6 FUTURE YEAR FORECASTING

6.1 Purpose

Design Hour Volumes (DHV) are used for ODOT planning and project level analyses.
These are based on the existing year volumes developed in Chapter 5. The DHV is
generally defined as the future year 30" highest hour (30 HV). Depending on scope and
complexity of the analysis, different future methodologies are needed from simple
historical trends to complex travel demand models. This chapter will outline the
procedures for developing DHV and future Average Daily Traffic (ADT) used for ODOT
planning and project level analysis. In addition, the processes for developing pavement
design traffic volumes are also discussed. Future design hour volumes are a key input in
following analysis steps and methodologies explored in later chapters. For more details
on many of the methods in this chapter also refer to NCHRP Report 765.

6.2 General Considerations

The DHYV typically controls the design of the project or represents a planning horizon
year such as in a Transportation System Plan (TSP). These volumes can either be for no-
build or build conditions. If a travel demand model is available for a study area, that is
the preferred tool for future forecasting. If the study area is within a metropolitan area,
then it is a federal requirement that a travel demand model is used.

6.2.1 Rounding

The DHV’s need to be rounded before the network is balanced. The traffic volumes are
not that precise to go down to one vehicle, especially considering projections that may be
out 20 plus years. Balancing the network is easier if the network is not down to the
individual vehicle. Future years five or ten years out should be rounded to the nearest five
vehicles. Twenty-year future volumes can either be rounded to the nearest five or ten
vehicles. Volumes less than five vehicles should use the “<5” symbol instead of using
Zero.

6.2.2 Need for Balancing

The DHV networks need to be balanced, even more so than with the existing conditions.
Small differences in the existing year can become large differences in future years. Future
planned changes in the network or land use remove the ability to use relationships
between the obtained traffic counts as multiple growth rates are likely in effect. For areas
that have travel demand models, balancing is critical to the success of post-processing.
Refer to Section 5.3.2 for additional details on the balancing techniques.
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6.2.3 Documentation

It is critical that after every step in the DHV process that all the assumptions and factors
are carefully documented, preferably on the graphical figures themselves. While the
existing year volume development is relatively similar across types of studies, the future
year volume development can go in several different directions with varying amounts of
documentation needed. Growth factors, trip generation, land use changes are some of the
items that need to be documented. If all is documented, then anyone can easily review the
work or pick up on it quickly without questioning what the assumptions were. The
documentation figures will eventually end up in the final report or in the technical
appendix. The volume documentation should include:

e Figures/spreadsheets showing starting volumes (30 HV)

e Figures/spreadsheets showing growth factors, cumulative analysis factors, or
travel demand model post-processing.

e Figures/spreadsheets showing unbalanced DHV

e Figure(s) showing balanced future year DHV. See Exhibit 6-1

e Notes on how future volumes were developed:

o Ifhistorical trends were used, cite the source.

o If the cumulative method was used, include a land use map, information
that documents trip generation, distribution, assignment, in-process trips,
and through movement (or background) growth.

o Ifatravel demand model was used, post-processing methods should be
specified, model scenario assumptions described, and the base and future
year model runs should be attached.
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Exhibit 6-1 Balanced Future Year DHV Figure _
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6.3 Determining the Future Year(s)

The analyst should work with the region project leader/planner ideally during the scoping
phase to determine the future year before beginning any future year forecasting. The
future year determination is typically documented in a methodology and assumptions
memorandum in addition to the overall scope of work/work plan.

The design hour that is used for many projects is 20 years after the year of project
opening. It can be a considerable period between when the traffic analysis is completed
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and when the project is completed. Environmental documents (EA/EIS), Final design and
approvals, permits, environmental clearances, right-of-way purchases, and funding
availability/STIP programming, may add anywhere from two to five years before a
project starts the construction phase. Depending on the project complexity, construction
may take anywhere from one to multiple years with phases.

In planning, a 20-year horizon is typically used when evaluating transportation needs and
solutions. Future horizon years should be, at a minimum, 20 years after the estimated
plan completion/adoption year. This is typically two years after the plan starts. For
refinement and other similar plans, the horizon year should be 25 to 30 years out, which
would increase the life of the plan, especially if the project development process does not
directly follow. Existing policies may determine the planning horizon such as the
Transportation Planning Rule. Transportation Impact Analysis (or Study) (TTIA/TIS)
horizon year procedures are provided in the Development Review Guidelines.

Many times, additional future years are necessary beyond just the typical 20-year future.
In projects, the year of opening (build year) plus interim future years may be needed to
support project phases or environmental air/noise/energy analyses. For example, if a
project base year is 2011, its build year could be 2014, a 10-year future year would be
2024, and the project future (design) year would be 2034. This would mean three separate
future years to be developed by the analyst.

For TSP’s, build years are not typically done, but there may be interim years to support
Urban Growth Boundary (UGB) expansions or to maintain consistency with adopted
plans. For example, a TSP refinement plan with an existing conditions year of 2011 may
have a 2025 year to stay consistent with the earlier TSP but would still have a 2033
planning horizon year for a 20-year life beyond adoption.

Refinement plans that will be directly supporting later project development efforts will
typically have the year of opening (build year) and future years. Planning efforts with
three or more years between the plan and the start of a following project generally do not
need build year analyses as the traffic analysis will likely need to be redone anyway.

Care should be taken to not extend the horizon year beyond the normal accuracy level.
The limits of detailed analysis go out to about 30 years; anything beyond this is an
estimation/approximation. If a travel demand model is used, five years is the limit of
extrapolation beyond the model future year. If a project/plan requires more than five
years, then the model needs to be updated, which typically involves creating a new future
year (reference year) for the model. Contact TPAU or modeling staff in Metro for the
Portland metropolitan area, Mid- Willamette Valley Council of Governments
(MWVCOG) for the Salem-Keizer metropolitan area, and the Lane Council of
Governments (LCOG) for the Eugene-Springfield metropolitan area immediately if a
model update seems necessary. In some cases, if the travel demand model area is slow
growing, the extrapolation limit can be longer.
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To support planning for a future in which some motor vehicles are no longer human-
driven, but instead are connected and automated vehicles (CAVs), Appendix 6B includes
guidance on adjusting the future capacity of freeway segments and facilities,
roundabouts, and signalized intersections in planning scenarios where CAVs are assumed
to be part of the traffic stream. This guidance is based on methods presented in the HCM,
which were developed by a multi-state pooled-fund study led by ODOT.

As of 2022, no vehicles were available commercially that met the definition of a
CAV for the purposes of an HCM analysis (i.e., a vehicle with an operating
cooperative adaptive cruise control system that is capable of communicating with
other vehicles and driving without human intervention in any situation). The
capacity adjustment process presented in Appendix 6B is intended for use only in
longer-range planning analyses.

@ Because CAVs are not yet commercially available, capacity adjustments for CAVs
should not be made in near-term analyses such as traffic impact studies.

6.4 Growth Patterns

Different growth pattern types can all be present in a study area. There can be areas of
fast growth (i.e. next to an urban fringe interchange), steady growth, or slowing growth
(infill). Growth can be negative over the short or long term (i.e. recessions, declining
industries, migration, or competition with nearby areas). The analyst must have
knowledge of the study area to make the proper future year assumptions. The typical
long-term growth curve can be a combination of three conditions on the overall timeline
(see Exhibit 6-2). For instance, for the first 5 years the growth is exponential
(compound), the next 10 years is linear, but in the last 5 years the growth is declining.
Growth curves can also be estimated by using a combination of differently sloped lines
(piecewise, such as linear with different growth rates).
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Exhibit 6-2 Traffic Volume Growth Types

Volume

Declining

Exponential
Compound

Years

Exponential Growth (Compound) — An exponential increase in traffic volumes,
typically associated with brand new growth in an area that has plenty of land and
road capacity. Exponential growth predicts the future volume for a given year
based on a percentage of growth from the previous year. This is typically limited
to five years or less. Use of an exponential curve over a prolonged period can
seriously overestimate future growth.

Future Volume = Base Year Volume (1 + Growth Rate)Number of Years
Volumery = Volumegy x (1 + Gr)FY-BY)

Where:

Gr = Geometric growth rate
FY = Future year

BY = Base Year

This method is not generally recommended unless it can be supported by data.

