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Opening Thought

Make no small plans,
…. they have no magic.

Daniel Burnham

Source: Adapted from“Free Advice”, 
Florida Planning Magazine March 2001
Bill Reads and David Gollick



Opening Thought

Make no big plans either, they 
won’t get approved.  

Something in the middle is nice.
Bill Reads and David Golick

Source: Adapted from“Free Advice”, 
Florida Planning Magazine March 2001
Bill Reads and David Gollick



Major Areas of Concern
Trip generation
Trip reduction factors
Peaking characteristics
Modeling
Extreme variables
Pedestrian access
Trends



Trip Generation

Simple trip generation 
calculation needed 
even when the large 
scale models are 
used. 

Large scale regional models are 
not

intended for small areas.

Large scale regional models are 
not

intended for small areas.



Simple Trip Generation Example

Daily Trip Generation Rate for a Single 
Family Home = 10
10 Homes being built 

(called “Dwelling Units”)
Homes are the “Independent Variable”
How many daily trips do we project?



Trip Generation
Report

and use of the 7th Edition 
ITE Trip Generation Report and 
Handbook



ITE Trip Generation Report 
Not a Manual

National data – Florida, Arizona and 
California, played big role
Suburban locations with little or no transit
Some small sample sizes for new (though 
important) uses

Discount clubs (861)
Stand-alone drug stores (881)

May not work downtown



ITE Trip Generation Report

Fifth 
Edition

7.4 lbs.
$21.50/lb.

Sixth 
Edition

$23.00/lb.
But: you 
also need the 
“Handbook” 
at $90 extra

Thanks to: David Muntean

Seventh
Edition

9.75 lbs.
$275
$28.21/lbs
.



• A trip end is a single or one-direction vehicle movement 
with either  the origin or destination (exiting or entering) 
inside the study site.

What is a Trip End?

Number of trips that come in or go 
out of a development 

(Volume at Driveways)

one trip two trips







Vehicle Trips (ITE) vs. Person Trips

ITE Trips

1 Vehicle Trip 1 Vehicle Trip 

Person Trips

5 Person Trips5 Person Trips



• Traffic is counted at 
each entrance of a 
certain land use.

How Are Trip Generation                   
Rates Determined?

1000

1,000

10,000 sq ft 
store

250 employees

Traffic is then 
studied  in relation to 
the size of certain 
“independent 
variables.”

Tube laid



The Tubes



Not This



But this



Sample Page                          
From ITE



1 2 3 4 5 6 7
8 9 10 11 12 13 14

15 16 17 18 19 20 21

22 23 24 25 26 27 28
29 30 31

SUN MON TUE WED THU FRI SAT

The ITE Manual Also Has Some 
Data On:
• Saturday
• Sunday
• Christmas Holiday Season

The ITE Manual Also Has Some 
Data On:
• Saturday
• Sunday
• Christmas Holiday Season

What is Meant by “Daily Trips”?

For our use, we usually                 
mean the number of             
WEEKDAY TRIPS.



Land Use
(ITE Code) 

Independent 
Variable

Time Period

Trip Generation  
Rate

6.72



Independent Variable

Time Period

Trip Generation  Rate



Independent 
Variable

Each “X” is a 
study

Calculated 
Trips



Independent 
Variable

Each “X” is a 
study

Calculated 
Trips



Apartment – Daily graph



Someone is proposing an 
apartment complex with 100 
dwelling units.  
Using the average trip rate, what 
are the estimated daily trips?

______  X  ____   = _____________
What if there were 250 units?

______  X  ____   = _____________

Trip Generation Problem #1

Units           Rate                Trips



Someone is proposing an 
apartment complex with 100 
dwelling units.  
Using the average trip rate, what 
are the estimated daily trips?

______  X  ____   = _____________6.72100 672
What if there were 250 units?

______  X  ____   = _____________6.72250 1,680

Trip Generation Problem #1

Units           Rate                Trips



Apartment 
PM PEAK 
Adjacent Street 
Traffic



Apartment 
PM PEAK 
Adjacent Street 
Traffic



What’s Peak Hour?



Generator vs. Adjacent Street 
Traffic



Think About It
If a major church was proposed, 

what would be your 
critical analysis hour?

AM weekday 
adjacent street? 
PM Weekday
Sunday
Other?







______  X  ____   = _____________

______  X  ____   = _____________

______  X  ____   = _____________

enter

exit

Someone is proposing an apartment 
complex 
with 100 dwelling units.  
What would be the peak hour directional
trips for the PM Peak Hour of adjacent 
street traffic?

Units       Rate                Trips

Trip Generation Problem # 2

Trips       Distribution     Trips



______  X  ____   = _____________.62100 62

______  X  ____   = _____________.6562 (40.3)

______  X  ____   = _____________.3562 22

enter

exit

Someone is proposing an apartment 
complex with 100 dwelling units.  
What would be the 
peak hour directional trips for the PM 
Peak Hour of adjacent street traffic?

