 5.4 and Table 5.5.
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Table 5.4: Comparative Assessment – Site Traffic Generation
Land Use

Average

Range

Empirical data Set
Std Dev

Average

Range

Std Dev

AM

0.56/room
0.69/emp

0.20-1.03
0.33-2.49

0.78
0.90

0.36/room
2.64/emp

0.23-0.53
0.60-5.20

0.13
1.90

PM

0.59/room
0.80/emp

0.21-1.03
0.39-1.96

0.80
0.98

0.33/room
2.61/emp

0.16-0.49
0.32-4.80

0.14
1.85

AM

0.78/unit

0.33-2.27

0.90

0.62/unit

0.26-0.91

0.27

PM

1.01/unit

0.42-2.98

1.05

0.76/unit

0.31-1.08

0.33

AM

0.41/stu
4.63/emp

0.14- 1.15
0.54-10.20

0.67
2.84

0.45/stu
5.75/emp

0.31-0.54
4.18-7.27

0.10
1.29

PM

0.41/stu
1.55/emp

0.03 -0.38
0.41 -3.00

0.8
1.39

0.26/stu
3.43/emp

0.22-0.33
2.62- 4.41

0.05
0.76

AM

N/A

N/A

N/A

2.56/93 m2 GFA

1.56-3.28

0.90

Hotel

Residential
Dwellings

Industry Based

Time
Period

High School

Highway
Commercial

PM

N/A

N/A

N/A

4.21/93 m GFA

3.11-5.30

1.09

0.30-0.67 per unit

0.06 - 1.61

0.550.83

0.34/unit

0.15-0.58

0.18

0.8-0.78 per unit

0.10 to 1.64

0.59 0.93

0.51/unit

0.21-0.83

0.29

AM

1.55/93 m2 GFA
0.48/emp

0.60-5.98
0.20-1.62

1.39
0.71

1.82/93 m2 GFA
0.86/emp

1.22-2.49
0.45-1.57

0.52
0.49

PM

1.49/93 m2 GFA
0.46/emp

0.49-6.39
0.16-3.12

1.37
0.70

2.23/ 93 m2 GFA
1.01/emp

1.27-3.20
0.55-1.43

0.79
0.47

AM

2.48/93 m2 GFA
0.53/emp

0.85-4.79
0.24-1.14

1.94
0.76

9.19/93 m2 GFA
2.87/emp

1.65-17
0.72-5.10

6.74
1.91

PM

3.72/93 m2 GFA
1.06/emp

0.97-8.86
0.58-1.75

2.50
1.08

8.42/93 m2 GFA
2.64/emp

2.11-15.88
0.92-4.79

6.21
1.75

AM

1.03/93 m2 GLA

0.10-9.05

1.40

2.83/93 m2 GFA

AM
Multi-Family
Dwellings

PM

General Office

Medical/Denta
l Office

Strip Mall
PM
Big Box
Shopping

Sit-Down
Restaurant

Fast Food
Restaurant

Elementary
School

2

2

3.76 per 93 m GLA

0.68- 29.27

2.75

1.74-4.84

1.37

2

1.89-5.64

1.56

2

4.03/93 m GFA

AM

N/A

N/A

N/A

1.99/93 m GFA

0.75-3.40

1.26

PM

N/A

N/A

N/A

2.52/93 m2 GFA

0.87-4.58

1.78

AM

0.47/seat
11.52/93 m2 GFA

0.30- 0.76
2.83-25.60

0.70
6.75

0.30/seat
7.36/93 m2 GFA

0.15-0.45
4.73-12.05

0.12
3.3

PM

0.41/ seat
10.92/ 93 m2 GFA

0.14-1.73
2.80-62

0.75
9.39

0.25/seat
5.63/93 m2 GFA

0.10-0.50
2.56-9.38

0.18
2.81

AM

1.32/seat
53.11/93 m2 GFA

0.18- 3.12
6.54-163.33

1.41
27.51

0.93/seat
26.58/93m2 GFA

0.23-1.72
6.15-64.50

0.63
26.08

PM

0.94/seat
34.64/93 m2 GFA

0.26 -2.23
8.15- 117.15

1.16
20.15

0.83/seat
21.15/93m2 GFA

0.50-1.03
13.68-30.00

0.24
6.74

AM

0.42/stu
5.19/emp

0.11 - 0.92
1.22 - 9.50

0.68
3.30

0.42/stu
4.74/emp

0.30-0.60
3.27-8.24

0.12
2.34

PM

0.28/stu
3.45/emp

0.09 - 0.50
1.03 - 6.68

0.54
2.27

0.25/stu
2.75/emp

1.10-0.37
1.30-5.16

0.13
1.75
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Table 5.5: Comparative Assessment – Parking Generation
Industry Based