Linear Growth - Linear increase in traffic volumes over time. This method
assumes a constant amount of growth in each year and does not consider a
capacity restraint. Areas that have or will likely have capacity constraints should
use the declining growth curve shown below as long as there is sufficient
evidence of a potential change. In many cases a linear growth rate is used since
often there is insufficient data to support use of a more specific type of curve.
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Future Volume = GF x Base Year Volume, or
Volumery = GF x Volumepy

Where:
GF = Growth Factor =1 + (G x N)
G = Linear annual growth rate, expressed as a decimal, calculated
per Section 6.5
N = Years beyond the base year
FY = Future year
BY = Base Year

¢ Declining Growth (Logistic) - Growth tapers off as land approaches built-out
status and capacity of roadways. Future growth is mainly contributed by growth
in background (through) traffic.

_ VoC
Vo-i-(C—Vo)e'rt

Where:
t=time (years)
V= the volume at time t
Vo = the initial volume at time 0
C= capacity (maximum sustainable volume)
r=rate of volume growth when volume is very small compared to the capacity.

C (capacity) is defined as service flow or saturation flow per lane. For interstates,
multilane highways, and two-lane highways, it would be the maximum service flow
at level of service (LOS) E. Signalized arterials would start with the ideal saturation
flow which is reduced to the actual saturation flow with a few basic parameters as
shown in the Highway Capacity Manual (HCM) . Alternatively, the capacity
estimator in the Highway Design Manual (HDM) Section 1207 can be used and then
use a characteristic K-factor to convert to an hourly value or can leave everything as
ADTs (so C is an ADT-based value instead of hourly).

Once a “C” is found, then use the FVT/model to project linearly as a test to see if C is
exceeded within the design/planning horizon or close (no more than 30-40 yrs.). If
volumes exceed or get close to C then this curve would be used instead of linear. This
would be the curve to use for future no-build. For the build, a determination would
have to be made of the potential change in C. A significant increase in capacity may
result in a linear relationship while a small change may affect it only a little in which
the same curve could be used but with a higher C value. Use of this curve may
indicate that there is peak spreading effects in play (see Chapter 8).

Estimates for rate (r) are done for the linear portion of the curve, so they can be
based from the Future Volume Tables (see Section 6.5) or from a travel demand

Analysis Procedures Manual Version 2 6-7 Last Updated 05/2025



model. Growth rates have to be large enough over time (t) to be affected by the
capacity value so the curve will flatten out. Small growth rates may never reach the
capacity level so the curve will remain linear.

Exhibit 6-2 shows the three types of curves, starting off as exponential (compound),
transitioning to linear, and then to declining growth.

6.5 Historical Trends

The historical trends method uses traffic volumes from previous years to project future
volumes. This method assumes that the future growth trend will be similar to the
historical trend. It is used mainly in rural or small urban areas where significant growth is
not anticipated. Current and future year traffic volumes are available on the Future
Volumes Table webpage. More detail on the Future Volume table structure is in Section
5.5. If desired, different growth curves can be used on historical trend data if the overall
trend does not seem to be linecar. Most of the time, the differences between alternate
growth curves and the linear growth curve are small and not worth the effort to create the
trend.

Certain areas may be in long-term decline with negative growth rates. It is not generally
appropriate to forecast a long-term negative linear growth rate as many areas could result
in a zero or an unrealistically low volume before the horizon year is reached. A
conservative method is to assume no growth (base year = future year). It may be
warranted to do a detailed investigation of the past trends to see if a different growth
curve should be used. TPAU has data on past trends (20+ years) on the state highway
system and can help with these types of issues.

Recessions/economic downturns can cause short-term dips in growth trends. It is possible
to have a short-term low, none, or negative growth while still maintaining a long-term
positive growth. Short- term recessions have little effect on a long-term analysis. Longer
term recessions or slow growth periods need to be reviewed to make sure that the
analysis is not starting from the low point (could underestimate volumes) or is projecting
off the high point (could overestimate future volumes). These kinds of situations typically
require a sensitivity or “bookend” type of analysis where both conditions are analyzed.
While the terms, “growth rates” and “growth factors” appear to be interchangeable, they
are not. Growth rates are decimal percentages versions of the yearly percentage growth.
For example, if the growth rate is 2.5% per year, this would be 0.025. Growth factors are
used in calculations and may represent one or more years (i.e. 1.025). Adding a “1” will
convert a growth rate into a factor. It is important to remember when to convert or not.
When converting multiple year growth factors into a single growth rate, make sure to
remove the “1” before dividing (See Example 6-1). The basic growth rate and factor
equations are shown below:

Growth Rate = (Growth Factor -1) / Number of Years
Growth Factor = 1 + (Growth Rate x Number of Years)
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Example 6-1 Future Volumes Using Historic Trend

In this example, the forecast 20-year traffic volumes are developed based on historical
counts.

For the Lava Butte ATR (#09-003) located on US 97 at MP 142.41, The following table
shows the 1999 traffic volume, Year 2019 traffic volume and the R-squared value.

Example Future Volumes Table

Hwy#| DIR | MP Description 1999 | 2019 | RSQ
4 1 141.01 .01 miles S of Badger Rd 28400 | 47200 | 0.9212
4 1 141.52 .22 miles S of Murphy Rd 24000 | 41400 | 0.656
4 1 142.21 ATR 09-003 - Lava Butte 19600 | 32000 | 0.9338
4 1 143.47 .01 miles S of Galen Baker Rd 14200 | 23600 | 0.7328
4 1 153.09 .01 miles S South Century Dr 9600 | 11100 | 0.5788

RSQ = R-squared is an indication of data fitting to a line.

Based on the data above, the 20-year growth factor would be 1.63 (32,000/19,600).
Assuming linear growth in the future, the annual growth rate would be (1.63 —1.0) /20 =
0.032, or 3.2%. The R-squared value of 0.9338 is acceptable, indicating a strong
relationship. To convert the 1997 30 HV from this example to a 2019 DHYV, the 1997 30
HYV is multiplied by the 20-year growth factor, with an additional two years of growth
added to this.

2019 DHV = 1997 DHV x (20-Year Growth Factor + 2 x Annual Growth Rate) =
112 vph x (1.63 + (2 x 0.032))

=112 vph x 1.694

=190 vph

When dividing the estimated future year volume by the most recent count volume it is
important to note the numeric difference between the two years. In the example above, a
20-year growth rate was used between 1999 and 2019. Other highways may have been
last counted in 1997 or 1998. This would mean that a 21- or 22-year growth rate should
be applied. Dividing the total growth by 20 years would, in these cases, overestimate the
growth rate.

For areas with calculated multiple growth factors, discard any with an R-squared value
less than 0.75. Remaining growth factors that are within 1 or 2 percent can be averaged.

6.6 Trip Generation (For Traffic Impact Analysis & Zonal Cumulative)

Vehicle trips generated by future development are estimated using the Institute of
Transportation Engineers (ITE) Trip Generation Manual (if manual trip calculations are
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used) or a travel demand model for larger studies (see Section 6.10, Chapter 17, and the
Modeling Procedures Manual for Land Use Changes (MPMLUC) - February 2012). ITE
trip generation rates are based on a database of trip generation studies conducted in the
U.S. These studies collected data at existing land use generators including driveway
vehicle counts and land use characteristics such as floor area size, number of parking
spaces, etc. For each land use type, models were developed from the counts and the
characteristics of the land uses, resulting in trip rates or equations for various time
periods. ITE trip generation should not be confused with travel demand model trip
generation, which is based on household surveys of person trips rather than vehicle
counts. The following is a summary of ITE trip generation manual procedures. The
manual itself should be consulted as part of any trip generation estimation process.

Trip generation rates are typically average values. There can be a large difference
between the local trip generation potential and the national average values in the ITE
manual. For common uses, such as single-family homes, gas stations, and shopping
centers there have been plenty of studies done over the years that make up the research
that is the basis for the trip generation rate or equation. Many land uses such as some
commercial types have only a few studies, so the data should be used with caution. It is
not uncommon for the standard deviation to exceed the averages if only a few studies
exist. The ITE Trip Generation manual has guidance and cautions on the data limitations,
what the assumptions/definitions for each land use are, procedures for use and conducting
local trip generation studies if necessary.

Note that trip generation software such as Trip Generation by Trafficware is not
standalone as it does not have the necessary background information on each land use
like the manual does. The software is just a calculator tool that needs to be used in
conjunction with the ITE Trip Generation Manual.