Units       Rate                Trips

Trip Generation Problem # 2

Trips       Distribution     Trips
40

(21.7)



PM Peak Hour Trips Aren’t 
Always Equal

See peaking characteristics
Shopping Center (820)

202,400 sq.ft  = 1,000 Peak Hour trips 
480 in
520 out

General Office (710 )
821,300 sq.ft = 1,000 Peak Hour trips

170 in
830 out



PM Peak Hour Trips Aren’t 
Always Equal

office

O
ffice

170 830

S
hopping

520

S
hopping

480



Think About It
When would a 
major office 
development 
have the most 
impact on the 
surrounding road 
system?



Best Independent Variables





Maximum Number of Vehicles that 
can be Fueled Simultaneously.

Maximum Number of Vehicles that 
can be Fueled Simultaneously.

What’s a  Fueling Position?



Convenience Market – Applicant Claimed 4 
Fueling Positions and 138 Daily Trips



Has the Analyst “Shopped” for 
the Trip Generation Rate?



Specialty Retail
Compared



Specialty Retail vs. Shopping 
Center
Shopping Center (820)
407 studies
379,000 sq.ft. Gross 

Leasable 
average

Rate in PM Peak = 
3.75

Specialty Retail Center (814)
5 studies
69,000 sq.ft. Gross Leasable 

average

Rate in PM Peak = 2.71

Read the Descriptions in the  ITE Report



Read Descriptions –
Full of Information



Offices Using Different Independent 
Variable

Business Park (770)
28 acres average
379,000 sq.ft. Gross Floor Area average

average density = 379/28= 14K sq.ft. per acre

An analyst could hide trips by using 
“acres” if the development was higher than 
the average



Size Does Matter
1

2
3

4
67

8
5

12

9
10

11

Convenient 
Market

100,000 ft2

Shopping Center
1.5 Million ft2 

Mall

Trips per 1,000 ft 2(PM
 

Peak)

35

7

3

Generally, the larger any use 
becomes the fewer number of 
trips generated per square 
foot.



Which to Use: 
Rates or Equations?

Compare trips equation and rate   
ITE only provides equations for studies 
with enough data
Consider the “unknowns”

out parcels
new land uses

ITE Handbook has more guidance



1
2
3

4
67

8
5

12

9
10

11

Convenient 
Market

100,000 ft2

Shopping Center
1.5 Million ft2 

Mall

Trips per 1,000 ft 2(P
M

 
P

eak)

35

7

3

Does Size Really Matter?
Generally, the Larger Any Use 
Becomes the Fewer Number of Trips 
Generated Per Square Foot.



Shopping 
Center



Shopping Center



Shopping 
Center



How to Read the Fitted Curve 
Equation and Determine Trips 
Without a Scientific Calculator or 
Excel

Rate

Equation

1 Million Square Feet

Approx. 2,800 peak hour trips



What the Formulas Look Like in Excel

PM Peak Shopping Center
PM Peak =EXP(0.66*LN(TSF)+3.40)

PM Peak Office 
PM Peak = (1.12*(TSF)+78.81)



What about “Bubble” maps of 
development?

2.5 Million SqFt
Commercial

= 2.5 Million SqFt
Commercial

2.5 Million SqFt
Commercial = 1 Mill.

SqFt

Or

1.5 Mill.
SqFt

Smaller
sites



Trip Generation Problem #3
Someone is proposing a shopping center = 
150,000 square feet
What would be the projected PM Peak Hour of 
adjacent street traffic?

Use Average Rate:  
Units       Rate          Trips
______  X  ____   = _____________

______  X  ____   = _____________Avg. Rate

Using Equation Line

What if the mall were to be 1.5 
million square feet?

Units       Rate                Trips



Trip Generation Problem #3
Someone is proposing a shopping center = 
150,000 square feet
What would be the projected PM Peak Hour of 
adjacent street traffic?

Use Average Rate:
Units       Rate          Trips

______  X  ____   = _____________3.75150 563

______  X  ____   = _____________3.751,500 5,625

3,700

Avg. Rate

Using Equation Line

What if the mall were to be 1.5 
million square feet?

Units       Rate                Trips



Trip Reduction?  
Parking Reduction?

University of California Transportation Center: 
Access  Number 12  Spring 1998



http://www.uctc.net/access/access12.pdf

CONCLUSION
As New Urbanists suggest, traditional shopping areas generate more walking than is
usually associated with shopping trips. However, they also attract a significant number of 
customers who don’t live in the adjacent residential area and who drive there. Even those 
living in adjacent residential areas may drive, especially if they’re grocery shopping.
Despite this high frequency of walking, the promise of less automobile traffic is not 
realized. Counts and surveys taken during average (not major) shopping days reveal 
levels of traffic and parking demand in excess of comparable standards for peak demand.