Empirical Data Sets

By-Law
Parking
Requirement

Average

85
Percentile

33
Percentile

Average

85th
Percentile

33rd
Percentile

Hotel (per room)

1.0

0.91

1.14

0.72

0.47

0.60

0.37

Residential
Dwellings/unit

2.0

1.83

2.14

1.67

1.85

1.91

1.80

High School/
student

0.23

0.26

0.29

0.23

0.18

0.21

0.16

Highway
Commercial/93 m2
GFA

N/A

N/A

N/A

N/A

0.89

1.04

0.77

Multi-Family
Dwellings/unit

1.89

1.46

1.62

1.39

1.42

1.83

1.17

General Office/ 93
m2

2.32

2.84

3.44

2.57

1.52

1.86

1.32

General Office/
employee

NA

0.83

0.98

0.76

0.64

0.69

0.66

Medical/Dental
Office/93 m2

6.23

3.53

4.30

2.92

5.31

6.96

4.02

Strip Mall/93m2
GFA

2.42

4.74

5.92

4.23

1.13

1.51

0.94

Big Box
Shopping/93m2

N/A

N/A

N/A

N/A

0.73

1.09

0.57

Sit-Down
Restaurant/seat

0.25

0.47

0.72

0.35

0.22

0.39

0.08

Sit-Down
Restaurant/93 m2
GFA

NA

16.3

20.4

14.3

3.99

5.76

3.15

Fast Food
Restaurant/seat

NA

0.52

0.77

0.37

0.23

0.33

0.17

Fast Food
Restaurant/93 m2
GFA

NA

12.4

14.5

13.1

6.67

10.40

4.70

Elementary
School/student

0.09

0.28

0.36

0.19

0.12

0.15

0.12

Land Use

th

rd

In addition to the overall review, Bunt & Associates undertook a series of statistical test
ascertain whether-or-not the results of the empirical data sets were indeed statistically
significantly different from the published ITE data. The following statistical tests were
undertaken.
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Difference between means: The difference between the averages reported by ITE and
those observed in this study were tested using t distribution where the combined data
set is small and normal distribution where the combined data set is large. The
difference is considered significant when the calculated t or z values are larger than
the critical t or z value
Confidence interval: A 95% confidence interval was constructed around the means
of the observed data to obtain a range of values within which the observed values
could fall. The ITE values were then tested to see whether they fall within the
calculated 95% confidence interval. If the ITE value falls within the confidence
interval, the difference between the observed value and the ITE values are
considered not statistically significant. If the ITE value falls outside the 95%
confidence interval, the difference is considered significant. If the 95% confidence
interval indicates a negative range, the difference is considered inconclusive because
parking ratios and trip rates are expected to have positive values.
The intent of this exercise was to determine if the data sets were comparable or not
comparable to the typically published data, both from a parking and site generation
perspective. The results of the statistical analysis for the parking characteristics are
summarized in Table 5.6, and the results of the site traffic generation statistical analysis
are summarized in Table 5.7 and Table 5.8.
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5.0 Analysis of Empirical Data Sets

Table 5.6: Comparative Assessment – Statistical Analysis (Parking Demand)
Significant Testing of Empirical Data Sets
Land Use

Difference
of two
means (t)

Difference at
95%
confidence
level

95%
Confidence
interval of
the mean

Range

Recommendation

Hotel

5.59

Significant

0.23-0.61

Significant

Use local data

Residential
Dwellings

0.14

Not
Significant

1.77-1.93

Not
Significant

Use ITE

High School/
student

2.74

Significant

0.12-0.24

Significant

Use local data

Highway
Commercial

N/A

N/A

N/A

Use local data

Multi-Family
Dwellings

0.24

Not
Significant

1.03-1.81

Not
Significant

Use ITE

General Office /
93 m2 GFA

5.70

Significant

0.80-2.23

Significant

Use local data

General Office
per employee

4.56

Significant

0.53-0.75

Significant

Use local data

Medical/
Dental Office

1.81

Not
Significant

2.26-8.36

Not
significant

Use ITE

Strip Mall

13.40

Significant

0.38-1.88

Significant

Use local data

Big Box Shopping

N/A

N/A

N/A

Use local data

Sit-Down
Restaurant/
93 m2 GFA

6.63

Significant

Significant

Use local data

Sit-Down
Restaurant/seat

1.71

Not significant

N/A

N/A

Further study

Fast Food
Restaurant/
93 m2 GFA

1.96

Not significant

N/A

N/A

Further study

Fast Food
Restaurant/seat

2.64

Not significant

0.02-0.44

Significant

Further study

Elementary School

3.97

Significant

0.07-0.17

Significant

Use local data

N/A

N/A
0.57-7.41
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5.0 Analysis of Empirical Data Sets