Trip generation may be composed of three basic types of trips: new/primary trips, pass-by
trips, and diverted linked trips. New or primary trips are those trips that are new to the
study area specifically attracted to or produced by a land use. Pass-by trips already exist
along the roadway fronting the site but now access the site before continuing. Diverted
linked trips exist in the study area but must divert onto local roads to access the site. Each
of these types of trips is illustrated in the following Examples.

External versus Internal Trips

ITE Trip Generation rates are based primarily on single-use, free-standing sites. There are
some exceptions such as shopping centers. Multi-use or mixed-use developments may
have interactions such as where some trips may occur internal to the site, whether by
motor vehicle or by walking. The total external trip generation of these sites may be less
than the sum of the individual stand-alone trip rates calculated using the ITE trip
generation rates. ITE Trip generation Manual provides a methodology to estimate this
effect, called internal capture (Volume 1, Trip Generation Handbook, Chapter 7 Multi-
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Use Development). This is a percentage reduction applied to the sum of the individual
land use trip generation.

Other Considerations

The ITE trip rates are based on data collected primarily at suburban locations with little
or no transit service, nearby pedestrian amenities, or travel demand programs. The ITE
Trip Generation Manual suggests the user may modify trip generation rates to reflect the
presence of public transportation, Transportation Demand Management (TDM) measures,
enhanced pedestrian and bicycle trip making opportunities, or other special
characteristics of the site or study area. The Transportation Planning Rule (TPR) contains
such a provision. OAR 660-012-0060 (6)(a) states that a ten percent reduction in ITE trip
generation rates (that do not specifically account for mixed use effects) shall apply for
proposed land use plan amendments which consist of mixed-use, pedestrian-friendly
development and prohibit uses which rely solely on auto trips, such as gas stations, car
washes, storage facilities, and motels.

ITE encourages users to supplement trip generation analysis with local data where
practical. If local studies are conducted, they should follow the ITE Trip Generation
Manual guidelines for conducting a trip generation study.

Example 6-2 Trip Generation

A supermarket with floor area of 30,000 square feet is proposed as a new development
within a suburban area as shown below. The proposed use is adjacent to an east-west
arterial and located to the west of a north-south arterial. It is desired to estimate the trip
generation for the site.
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Site Development Location

om

NO SCALE

Site:
Proposed 30 ksf

Supermarket

Adjacent Roadway

Non-Adjacent Roadway

From the ITE Trip Generation Manual, 9th Edition, Volume 3, a supermarket is assigned
Land Use Category 850. This is only a single land use so neither the internal trip capture
reductions apply nor does the TPR mixed use reduction. The trip rates or equations, as
appropriate, for this land use type are obtained from the manual and shown below. The
manual provides trip generation data for certain days of the week such as the average
weekday, Saturday and Sunday, as well as for specific hours of the day, such as the peak
hour of the adjacent street traffic, or the peak hour of the generator. In this example the
peak hour of adjacent street traffic is used. Average percentages of trips entering and
exiting the site are also provided. Calculations are performed either in a spreadsheet or
using commercial software. The resulting trips are typically summarized in a table as
shown below. These represent all motor vehicle trips with origin or destination external
to the site.

Site Trip Generation Summary

ITE Land Trip Rate or
Use! Equation’ Enter Exit Total
AM? 850 3.40X 63 (62%) | 39(38%) | 102
PM’ 850 Ln(T)=0.74Ln(X) | 163 (51%) | 157 (49%) | 320
+3.25
Average 850 102.24X 1,534 1,534 3,067
Weekday (50%) (50%)

ITE Trip Generation 9™ edition
2X = independent variable (thousand square feet of floor area) = 30.0 ksf
3 Peak hour of adjacent street traffic
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For commercial/retail types of land uses, peak hour site trips need to be further
subdivided into new (primary), pass-by, and diverted linked trips. The ITE Trip
Generation Handbook may have estimates of those percentages. These ITE estimates
vary by land use size and other characteristics, so the chosen estimates should be close to
the size of the proposed land use. Ideally, there will be more than one applicable estimate
which can be averaged together. If not, other studies may be used or conducted, along
with engineering judgment.

In this example, the ITE Trip Generation Handbook lists studies of average PM peak
hour pass-by and diverted linked trip generation rates for supermarkets. Average rates are
taken from data points where both pass-by and diverted linked rates are provided. Select
those locations with size near that of the subject site. There are five study locations near
30,000 square feet in size. Of those, four locations provide both pass-by and diverted
linked trip percentages. The average of these four sites is used. The average pass-by
percentage is (32 + 44 + 19 + 28)/4 = 31%. The average diverted linked trip percentage is
(20 + 27 + 45 + 32)/4 = 31%. The average primary trip percentage is (48 +29 + 36 +
40)/4 = 38%. The number of PM peak hour trips by type are then calculated and
displayed in a table as follows.

Site PM Peak Hour New, Pass-By, and Diverted Linked Trips!

Percentage Enter Exit Total

New 38% 62 60 122

Pass-by 31% 51 49 100

Diverted 31% 51 49 100
Linked

TOTAL 100% 164 158 322

ITE Trip Generation Handbook and Manual, 9" Edition

6.7 Trip Distribution (For Traffic Impact Analysis & Zonal Cumulative)

Traffic generated by a future development is distributed from the site based on existing
origin-destination (O-D) study data if available, traffic count patterns for nearby similar
land uses, local knowledge, or use of a travel demand model for larger studies (see
Section 6.10, Chapter 17, and the Modeling Procedures Manual for Land Use Changes
(MPMLUC) - February 2012), together with engineering judgment. Use of a travel
demand model typically involves creation of the land use in a model scenario then having
a select-zone analysis performed to determine in/out percentages from the site.
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Example 6-3 Trip Distribution

The existing PM peak hour volumes in the study area are shown below. All of the site trip
adjustments will be added or subtracted from these values.

Background PM Peak Hour Traffic Volumes
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Continuing from the previous example, the distribution of new trips to/from the proposed
supermarket has been determined based on existing count patterns and engineering
judgment and is shown in the diagram below.

PM Peak Site Distribution of New (Primary) Trips
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The distribution of pass-by and diverted linked trips should also be determined if present.
Typically pass-by and diverted linked trips are based on traffic counts or travel demand
models. In this example, the pass-by trip percentages are assumed to be proportional to
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the existing east-west PM peak hour directional volume of traffic on the adjacent

roadway, as shown below.

Adjacent roadway volume both directions = 340 + 620 = 960 vph.
Westbound proportion = 340 / 960 = 0.35

Eastbound proportion = 620 / 960 = 0.65

Existing PM Peak Distribution of Site Pass-by Trips
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The diverted linked percentages in this example are assumed to be proportional to the
north-south PM peak hour directional volume on the non-adjacent roadway, as shown in
the next diagram.

Distribution of PM Peak Site Diverted Linked Trips
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6.8 Trip Assignment (For Traffic Impact Analysis & Zonal Cumulative)

Traffic distribution to and from a future development is assigned to specific roadways
either manually or using a travel demand model for larger studies (see Section 6.10,
Chapter 17, and the Modeling Procedures Manual for Land Use Changes (MPMLUC) -
February 2012). To create the trip assignment, apply the percentage distribution to the
trip generation for the assignment of new, pass-by and diverted linked site trips.
Summing up the background, new, pass-by and diverted linked trips results in the final
total trip assignment.

The assignment of each of the components of site trips (primary, pass-by, and
diverted linked) should be calculated and displayed on separate flow diagrams.
Calculations are typically performed in a spreadsheet or with a specific software
application such as Vistro.
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Example 6-4 Trip Assignment

The assignment of new (primary) trips for each turning movement is calculated by
multiplying the previously determined number of directional new (primary) trips
(trip generation) by the new (primary) distribution percentage applicable to that
movement.

Sample calculation for eastbound to northbound left turn movement at the nearby
intersection:

This movement is outbound from the site.

Trip generation of outbound new (primary) trips = 60

Trip distribution of outbound new (primary) trips = 10 percent

Trip assignment = 60 x 0.10 = 6 PM peak hour new (primary) site trips

Assignment of PM Peak New (Primary) Site Trips

New Site Trips ‘
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The assignment of pass-by trips for each turning movement is calculated by
multiplying the previously determined number of directional pass-by trips (trip
generation) by the pass-by distribution percentage applicable to that movement.

Sample calculation for westbound right turn movement from the adjacent
roadway onto the site driveway:

This movement is inbound to the site.