Is Internal Capture 
Over Optimistic?



Is Internal Capture 
Optimistic?

Work

Shopping

Home

Studies Have Shown That Internal 
Capture Rates Have Not Been As 

High As Expected by Their Developers

Studies Have Shown That Internal 
Capture Rates Have Not Been As 

High As Expected by Their Developers

Development
Boundary

Some Developments Are So Large and Diverse 
That Trips Are Served Internally





Read Descriptions



Internal Capture 
New Procedure-
ITE Handbook

Match of both ends of internal trips
Don’t use a “stock” percentage

Office Retail



ITE Handbook pencil method...

•Lookup of data
•A minimum of 21 user data entry items for 3 land uses



Example - ITE Handbook







Are Pass-by Trips Over 
Estimated?



What’s a Pass-By Trip?

Commercial Location

Origin Destination



From ITE Handbook
Pass-by for Shopping Centers



Are Pass-by Trips Over Predicted?

The smaller and more “convenience-oriented” a 
business is, the higher the proportion of trips generated 
that are already on the road.

Gasoline /Convenience Mkts ITE #845

45 - 80% (measured - but use caution)

Shopping Center ITE #820

20% and more (measured - but use caution)

Source: ITE Trip Generation, Handbook  Oct 1998



Florida’s Site Impact Handbook Gives 
Guidance for Large Developments

•Pass-by based on type and size of retail space
•Generally, the number of pass-by trips should 
not exceed:

•10 percent of the adjacent street traffic during 
peak hour  or   
•25 percent of project’s external trip generation if 
it is a large scale development



Don’t Count Twice,
It’s not alright

Trip Generation
- Internal Capture
= External Trip Generation

- Pass-By Trips (% of External)
= New External Trip Generation

If internal capture is considered:
Use internal capture first; 
then apply pass-by percentages to 

shopping external trips only







Think About It
If everything else is correct, 

what should be the 
answer for the 10% 
pass by reduction

Hint: It’s not 46



Driveway Traffic Will Include 
All Of The Pass By Traffic

1000

1,000
Beware when 
analyzing 
driveways: 
analysis must 
include pass-
by trips in 
driveway 
volumes.



Los Angeles     298.41San Diego         632.12

Access Magazine – Spring 2002

Distance from San Francisco to San Diego? 
1. Roughly 400 to 500 miles?
2. Or, 632.12 miles?



What you need to Know 
About Trip Generation

Simple trip generation is always needed
Trip Generation studies are estimates

Don’t be fooled by the precision
ITE’s Trip Generation methods may not work 
downtown
Read the descriptions of the ITE Report
Be skeptical of major trip reductions until more 
studies are done 
Don’t use a “stock” percentage for internalization



What you need to Know 
About Trip Generation



Most Frequently Used Trip 
Generation  Rates From the 
7th Edition ITE Trip 
Generation Report

gary.sokolow@dot.state.fl.us















Any Questions?



Avoid Blind Reliance On 
Extreme Variables And Trends

Left Turn Bays on 2 Lane Roadways



Harmelink Method for Left Turn Lanes 
(Early 1960s)

Based on delay – Not Safety
Used the term “Warrant”
Assumes precise knowledge of the future



From AASHTO
Adapted from 
Harmelink



Arvida Communities



Summer Camp Home Page



Commercial Pod



Commercial Node on US 98

Commercial 
Node





PM Peak 
Traffic for the 
Commercial 
Pod









Trip Generation 133 Units





Methods to Determine Left Turns in 
the Future

Left Turns



Projections



What Can Go Wrong With 
Projections?



What Can Go Wrong With 
Projections?

In 1977 there were 48 
Elvis Impersonators
In 1996 There were 
7,328
If this rate of Growth 
continues;
One out of 4 people in 
2012 will be an  Elvis 
impersonator



US 98 Destin Florida Early 1990s



Same Location 5 Years Later



Pedestrian Access and 
Interaction with the Site



Vergil Stover’s Principle of Site Design



Don’t Forget Pedestrians, Cyclists and 
Bus Patrons

Sidewalks into the site 
On both sides of the driveway

Pedestrian paths to the buildings and shops
Sight distance issues at driveways and bus 
stops
Secure and reasonable bike parking



Modeling Concerns



Raw Model Output



Have Trips Been Directly Projected 
From the Model?

For site analysis even large scale models need 
adjustment based on ITE ratesDon’t do it



Large Scale Models  vs.
ITE Trip Generation
Which is better for Site Impact Analysis?

Large Scale Models - Designed to estimate 
Daily metro area-wide travel 

ITE Trip Generation Report
Designed to estimate trips from specific uses

Data for peak hours



Large Scale Models vs. ITE Trip Gen
Which is better for Site Impact Analysis?