Table 5.7: Comparative Assessment – Statistical Analysis (AM Site Traffic)
Significant Testing of Empirical Data Sets
Land Use

Difference
of two
means (t)

Difference
at 95%
confidence
level

Hotel/room

1.07

Not
significant

Hotel/employee

1.98

Not
significant

Single Family/unit

1.1

Not
significant

High School/student

0.41

High School
PM/employee

95%
Confidence
interval of
the mean

Range

Recommendation

Not
Significant

Use ITE

inconclusive

Further study

0.19-1.05

Not
Significant

Use ITE

Not
significant

0.29-0.61

Not
Significant

Use ITE

3.96

Significant

2.22-4.64

Significant

Use local data

Highway Commercial

N/A

N/A

N/A

N/A

Use local data

Multi-Family
Dwellings per unit

1.26

Not
Significant

0.05-0.63

Not
significant

Use ITE

General Office /93 m2
GFA

0.98

Not
Significant

0.99-2.65

Not
significant

Use ITE

General Office
/employee

1.51

Not
Significant

0.08-1.64

Not
Significant

Use ITE

Medical/Dental
Office/93 m2 GFA

1.98

Not
Significant

Inconclusive

Further study

Medical/Dental Office
/employee

2.38

Significant

Inconclusive

Further study

Strip Mall/
93 m2 GFA

2.17

Significant

0.35-5.31

Not
significant

Further study

Big Box Shopping

N/A

N/A

N/A

N/A

Use local data

Sit-Down Restaurant/
93 m2 GFA

1.81

Not
Significant

2.11-12.61

Not
Significant

Use ITE

Sit-Down Restaurant
(AM)/seat

0.74

Not
Significant

0.11-0.49

Not
Significant

Use ITE

Fast Food Restaurant/
93 m2 GFA

1.96

Not
Significant

Inconclusive

Further study

Fast Food
Restaurant/seat

0.74

Not
Significant

Inconclusive

Further study

Elementary School/
student

0.00

Not
Significant

0.23-0.61

Not
significant

Use ITE

Elementary School/
employee

0.34

Not
Significant

1.02-8.46

Not
significant

Use ITE

0.15-0.57
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5.0 Analysis of Empirical Data Sets

Table 5.8: Comparative Assessment – Statistical Analysis (PM Site Traffic)
Significant Testing of Empirical Data Sets
Difference
of two
means (t)

Difference at
95% confidence
level

95%
Confidence
interval of
the mean

Hotel / room

1.49

Not significant

0.11-0.55

Hotel / employee

1.88

Not significant

Single Family/
unit

1.42

Not significant

High School/
student

1.07

High School/
employee

Land Use

Range

Recommendation

Significant

Further study

inconclusive

Further study

0.23-1.29

Not Significant

Use ITE

Not significant

0.18-0.34

Significant

Further study

3.96

Significant

2.22-4.64

Significant

Use local data

Highway
Commercial

N/A

N/A

N/A

N/A

Use local data

Multi-Family
Dwellings per
unit

1.69

Not Significant

0.05-0.97

Not Significant

Use ITE

General Office
/93m2 GFA

1.83

Not Significant

0.97-3.49

Not significant

Use ITE

General Office/
employee

2.28

Significant

0.26-1.76

Not Significant

Further study

Medical/
Dental Office
/93m2 GFA

1.50

Not Significant

N/A

Inconclusive

Further study

Medical/Dental
Office/employee

2.04

Not Significant

0.46-4.82

Not significant

Use ITE

Strip Mall/93 m2
GFA

3.59

Significant

3.79-4.27

Significant

Use local data

Big Box
Shopping

N/A

N/A

N/A

N/A

Use local data

Sit-Down
Restaurant/93 m2
GFA

2.55

Significant

1.16-10.10

Significant

Use local data

Sit-Down
Restaurant /seat

0.73

Not Significant

N/A

Inconclusive

Further study

Fast Food
Restaurant/93 m2
GFA

3.48

Significant

N/A

Inconclusive

Further study

Fast Food
Restaurant/seat

0.43

Not Significant

0.45-1.21

Not significant

Use ITE

Elementary
School/student

0.27

Not Significant

0.04-0.46

Not significant

Use ITE

Elementary
School/student

0.73

Not Significant

N/A

Inconclusive

Further study
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6.0

6.1

CONCLUSIONS & RECOMMENDATIONS

CONCLUSIONS AND RECOMMENDATIONS

Bunt & Associates developed a number of conclusions and recommendations based on
the result of the empirical and comparative assessments. In summary, Bunt & Associates
concluded that the values published in the ITE Trip Generation Manual would be
appropriate for the majority of the land surveyed/studies as part of this research project,
specifically for uses that exhibit a large sample size. However, this is not the case for the
parking characteristics, as the use of local data appears to represent a more accurate
approach in terms of being representative of actual observed conditions. The selected trip
and parking rates along with the Bunt & Associates overall recommendation are
summarized in Table 6.1 and Table 6.2.
Table 6.1: Recommended Parking Generation Rate
Industry Based
Land Use