Trip generation of inbound pass-by trips = 51

Trip distribution of inbound pass-by trips = 35 percent

Trip assignment = 51 x 0.35 = 18 PM peak hour pass-by site trips

Note that at the intersection of the adjacent roadway with the site driveway,

Analysis Procedures Manual Version 2 6-18 Last Updated 05/2025



through movement pass-by trips will have negative values, since they turn into the
site instead of traveling through.

Also note that beyond the site driveway intersection, pass-by trips are zero. Pass-
by trips do not add new trips to the system; they only change turning movement

volumes at the site driveway(s).

Assignment of PM Peak Site Pass-by Trips
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The assignment of diverted linked trips for each turning movement is calculated
by multiplying the previously determined number of directional diverted linked
trips (trip generation) by the diverted linked distribution percentage applicable to
that movement.

Sample calculation for northbound to westbound left turn movement from the
non-adjacent roadway to the adjacent roadway:

This movement is inbound to the site.

Trip generation of inbound diverted linked trips = 51

Trip distribution of northbound diverted linked trips = 57 percent

Trip assignment = 51 x 0.57 =29 PM peak hour diverted linked site trips

Note that at the intersection of the non-adjacent roadway with the adjacent
roadway, northbound and southbound through movement diverted linked trips
will have negative values, since they turn onto the adjacent roadway instead of
traveling through.

Assignment of PM Peak Diverted Linked Trips
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Diverted Link Trips
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Each of the components of site trips are then summed for each vehicle movement

and displayed in a flow diagram of total site trips as shown below.

PM Peak Total Site Trip Assignment

Total Site Trips
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The total site trips are then combined with Background Traffic to create

Background plus Site trips as shown below.
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PM Peak Total Trips (Background + Site)

Total All Trips
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6.9 Travel time-based Trip Assiecnment (Optional: For any cumulative analysis)

Traffic distribution to and from a future development is assigned to specific roadways
either manually or using a travel demand model for larger studies (see Section 6.10,
Chapter 17, and the Modeling Procedures Manual for Land Use Changes (MPMLUC) -

February 2012).

Future development trip assignment is often made based on the shortest path distance or
travel time. Shortest path travel time in some cases may be approximated using segment
lengths and posted speeds. However, this method does not account for intersection
delays, which can be a significant component of total travel time in some situations. The
following methodology identifies path travel times inclusive of intersection delay.

In this method, for a specified origin and destination, competing O-D paths are evaluated
iteratively by assigning trips, calculating resulting nodal delay values, computing overall
travel times, and repeating the process until the competing paths have roughly the same
travel time. It should generally be assumed that if travel times are within 20%, there will
be some split of the site trip assignment. If the travel time difference exceeds 20%, all the
site trips can generally be assigned to the shortest travel time path. If the travel time
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difference is less than 10%, an equal split of site trips can be assumed. The result is the
number of site trips assigned to each route.

Travel time on the paths is the sum of the travel time on links, based on link distance and
posted speed, and control delay at intersections, based on deterministic analysis results
such as using HCS or Synchro. Note that this method assumes relatively uncongested
conditions.

Analysis Steps

1. Develop background traffic volumes.

. For the initial site assignment, assign 100% of site trips to the shortest distance
path.

3. Add the site trip assignment in Step 2 to the background volumes to obtain initial
Total Traffic volumes.

4. For each alternative O-D path and direction (inbound or outbound from the site)
being studied,

a. Calculate segment travel times using posted speed and link lengths.

b. Using initial Total Traffic volumes, apply HCM methodology to calculate
delays for the movements along the path that pass through stop-controlled
or signalized intersections.

c. Sum the segment travel times and delays from Steps 2a and 2b to
determine the total travel time for each path. Identify the path with the
shortest travel time.

d. Ifthe shortest distance path travel time is significantly shorter than the
next competing path, the site trip assignment is complete (100% of site
trips are assigned to the shortest distance/travel time path).

e. Ifthe shortest distance path travel time is close to or greater than the travel
time of the next competing path, further iterations are required.

5. Re-assign some proportion of the site trips to the shortest travel time path
identified in step 2¢. Using this site trip assignment, sum with Background Traffic
to develop second iteration Total Traffic volumes.

6. Repeat Steps 2b and 2¢ using the revised iteration of Total Traffic volumes
developed in Step 5b. Incrementally re-assign a proportion of site trips until each
path is equal in travel time. The site trip assignment is then complete.

The following example illustrates this method.

Example 6-5 Estimating Trip Assignment Based on Travel Time

A land development is proposed near a state highway. The site is located near the
unsignalized intersection of Main Street at Oak Street, as shown below. There are two
potential paths for outbound site trips from the development onto the highway in the
westbound direction. By inspection, the shortest distance path is ABC. This requires site
trips to turn left at the intersection of Main Street at Oak Street, an unsignalized two-way
stop controlled intersection. The stop-controlled left turn movement at this intersection
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experiences high delay. The alternate path, ADEC, is less direct. However, this path has
less intersection delay where it accesses the highway at the signalized intersection of
Maple Street and Main Street.

It is desired to assign the outbound site PM peak hour trips such that either path will
provide an equal travel time from the development.

Site Vicinity Diagram

ﬂ—g—F ¢ Main Street B

le

Land Use
o™ A
NO SCALE
Maple St. Oak St
E 2"d Street D

Step 1. For this exercise it is assumed that background traffic volumes have been
previously developed.

Step 2. Site trips are initially assigned 100% to the shortest distance path, ABC.

Step 3. The initial site trip assignment from Step 2 is added to Background Traffic from
Step 1 to create Initial Total Traffic volumes.

Step 4a. Link lengths and posted speeds are obtained and shown in the next figure below.

Link lengths are typically measured from aerial photos and posted speeds collected from
a field visit.
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Link Lengths and Posted Speeds
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Segment travel times are calculated as follows, using sample segment BC.

Travel Time Segment BC = 0.26 mi  x 3600 sec = 26.7 ~ 27 sec
35 mi/hr hr

Travel times for each segment are summarized in a table:

Roadway | Segment | Segment Travel Time
Oak St AB 9
Main St BC 27
Oak St AD 19
2" St DE 37
Maple St EC 23

Origin-destination (O-D) path segment travel times are calculated by summing the
segment travel times.

O-D Path ABC =AB+BC=9+27=36sec
O-D Path ADEC=AD+DE+EC=19+37+23 =79 sec

Step 4b. For this exercise, assume that HCM intersection analysis has been previously
conducted for background volumes, resulting in the following intersection delays. Please
note that the delay values in this example are for illustrative purposes only and are not
actual HCM-calculated values. For this example, it is assumed that delays at other
intersections along each path are negligible.
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Background Traffic Movement Delay

Intersection Movement Movement Delay (s)
Main St at Oak St South to West left turn 44
Main St at Maple St | Westbound through movement 14
Main St at Maple St | South to West left turn 21

Intersection movement delays are summed for each O-D path

O-D Path ABC =44+ 14 =58 sec
O-D Path ADEC =21 sec

Step 4c. Segment travel times and delays are summed to determine the total travel time
for each path.

O-D Segment Travel Time Intersection Delay Total Travel Time
Path (s) (s) (s)
ABC 36 58 94
ADEC 79 21 100

The O-D path with the shortest travel time is path ABC.
Step 3. Site trips are assigned 100% to the shortest path ABC.

Step 4. The site trip assignment in Step 3 is added to the background volumes to obtain
initial Total Traffic volumes.

Step 5. HCM methodology is applied to re-calculate intersection delays based on Total
Traffic volumes.

Total Traffic Movement Delay (First Iteration)

Intersection Movement Movement Delay (s)
Main St at Oak St South to West left turn 58
Main St at Maple St | Westbound through movement 16
Main St at Maple St | South to West left turn 24

Intersection movement delays are summed for each O-D path

O-D Path ABC =58+ 16 =74 sec
O-D Path ADEC = 24 sec

Segment travel times and delays are summed to determine the total travel time for each
path.
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O-D Segment Travel Time Intersection Delay Total Travel Time
Path (s) (s) (s)

ABC 36 74 110

ADEC 79 24 103

At this point, the shortest path based on travel time is now path ADEC. Since path travel
times are close, the next iteration would be to assign some of the site trips to path onto
path ADEC. Step 5 is then repeated. When path travel times are approximately equal, the
site trip assignment is complete.