Large Scale Models
Not “Trips” for employment sites. but “Attractions,” 

Measure of relative attractiveness
Only 3 employment types used 

(Industrial,Service,and Commercial)

“ Productions” are home side of this equation

ITE Trip Generation Report
Calculates average number of trips generated   by different land uses.
Hundreds of uses - updated frequently 



Productions and Attractions
Are Balanced

“ Productions” are used on the 
home and population side and they 
are “balanced” for these
Total trips will be controlled by the 
number of people so that 
development will share

This has a tendency to “water down” 
individual site impacts



It’s Better to Use the Strength of Both 
Methods

Large Scale Models
Strength - distribution and assignment 
of traffic

ITE Trip Generation Report
No distribution help



Link Distribution Percentage Method

Raw Model Output 



Were Models Used to Determine 
Internal Capture?

Caution:  size (land area) of TAZs and 
length of centroid connectors are the prime 
determinants of intrazonal trips in FSUTMS.  
(Longer centroid link = more intrazonal trips)

Q. Are large scale models the best method for 
internal trip estimates?

A. Models are only a tool that may help in a 
manual determination of internal trips.



Has the study used the 
“With vs. Without” method?

Selected Zone Analysis
Single model run with two-purpose trip table
Purpose 1 = Total Trips, Purpose 2 = DRI Trips

“With & Without” Methodology
Two model runs, one with development in place, the other 
with DRI zonal data “zeroed” out
Link volumes for “without” run subtracted from “with” run, 
yielding net impact of development



UNACCEPTABLE

With and Without Method



“With & Without” Problem

Equilibrium highway assessment capacity 
restraint equation diverts trips, often resulting 
in virtually no change in traffic volumes

Developer: So, what! Diversion occurs in the real 
world. We should only be required to mitigate for net 
impact of the development.



Peaking Characteristics



Is Your Existing Traffic Right?

Typical Daily Traffic is not Average Annual 
Daily Traffic (AADT)
Peak-to-Daily Ratios are not the same as K 
factors



Average Annual Daily Traffic 
(AADT)

Not the same as “typical day”
One year’s traffic
divided by 365 days

That’s 8,760 hours
Usually estimated through nearby permanent count station 

with weekly 
seasonal and 
axle correction factors.



K 100 Peaking Factor

K100
Planning Analysis Hour Factor

•The 100th-highest hourly volume of 
the year divided by the AADT
•NOT a typical peak-to-daily ratio

See: LOS Handbook  Chapter 4.5



Peak To Daily Ratio is not K
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K Factors for One Road
One Year’s Counts Sorted

8,760 hours



Minimum Acceptable K100



Directional Distribution Factor - D

Minimum 52.0 Percent
Average 56.8 Percent



Directional Hourly Volumes

x K30 x D30 = Design

AADT     x K100 x D100 = Planning

For Design:

For Planning:

Directional 
Hourly Volume

Directional 
Hourly Volume



Level of Service Analysis



LOS Analysis
New Model and 
Handbook







Do certain developments really 
support multi-modal mobility?

Do you see a commitment for:
Transit
Ridesharing
Parking policies
Pedestrian improvements



Are the LOS Studies Using Over 
Optimistic Factors?

Check FDOT LOS Handbook for maximums
Use the published LOS Tables to give a review 
of realistic factors

they are on the back of tables



Hint: Published Assumptions on Back of Table



Are There Too Many Left Turns 
to Use Our LOS Tables and 
Programs?



The Planning Assumption
Left Turns Are Out of the Way
Main Route, Non-
Through Movements 
Are Accommodated

Lefts (Main and Side) Side 
Street Through 
Movements



Left Turns Are Out of the Way
The Planning Assumption

Don’t be afraid to 
use the full Highway 
Capacity Software

Take into account 
queues

Can be strung 
together for arterial 
analysis



Unsignalized Intersection LOS

Use a big “grain of salt”
Almost any side-street or driveway on a major 
highway will be unacceptable LOS

This is especially true where left turns out are 
allowed



Your Stories?  
Questions? 
Comments?



Permits and Related 
Approvals



Approved Study or Development 
Order (D.O.) Is Not a Permit

Driveways and streets still need Permit
Traffic signals still need warrant study
Involve Permit staff early



Does the Development Order contain 
a new Interchange?

New interchange in Development Order (D.O.) Is not
a factor in approval

Let applicants know this “up front”
D.O. should state what development is allowed,  if the 
interchange is not approved
Funding commitment may be more than called for in 
the D.O.



Some Critical Points

Read descriptions in ITE Trip Generation Report
Don’t assume a “stock” internal capture

Look at both ends of the internal trip
Don’t take traffic numbers directly out of a model
Typical peak to daily ratio is not K
Use FDOT guides for reasonable traffic factors
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