Recommendation

th

Empirical Data Sets
rd

Average

85
Percentile

33
Percentile

Average

85th
Percentile

33rd
Percentile

Hotel (per room)

Use local data

0.91

1.14

0.72

0.47

0.60

0.37

Residential
Dwellings/unit

Use ITE

1.83

2.14

1.67

1.85

1.91

1.80

High School/
student

Use local data

0.26

0.29

0.23

0.18

0.21

0.16

Highway
Commercial

Use local data

0.89

1.04

0.77

Multi-Family
Dwellings/unit

Use ITE

1.46

1.62

1.39

1.42

1.83

1.17

General Office/
93 m2

Use local data

2.84

3.44

2.57

1.52

1.86

1.32

General Office/
employee

Use local data

0.83

0.98

0.76

0.64

0.69

0.66

Medical/Dental
Office/93 m2

Use ITE

3.53

4.30

2.92

5.31

6.96

4.02

Strip Mall/93m2

Use local data

4.74

5.92

4.23

1.13

1.51

0.94

Big Box
Shopping/93m2

Use local data

0.73

1.09

0.57

Sit-Down
Restaurant/seat

Use local data

0.47

0.72

0.35

0.22

0.39

0.08

Sit-Down
Restaurant/93 m2
GFA

Further study

16.3

20.4

14.3

3.99

5.76

3.15

Fast Food
Restaurant/seat

Further study

0.52

0.77

0.37

0.23

0.33

0.17

Fast Food
Restaurant/93 m2
GFA

Further study

12.4

14.5

13.1

6.67

10.40

4.70

Elementary
School/student

Use local data

0.28

0.36

0.19

0.12

0.15

0.12
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Table 6.2: Recommended Site Traffic Generation Rate
Land Use

Hotel

Residential
Dwellings

High School

Highway
Commercial
Multi-Family
Dwellings

General Office

Medical/
Dental Office

Strip Mall

Recommendation

Time Period

Industry (ITE)

Empirical Average

Use ITE
Further study

AM

0.56/room
0.69/emp

0.36/room
2.64/emp

Further study
Further study

PM

0.59/room
0.80/emp

0.33/room
2.61/emp

Use ITE

AM

0.78/unit

0.62/unit

Use ITE

PM

1.01/unit

0.76/unit

Use ITE
Use local data

AM

0.41/stu
4.63/emp

0.45/stu
5.75/emp

Further study
Use local data

PM

0.41/stu
1.55/emp

0.26/stu
3.43/emp

Use local data

AM

N/A

2.56/93 m2 GFA

Use local data

PM

N/A

4.21/93 m2 GFA

Use ITE

AM

0.30-0.67 per unit

0.34/unit

Use ITE

PM

0.8-0.78 per unit

0.51/unit

Use ITE
Use ITE

AM

1.55/93 m2 GFA
0.48/emp

1.82/93 m2 GFA
0.86/emp

Use ITE
Further study

PM

1.49/93 m2 GFA
0.46/emp

2.23/ 93 m2 GFA
1.01/emp

Further study
Further study

AM

2.48/93 m2 GFA
0.53/emp

9.19/93 m2 GFA
2.87/emp

Use local data

PM

3.72/93 m2 GFA
1.06/emp

8.42/93 m2 GFA
2.64/emp

Further study

AM

1.03/93 m2 GLA

2.83/93 m2 GFA

Further study
Use ITE

PM

3.76 per 93 m2 GLA

4.03/93 m2 GFA

Use local dada

AM

N/A

1.99/93 m2 GFA

Use local data

PM

N/A

2.52/93 m2 GFA

Use ITE
Use ITE

AM

0.47/seat
11.52/93 m2 GFA

0.30/seat
7.36/93 m2 GFA

Further study
Use local data

PM

0.41/ seat
10.92/ 93 m2 GFA

0.25/seat
5.63/93 m2 GFA

Further study
Further Study

AM

1.32/seat
53.11/93 m2 GFA

0.93/seat
26.58/93m2 GFA

Use ITE
Further Study

PM

0.94/seat
34.64/93 m2 GFA

0.83/seat
21.15/93m2 GFA

Use ITE
Use ITE

AM

0.42/stu
5.19/emp

0.42/stu
4.74/emp

Use ITE
Further Study

PM

0.28/stu
3.45/emp

0.25/stu
2.75/emp

Big Box Shopping

Sit-Down
Restaurant

Fast Food
Restaurant

Elementary School
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