6.10 Zonal Cumulative Analysis

In quick growing areas or for entire cities, where a more accurate analysis is needed of
the impacts (differing growth and trip patterns across the study area), the zonal
cumulative analysis process should be used rather than the first-level TIA-level
cumulative analysis. The zonal cumulative analysis process is essentially a manually
constructed travel demand model. The process includes the major three modeling steps
(trip generation, trip distribution, and trip assignment). The major difference between the
zonal cumulative and a travel demand model is that the zonal cumulative uses ITE trip
generation instead of population and employment, and projects the incremental growth in
trips rather than creating separate base year and future year assignments. Generally, this
level of effort is too complex for a TIA.

Like with other cumulative analyses, the zonal cumulative method should be limited to
cities of 10,000 or less population or a chunk of no more than 10,000 of a larger urban
area. Areas larger than these can theoretically be done, but the number of zones and
network size becomes overwhelming to do manually. In addition, multiple analyses (TSP,
corridor or refinement plans, projects) are likely in the near (5-10 year) future then
construction of a travel demand model should be considered (refer to Chapter 17). Re-
purposing a zonal analysis for another project can be more time consuming than just
building a travel demand model initially. These larger areas would require the enhanced
zonal cumulative analysis process shown in Section 6.11 or use of a travel demand model
as discussed in Section 6.12 and Chapter 17.

The basic steps for a zonal cumulative analysis are:
1. Identify the study area and divide into transportation analysis zones (TAZ)
2. Identify vacant lands, in-process developments, comprehensive plan allowed land
uses/densities, and development rates.
Estimate future trip generation potential
4. Determining the through trip percentages (external — external, E-E) and E-E trips
for the external stations
5. Determining the internal — external (I-E) and external —internal (E-I) trips at each
external station (external zone)

[98)
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6. Determining the trip distribution for the internal — external (I-E) and external —
internal (E-I) trips for each internal TAZ.

7. Determining the trip distribution for internal-internal (I-I) trips

8. Calculating network link travel times

9. Assigning total trips to the network

The above process is set up for multiple traffic assignments based on a single land use
scenario. Doing an additional land use scenario would require repeating Steps 3-9 or
using the more-automated enhanced zonal cumulative analysis. Use of software such as
Vistro may help streamline the accounting of generated trips and the
distribution/assignment of them if the network and land uses assumed are not too
complex.

6.10.1 Step 1 — Identification of Study Area and TAZ’s

The study area should completely cover the project limits and all adjacent land areas that
would affect the project area. The study area should be defined such that all relevant
facilities are included, since there may be other roadways that could directly influence the
traffic patterns on the facilities being analyzed. The location where each relevant
roadway facility crosses the outside edge of the study area needs to be noted as an
“external station.” The external station is where traffic enters/exits the study area and can
also be considered an external zone. The study area needs to be broken into homogenous
land-use zones (i.e. residential, commercial, or industrial) called transportation analysis
zones (TAZ). There generally is no need to break the land use into further sub-categories
(i.e. low vs. medium density residential). If zones are not completely homogenous, there
will need to be additional accounting of internal trips between residential and commercial
for example as there will be trips generated that will never extend beyond the zone
boundaries. It is likely that a Geographic Information Systems (GIS) land-use or tax-
assessment file is available from the local city or county that will be of great assistance
and streamlining of this and the following tasks.

Each TAZ boundary generally needs to follow physical or man-made boundaries. This
would include rivers, railroads, and major roadways. Property lines generally break on
these major features, and the GIS file can be used to help ensure that the TAZ boundaries
do not cross or break up properties.

Example 6-6 Study Area and Zone Identification

This example is based on an actual zonal cumulative analysis done for the US97/South
Century Drive project in the Sunriver resort area south of Bend. The overall project area
is shown in the figure below. The study area reflects the area that would feed into South
Century Drive and eventually to US97. Areas to the south of the project area would most
likely feed into the next major road to the south (LaPine State Recreation Road) or into
the City of LaPine.
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TAZ’s were split on land use or on natural or man-made boundaries. Examples for land
use:

Zone 1 is the current Sunriver resort development and is generally residential.
Zone 2 is the existing Spring River residential subdivisions

Zone 9 is vacant Forest Service forest lands (although zoned for resorts).

Zone 10 is the Sunriver business district and is generally for commercial uses.
Zone 12 is the Crosswater resort/golf course

TAZ zone boundary splits examples:
e The Deschutes River forms the boundaries between Zones 1 and 2 and Zones 3
and 4.
e The Little Deschutes River forms the boundary between Zones 5 and 6.
e The BNSF railroad tracks form the boundary between Zones 7 and 11.
e South Century Drive forms the boundaries between Zones 1 and 10, Zones 12 and
9, and between Zones 6 and 7.
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tud Area Zones

6.10.2 Step 2 — Identification of Land Use Characteristics and Zoning

After the homogenous TAZ’s have been developed, all the land use characteristics and
related zoning needs to be identified. This will create the parameters necessary for
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estimating the future trip generation in Step 3. The zonal cumulative process assumes that
the traffic counts (and the resulting 30 HV) obtained for the study area account for all
built properties. The focus of the process is to determine the total change from the base to
the future condition. Areas that are vacant or partially built will need additional data to
help determine the future growth potential. Exhibit 6-3 shows the process for determining
the TAZ land use data for vacant lands.

Vacant Lands

For each TAZ, any vacant buildable lands need to be identified. This can be facilitated by
obtaining the following items:

Buildable Lands Inventory (BLI) — Not every study area will have an applicable
BLI available, but when available, they will limit the amount of data needed. The
BLI will specifically identify buildable areas that can be coordinated directly with
the study area TAZ’s. Detail levels vary but at a minimum, the truly developable
vacant lands can be determined. The BLI will help identify areas that are not
suited for future development such as wetlands, riparian zones, flood plains, steep
slopes, resource areas, etc. The BLI needs to be relatively recent (no more than 3-
5 years old for normal growth areas but longer periods might be okay for slow
growth areas).

Comprehensive Plan, Zoning Map and Code — Obtaining the comprehensive plan,
zoning map and zoning code is the minimum information needed to do a zonal
cumulative analysis. The comprehensive plan and related zoning code (see
Exhibits 6-4 and 6-5.) will tell what the allowed (permitted outright and through
the conditional use permit process) uses are, and lot requirement details such as
minimum/maximum sizes, development densities, building heights, floor-area-
(coverage) ratios, green/open space requirements, etc. The zoning map allows for
easy identification of where the different zoning is applied (see Exhibit 6-6).
Generally, land uses should be limited to outright permitted uses only as there is
no guarantee that a conditional use would be granted. Exceptions need to have
concurrence with the local planning staff.

GIS-based land-use/property/tax assessor’s database — If available, a GIS-based
property database will greatly streamline the identification of zoning and whether
a property is vacant. These databases generally include location, tax-lot numbers,
zoning, acreage, ownership, improvements (structures), and year of improvement
(building permit issued). Use of GIS allows the properties to be grouped by TAZ.
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Exhibit 6-3 TAZ Land Use Data Process
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e Transportation System Plan (TSP) — Newer TSP’s may show environmental
baseline information such as wetlands, park lands, greenways, historic properties,
etc. that can be used to further identify non-buildable areas (especially if a BLI is
not available). The TSP will also show future road improvements that can be used
to modify the road network.

e Other land-use plans — These cover a wide range of planning maps such as
subdivision plats and development master plans that can identify in-process or
future developments. Certain areas may not have BLI’s so park plans, school
district plans, wetland plans, park plans, and other plans of this type fall into this
category. All of these can be used for identification of future growth potential.
Contacting the local planning office is the best source for this information.

e Current aerial photos — If current aerial photos are available, identification of
vacant lands can be easily done with a GIS database or comprehensive plan.
However, use of aerials can be a potential pitfall if the aerial has not been verified
to be recent. Please note that commercial aerial mapping such as Google Maps
could be 3-5 years out of date and is not recommended to be used (unless
extensively field-verified) for this process.

Exhibit 6-4 Urban Standard Residential Zone Excerpts

(1} Purpose. The RS Zone is intended to provide for the most common urban residential )
densities in places where community sewer services are or will be available and to encourage,
accommaodate, maintain and protect a suitable environment for family living,
{2) Permitted Uses. The following uses are permitted:

(a) Single-family dwelling.

{b) Agriculture, excluding the keeping of livestock.

(c) Rooming and boarding of not more than two persons.

(d) Home occupations subject to the provisions of Subsection (15) of Section 25,

(e} Park rehabilitation, minor betterment and repairs.

(f) Accessory dwelling in a subdivision or Planned Unit Development (PUD)

approved after December 2, 1998, provided that overall density in subdivision or
PUD does not exceed 7.3 dwelling units per gross acre.

{5) Lot Requirements. The following lot requirements shall be observed, provided that the
approval authority may allow smaller lots of different housing types in a new subdivision or
Planmed Unit Development (FUD) approved pursuant to this ordinance and consistent with
the Comprchensive Plan designations for preservation of areas of significant interest when
these lots or housing types are internal to the subdivision or PUD.

(a) Lot Area: A lot in a subdivision or planned unit development approved after
(date of adoption) shall have a minimum area of 4,000 square feet provided that the
overall density does not exceed 7.3 dwellings gross per acre, and provided that
where new subdivisions abut lots of 20,000 square feet or less the exterior lots shall
be at least 75% of the abutting lot sizes and lot lines or be approved through a
hearing process. All other lots shall have a minimum area of 6,000 square feet.
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Exhibit 6-5 Mixed Employment Zone Excerpts

(1) Purpose. The zone is designed to provide for a mix of uses such as office, retail, services,
light manufacturing and warehousing that offer a variety of employment opportunities in an
aesthetic environment and having a minimal impact on surrounding uses.

(2) Permitted Uses. The following uses are permitted in the ME Zone subject to the provisions
of Design Review and Site Plan review in Section 23 and Section 23 AL

(a) Automobile and truck repair and service, provided wholly within an enclosed
building,

(b} Automobile, truck, and recreation vehicle sales of new vehicles, including
service facilities and outdoor storage of vehicles.

{c) Bakery for wholesale and retail distribution.

(d) Banks, savings and loan institulions, credit unions and other financial
institutions.

(4) Height Regulations. No building or structure shall be hereafter erected, enlarged or
structurally altered to exceed a height of 45 feet, without a Conditional Use Permit approval.

(5) Lot Requirements. The following lot requirements shall be observed:
(a) Lot Area: Each lot shall have a minimum area of 6,000 square feet.
(b) Lot Width: No requirements.
(c) Lot Depth: Each lot shall have a minimum depth of 100 feet.
(d) Front Yard: The front yard setback area shall be a minimum of 10 feet.

(e) Side yard: None except a side yard setback area shall be a minimum of 15 feet
when abutting a lot in a residential zone,

(f) Rear Yard: None except a rear yard setback area shall be a minimum of 15 feet
when abutting a lot in a residential zone,

(g) Lot Coverage: The maximum lot coverage by buildings and structures shall be
50 percent of the total lot area.

(6) Off-Street Parking and Loading, Off-street parking and loading space shall be provided as
required in Section 24.
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The first step to obtaining any of the above is to get in contact and establish a good
relationship with the local planning office or local planner. They will know all of the
details, recent and past development history, insight on building rates and typical/likely
growth patterns. You will need to have them review your development assumptions that
you make, vacant lands, and growth potential to make sure that the analysis is reasonable
before moving on to more detailed steps.

Once the unbuildable areas have been identified, then any in-process developments need
to be identified. Contact the local planning office and ask about any approved but not yet
built residential or commercial developments. Obtain documentation such as plats, site
plans, or transportation impact analyses (TIA) describing the development. The total
number of lots, units, or square footage needs to be noted for the later trip generation
calculations. These developments need to be subtracted from the total vacant land to
determine the truly vacant buildable land available for future growth.
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Exhibit 6-6 Sample Comprehensive Plan (Zoning) Map
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Estimating Potential Future Land Use

At this point, the remaining vacant land would be available for future development but is

not planned as such. For each TAZ and/or parcel clumps within a TAZ, the zoning code
requirements need to be applied.
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For residential lands, there will be likely minimum lot sizes or minimum/maximum
dwelling unit per acre requirements. A good way to judge what these might be is to take a
GIS-based survey of adjacent similarly zoned single-family home subdivisions and figure
out a typical lot size (this is one of those assumptions that the local planner should review
for reasonability). About 24% of vacant residential lands should be reserved for local
street rights-of-way. The zoning code may indicate additional specific values for green or
open space requirements that will need to be accounted for. Buildable residential lands
then would be calculated by subtracting the local street and green space requirements
from the total land area and then dividing by the typical lot size to determine the number
of single-family dwelling units for each TAZ.

Multi-family residential lands such as apartments, condominiums or townhouses need to
be figured out on a dwelling units per acre basis. The zoning code should tell the range of
acceptable densities regardless of building heights. GIS can be used to help determine a
typical value by surveying similarly zoned areas in the local area. The local planning
office should be able to give some guidance in this area. Once a typical dwelling unit per
acre value is determined then this can be directly multiplied by the vacant buildable
multi-family lands to determine the total amount of multi-family dwelling units. The final
value may need to be summed from multiple parcels depending on how these lands are
spread around in a single TAZ.

Non-residential (commercial/industrial) lands are generally figured out on a parcel basis
as parcels are generally large. Zoning codes typically use floor-area-ratios (FAR) for
determining maximum lot coverage. The typical FAR range is between 25 and 35% of
the lot size which covers green/open space, access roads and parking. For denser areas or
industrial areas, height requirements may allow more than a single story which would
allow more square footage for the maximum lot coverage. However, if maximum square
footage requirements are shown, then these apply to the total of all floors. Multiplying the
lot size by the FAR or using the maximum square footage per parcel will determine the
maximum potential gross leasable floor area. Commercial and industrial lands need to be
kept separate as trip generation multipliers will be different.

Example 6-7 Estimating Future Buildable Land Use

For a particular TAZ, there are 100 acres of vacant buildable zoned RM (medium-density
single family residential) land. The zoning code indicates that lot sizes are to be 5,000
square feet at a minimum. A survey of recently completed subdivisions in the area shows
that the average lot size is about 6,000 square feet. This TAZ is covered by additional
provisions that require 10% of the total development to be common open space. This
TAZ also has 5 acres of neighborhood commercial at a maximum FAR of 35%.

Deduct the common open space from the total land area = 100 ac — 100 ac x 0.10 = 90 ac.

Subtract out the typical 24% allotment for local streets = 90 ac — 90 ac x 0.24 = 68.4 ac

Analysis Procedures Manual Version 2 6-36 Last Updated 05/2025



Calculate the total number of potential dwelling units = (68.4 ac x 43,560 sq ft/ac) / 6,000
sq ft =496.6 = 496 lots (need to round down).

Calculate the commercial maximum gross leasable floor area = 5 ac x 0.35 x 43,560 sq
ft/ac = 76,230 sq ft = 76, 200 sq ft.

Building Rates

Typically at this point a spreadsheet is set up by TAZ showing the potential dwelling
units for residential and square footage for commercial or industrial areas. These TAZ
totals represent build-out which may or may not occur within the study horizon (future or
design year). Some TAZ’s will be currently mostly built out, so it may only take a few
years to reach build-out while other TAZ’s are vacant and build-out may be over 40 or
more years. Faster growing areas (i.e. Central Oregon) will take less time than
historically slower growing areas (South Coast).

For each land use type within each TAZ, a building rate needs to be calculated. This
aspect of the zonal cumulative method can be one of the most difficult to obtain
accurately. The best way to help determine this is to use a GIS-based tax assessor’s
database to group properties by TAZ and to indicate in which year an improvement
occurred. Non-GIS spreadsheets/databases can also be used, but these will require visual
matching of tax- lots with the TAZ’s. An alternative source is to use issued building
permits assuming that these are available for at least the last 10 years. These values can
be plotted over the long-term to determine a curve or best-fit regression line to determine
a rate of growth. The rate curve will be the best with a good amount of data points
covering at least 10 or more years. Another method is to take the total amount of
improved lots divided by the number of years those improvements represent to get an
average historical building rate.

There may be areas with little or no historical growth, so these should be estimated by
using nearby areas with similar characteristics. If an area is relatively homogenous (i.e.
all residential) then the building rates could be simplified to a few or a single area-wide
value. Commercial or industrial areas building rates could be simplified to a few or a
single value depending on if the characteristics are similar. Keep in mind that if there are
a lot of in-process developments, these may skew the historic building rate. Any of these
results need to be tempered by the advice of the local planner on the historic or future
building rates. At a minimum, there needs to be a single building rate for each land use
type used. If a database or permits are not available or available for enough years, then
the application of this method becomes difficult at best and the enhanced zonal
cumulative method should be used. The enhanced zonal cumulative method uses explicit
base and future models and is less concerned with a historical building rate.
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Example 6-8 Historical Building Rate

Within a residential TAZ, there are several subdivisions that were ready for development
in the year 2000. These subdivisions made up a total of 400 lots. The future year for this
analysis is 2030. From the county tax assessor’s database the following data were
obtained from 2000 to 2010:

Year Number of
Permits Issued

2000 20
2001 27
2002 6

2003 4
2004 22
2005 42
2006 37
2007 9

2008 0
2009 0
2010 3

From a review of the data, it is apparent that growth was relatively unsteady and that a
regressed trend would not give a good predicted rate. The residential area has the same
general characteristics, so an average TAZ historical rate is probably the best method.

From 2000 to 2010 a total of 170 lots had building permits issued. This equates to 170
lots / 11 years = approximately 15 lots per year

This TAZ was not built out in 2010 with 170 of the 400 total built. There are 400 — 170 =
230 vacant lots remaining. With a 15 lots / yr rate, this TAZ would be built out in 230
lots/15 lots per yr = approximately 15 years or 2025. Since the future year is 2030, the
maximum potential of 230 new lots in the analysis would be used.

6.10.3 Estimating Future Trip Generation

At this point, the land used for each TAZ have been calculated. Use the ITE Trip
Generation manuals or Trip Generation software to compute the increase in peak hour
trip generation potential for each TAZ as per Section 6.6. Use major ITE land uses (i.e.
shopping center, office park, apartments, etc.) that have ideally equations or reasonable
data points. For each land use, make sure to specify the split between the entering and
exiting trips. Depending on zone structure and land uses, commercial trips should be
primary (new trips on the system) trips, unless there is not enough background traffic to
accommodate the potential pass-by trips. Trip generation documentation should be in a
spreadsheet form.
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Example 6-9 Projected Trip Generation

A zonal cumulative analysis was performed for a growing rural residential community
along a state highway. This example study area will be used throughout the rest of this
section. The study area was split into four zones (1-4). The number of vacant lots and the
building rate were estimated following Section 6.10.2. The current year is 2002 with a
project horizon year of 2027. All the zones except for Zone 2 reach build-out. The trip
generation is based on the ITE Trip Generation PM peak single family home rates
(Category 210) of 1.01 trips per dwelling unit in the peak hour.

?2) ) “) 2(052)7
Z((}l)le Vacant Lots Blﬁladtleng New Homes Trip Generation
(2002) built by 2027 Total (Enter/Exit)
(Homes/yr)
(vph)
1 537 80 537 542 (349/193)
2 984 30 750 758 (488/270)
3 167 17 167 169 (109/60)
4 640 35 640 646 (416/230)

6.10.4 Trip Types

The total trips in the study area are made up of internal and external trips. External trips
are those trips that have at least one end located outside of the study area, as defined by
the study area boundary. Internal trips begin and end within the study area. There are four
types of trips that make up the total trips that are the focus of the next three sections. The
trip types are external-external (E-E), external-internal (E-I), internal-external (I-E), and
internal-internal (I-I). See Exhibit 6-7.
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Exhibit 6-7 External and Internal Trip Types
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6.10.5 Estimating Through (External-External) Trips

External-external or E-E (through) trips are trips that have both ends (origin and
destination) outside of the study area. The E-E trips are the first of the four basic trip
types that need to be created from the overall study area volumes. The objective of this
section is to calculate the proportion of E-E trips compared to the total trips and
eventually the total E-E trips.

The point where each study area roadway crosses the study area boundary is known as an
external station. This point represents the connection to the outside world. The external
stations are shown as the black circled “A” and ”B” in Exhibit 6-7. External stations are
treated essentially as additional zones in this methodology, so number them to not
conflict with the TAZ number to avoid confusion. Examples could be using letters (A, B,
C...) or a completely different and distinctive number series (500, 501, 502...).

The E-E trips for the base and future years are calculated at each external station. Only
roadways with significant volume in the study area should be counted as having external
stations. While it is possible to have every local road study area boundary crossing an
external station, the complexity of the analysis rapidly increases, the extra work may not
be justified, and the necessary detail level needed may not be achievable. Use of origin-
destination, license plate matching, or a Bluetooth MAC-address matching study are
desired with areas having multiple external stations to simplify finding the E-E trip
proportions.

At each external station, the proportion of E-E trips needs to be calculated. This can be
obtained directly from an origin-destination or other matching study between each
external station pair and for each direction of travel. In most cases, an approximation
procedure is necessary to estimate the E-E proportion. Using the directional peak hour
(30HV) volumes at an external station, hold that volume and proceed to the other external
station by subtracting all turn volumes at each intersection downstream. The remaining
volume is the E-E trip volume. This remaining volume is divided by the total directional
volume at the external station to determine the percentage of E-E trips. The process is
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repeated in the other direction and for each external station and for each external station
pair (i.e. three external stations: 1-2, 2-1, 1-3, 3-1, 2-3, 3-2).

It is possible to end up with a negative value upon reaching the other external station,
especially if there are a large proportion of turning volumes compared to the non-turning
volume. The turn movements inside the study area are made up of all the trip types so it
is possible that large internal-internal trip patterns skew the turning movements to an
extent, so a negative value is obtained. A negative value indicates a need to investigate
the higher local turn movements to see where they are destined to and to make sure that
other external trips are not mixed in. For areas with complex trip patterns or a good
number of external stations, some sort of origin-destination study is recommended for all
or part of the study area.

Example 6-10 E-E Approximation Process

In the figure below, there are two external stations, labeled A and B representing the
roadway as it enters and leaves the study area. The volumes at intermediate study area
intersections are shown below. The initial external station volume is determined from the
given volumes. For example, at External Station A, the eastbound volume starts with 305
vph (280 EBT + 10 EBL + 15 EBR) entering the study area.

Assume no other accesses between external-stations A and B:
The eastbound external-external trip is 237 vehicles.
The westbound external-external trip is 310 vehicles.

Starting with the first intermediate intersection and proceeding eastbound, the
turning volumes are subtracted from the initial 305 vph value. The resulting value
is the total E-E trips for the eastbound External Station A movement. This is
repeated for the westbound direction.
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Total EB E-E trips =305 - 10— 15 -8 — 35 =237 vph

Total WB E-E trips =407 — 60 —22 —7 -8 =310 vph

At External Station A, the total EB trips are 10 + 280 + 15 =305
At External Station A, the total WB trips are 12 + 350 + 15 =377
At External Station B, the total EB trips are 31 + 267 +10 = 308
At External Station B, the total WB trips are 22 + 325 + 60 = 407

The External Station A E-E EB trip percentage =237 /305 =0.77
The External Station A E-E WB trip percentage = 310 /377 = 0.83
The External Station B E-E EB trip percentage = 237 /308 = 0.77
The External Station B E-E WB trip percentage =310 /407 =0.77

Therefore, there is a 77% chance that trips entering or leaving External Station A
are E-E trips. There are 305 total trips on the EB approach at External Station A
and it was calculated that 237 of them travel all the way to External station B
above. So, 237 /305 =0.77 or 77%. In the WB direction at External Station A,
there are 377 trips on the approach and it was determined that 310 trips travel
from External Station B to A. So 310/ 377 = 0.83 or 83%.

Example 6-10 determined the base year E-E trips. In order to calculate the future year E-
E trips, a growth factor needs to be calculated for each external station. This growth
factor is computed from the Future Volume Tables for the road segment(s) in question.
Non-state roadways can be estimated from historical local counts if available or using a
state highway with similar volumes and characteristics as a surrogate. The growth factor
is a multi-year factor depending on the number of years between the base and future year.
For example, if the base year was 2002 and the future year was 2027, then a 25-year
growth factor would need to be computed. See Section 6.5 for more information.

Example 6-11 Future Year E-E Calculations

Given in this example:

e Traffic volumes at the External Station A are 625 entering and 700 exiting.
e Traffic volumes at the External Station B are 735 entering and 630 exiting.
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Assumptions:

Growth factors at External stations A and B are 1.83
and 1.53, respectively, over 25 years.

From the figure, the 25-year historical growth factor is 1.83 for External Station A and
1.53 for External Station B and shown in Column (2). The base year 2002 volumes
shown in Column (1) are multiplied by the appropriate historical growth factor to obtain
2027 design hour volumes and are shown in Column (3).

The E-E trip proportions were calculated using the method in Example 6-10 for each
direction at each external station and are shown in the below table in Column (4):

External Station A — Entering = 0.83
External Station A — Exiting = 0.86
External Station B — Entering = 0.82
External Station B — Exiting = 0.82

The total new E-E trip growth from 2002 and 2027 is calculated by multiplying the E-E
proportions times the difference between the 2002 and 2027 DHV and is shown in
Column (5).

)
2027 E-E
1 (3) 4 Tri
() 22 | @ rip
Ext. | .. 2002 (2 E-E | Growth
Direct
Trip | " DHV [Growth =3§£};) Trip | =(4)*((3)-
Table Factor (ph) Prob. 1)
(vph) (vph)
External | Enter | 625 | 1.83 | 1144 | 0.83 431
itauon Exit | 700 | 1.83 | 1281 | 0.86 500
External | Enter 735 1.53 1125 | 0.82 320
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5)
5 2027 E-E
M S| @ | rip
Ext. |poocionl 2002 | @ | pid | E-E | Growth
Trip DHYV |Growth ~1)*Q2) Trip | =(4)*((3)-
Table Factor (vph) Prob. 1)
(vph) (vph)
g‘a“o“ Exit | 630 | 153 | 964 | 082 274

6.10.6 Estimating External-Internal (E-I) and Internal — External (I-E) Trips

Once the total E-E trips have been determined, the External-Internal (E-I) and Internal-
External (I-E) trips can be determined. The E-I and I-E trips have one end of the trip in
the study area and one end outside of the study area.

The E-I trip growth is the total external station growth entering the study area minus the
directional E-E growth. Conversely, the I-E trip growth is the total external station
growth exiting the study area minus the directional E-E growth.

Example 6-12 Future Year E-I and I-E Trip Calculation

From the information in Examples 6-10 and 6-11, the 25-year growth of E-I and I-E trips
are calculated as shown in Column (6).

Q) (6)

3) @) 2027 E-E | 2027 E-I,

Ext 1) @) 2027 E-E Trip I-E Trip

Tri[; Direction| 2002 Growth DHV Trip Growth Growth

Table LLLERY Factor =(D*@2) Prob. =@*(@)- | =Q)-(D-
(vph) (vph) 1) )

(vph) (vph)
External | Enter 625 1.83 1144 | 0.83 431 88
i“a“"“ Exit | 700 | 1.83 | 1281 | 0.86 500 81
External | Enter 735 1.53 1125 | 0.82 320 70
Eta“"n Exit | 630 | 153 | 964 | 0.82 274 60
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6.10.7 Trip Distribution of E-I and I-E trips

Trips entering a zone are also known as an “attracted” trip while trips leaving a zone are a
“produced” trip. The zonal cumulative analysis uses a gravity-based method for
determining a TAZ’s distribution of attractions and productions. Larger zones (on a trip
generation basis, not geographical area) attract and produce more trips than smaller zones
on a relative basis. This process is known as trip distribution.

After the external-external trip growth has been removed from the total external trip
growth, the remaining trips are distributed to the internal zones according to the
following procedure.

e Distribution of growth in external-internal trips:

o Calculate the attraction probability of each zone’s new trip attractions by
dividing its new trip attractions by the study area’s total new trip
attractions.

o Distribute the growth in external-internal trips for each external station by
multiplying these trips by each zone’s attraction probability.

e Distribution of growth in internal-external trips:

o Calculate the production probability of each zone’s new trip productions
by dividing its new trip productions by the study area’s total new trip
productions.

o Distribute the growth in internal-external trips for each external station by
multiplying these trips by each zone’s production probability.

When distributing trips, care needs to be taken considering the land use within each zone.
For the typical afternoon peak hour analysis, trips will be traveling from employment
zones (commercial/industrial) to residential zones; from residential zones to commercial
zones (i.e. shopping/eating after work); and from commercial to other commercial zones
(trip chaining). Residential to residential trip distribution should be avoided as it will
likely cause unrealistic results.

Example 6-13 E-I and I-E Trip Distribution

Distribute the new external-internal and internal-external trips in Example 6-12 to the
four zones shown in Example 6-11.

Solution:

The total new trips are obtained from the trip generation done in Example 6-9 (Column
5). All zones are summed up to determine the grand new trip total for the entire study
area. The trip attractions and productions are the entering and exiting trips, respectively,
also from Example 6-9. The attractions and productions are also summed up across all
zones to determine the total attracted and produced trips.

The calculation of the attraction and production probabilities is shown in the external trip
attraction and production probability table below. All trips are in vehicles per hour. For
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example, Zone 1’s attraction probability is 349/1362 = 0.256 and its production
probability is 193/753 = 0.256.

External Trip Attractions and Productions Probabilities

Zone 1 2 3 4 Total
Total New Trips (from Example 6-9) 542 758 169 646 2115
Trip Attractions (from Example 6-9) 349 488 109 416 1362
Attraction Probability 0.256 0.358 0.080 | 0.306 | 1.000
Trip Productions (from Example 6-9) 193 270 60 230 753
Production Probability 0.256 0.359 0.080 | 0.305 | 1.000

The distribution of new external-internal trips is shown in the E-I table below. For
example, Zone 1’s new external-internal trips at External Station A are 88*0.256 = 23
vph.

External-Internal Trip Attraction Distribution

Extel:nal New E-I Trips Zone 1 Zone 2 Zone 3 Zone 4
Station
A 88 (from Example 6-12) 23 31 7 27
B 70(from Example 6-12) 18 25 6 21

The distribution of new internal-external trips is shown in the I-E table below. For
example, Zone 1’s new internal-external trips at External Station A are 81*0.256 =21
vph.

Internal-External Trip Production Distribution

Extel.'nal New I-E Trips Zone 1 Zone 2 Zone 3 Zone 4
Station
81(from Example
A 6-12) 21 29 6 25
60(from Example
B 6-12) 15 22 5 18

6.10.8 Trip Distribution of Internal — Internal Trips

After the new external-internal and internal-external trips have been distributed for each
zone, the remaining new attractions and productions are internal-internal trips. While
these attractions and productions balance in the examples for simplification, typically
they do not. The I-I table would need to be balanced using a Frater methodology (i.e. see
NCHRP Report 765). External-External proportions or zone production/attraction
probabilities may need to be slightly adjusted for balance to occur. Internal —internal (I-1)
trips are trips that both start and end in the study area. The total I-I trips are determined
by subtracting the total new E-I/I-E trips from the total new trips for each TAZ.
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https://www.trb.org/Publications/Blurbs/170900.aspx

Example 6-14 I-1 Total Trip Calculation

From the previous example, the total new attraction/production trips for each zone in
vehicles per hour are shown on the first line of the trip attractions and productions
probability table. The total E-I and I-E trips for each zone are summed up and subtracted

from the total new trips.

For Zone 1, the total new trips are 542. The total E-I trips (from Example 6-13’s trip
attraction distribution) are 23 + 18 = 41 while the I-E trips are 21 + 15 = 36 (from
Example 6-13’s trip production distribution table).

Trip Type Zone 1 Zone 2 Zone 3 Zone 4 Total
Total New Trips 542 758 169 646 2115
Total E-I trips 41 56 13 48 158
Total I-E trips 36 51 11 43 141
Total resulting I-1 trips 465 651 145 555 1816

The total I-I trips are calculated by subtracting the total E-I and I-E from the total new
trips: Total Zone 1 I-I trips = 542 — 41 — 36 = 465 trips

This is repeated for all remaining zones. Note that the table is balanced as the sum of the
total new trips minus the total E-I and I-E trips equals the sum of the column totals. For
the above table: 465 + 651 + 145 + 555 = 1816 and 2115 — 158 — 141 = 1816.

To distribute the internal-internal trips for each zone, use the same distribution process as
described in Section 6.10.7. Once the total I-I trips are determined for each zone
following the process shown in Example 6-13, the total internal attractions and
productions need to be calculated. The total internal attractions are determined by
subtracting the total external-internal attractions from the total attractions. Likewise, the
total internal productions are determined from subtracting the total internal-external
productions from the total productions. Attraction probabilities are calculated by dividing
the total attractions for each zone by the total attractions. Production probabilities are
done similarly.

Example 6-15 I-I Trip Distribution

For each zone, the total i