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General Comments

The consultant sufficiently addressed the concerns raised in the second review and made the required
changes needed to clarify issues brought up in the second review.   Due to staffing limitations at TDOT
we were unable to test the actual model files at the time of the review but will do so when are able.

The key topics required for using the model are covered by the Guide.  However, other than the
directions for loading the running the existing model the instructions were not tested.  We will leave it
to the MPO staff members to determine if the User’s Guide meets their needs.

The model was not tested using alternative scenarios nor was any rigorous testing performed designed
to push the model to failure.  It is assumed that the consultant will provide the MPO staff with the
needed support  to run the model and to overcome any challenges that are encountered with its
operation.

Network Data

The added tables and descriptions sufficiently address concerns raised in the second review.

Model Input Data

The added tables and descriptions sufficiently address concerns raised in the second review.  Thank you
also for updating all of the tables and figures as well.

Trip Generation
No information reported.

Trip Distribution
No information reported.

Model Assignment Validation
The revisions made sufficiently address concerns raised in the second review.  I understand the logic of
removing products not frequently used.  In the future there should be a discussion of why they aren’t
being used before simply removing them.
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Project Level Validation

Response is sufficient.

Overall Review Comments

Responses are sufficient.
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1.0 INTRODUCTION
Kimley-Horn and Associates, Inc. (Kimley-Horn) updated the Memphis Travel Demand Model with a validated
base year of 2016 for the Memphis Urban Area Metropolitan Planning Organization (MPO). The updated model
will have the capability to forecast highway traffic and transit ridership for interim years 2020, 2030, and 2040, and
horizon year of 2050. The updated model will be used in the upcoming regional planning activities, including the
on-going maintenance and update of the Transportation Improvement Program (TIP) and Regional Transportation
Plan (RTP). Output from this model will also be used as input to the Environmental Protection Agency (EPA)’s
Motor Vehicle Emission Simulator (MOVES) air quality model for the purpose of determining air quality
conformity as part of the TIP/RTP amendment process.

Compared with the existing (2010 base year) model, the following major changes / enhancements to the model
structure and development process were made:

§ Redefined the Traffic Analysis Zone (TAZ) structure to better accommodate modeling needs for fast
growing areas.

§ Built a new highway network with automated capacity calculation equations based on HCM methodology.
Actual roadway characteristics from roadway inventory databases, such as Tennessee Department of
Transportation (TDOT) TRIMS database, as well as speed data from Here Technologies’ database were
used to develop the new network.

§ Used the latest census estimates, Census Transportation Planning Package (CTPP) 5-year data, and
employment records purchased from InfoGroup to update the base year demographic and employment
data.

§ Re-estimated trip rates, mode and destination choice targets using the 2014 household travel survey and
the transit on-board survey

§ Eliminated the journey-to-work stops model component and redefined as home-based work trip purpose.
§ Used newly collected 2016 traffic counts for base year assignment validation.
§ Checked model results for various project areas to verify the reasonableness of forecasts at project level.

The purpose of this memorandum is to document the development process and the validation results of the base
year 2016 model.

This document references the “Minimum Travel Demand Model Calibration and Validation Guidelines for
State of Tennessee, Updated 2016” in multiple locations. For reference, this document is abbreviated as "TN
Guidelines".
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1.1 Summary of 2014 Household Travel Survey
The  MPO  Household  Travel  Survey  (HTS)  was  conducted  in  the  greater  Memphis  region  in  2014.  The  data
collection and modeling effort was supported by the Memphis MPO, the Tennessee Department of Transportation
(TDOT) and the Mississippi Department of Transportation (MDOT). The HTS provides modelers and planners
an  overview  of  travel  behavior  in  the  Mid-South  region.  Abt  SRBI  conducted  the  HTS  and  was  supervised  by
Cambridge Systematics.

The goal of the survey is to collect travel information from a one percent household sample (4,500 households) in
the region. Seven counties were selected and aggregated to three broad sub-regions: Shelby County, DeSoto County,
and Rural Counties. Shelby County accounts for 73% of the population and employment in the region. DeSoto
County accounts for 12% of the population and 13% of the employment in the region. The sampling plan focused
on obtaining a representative sample of the study region’s households by including four key location and travel
behavior-based characteristics including residential location, household size, automobile ownership, and number of
workers in the sampling plan. The five-year American Community Survey (ACS) 2007-2011 was analyzed to
establish control totals for each of these dimensions.

The household travel survey data collection period lasted approximately six months beginning in early January
2014 and ending in June 2014. In total, approximately 5,154 households participated in travel diary reporting and
of those, 4,877 households provided valid 24-hour travel data. Additionally, a subsample of 44 households
participated in a supplementary data collection effort using advanced global positioning system (GPS) units for
the detailed recording of travel and location data.

A multimodal approach was used to recruit respondents and to collect survey data, including recruit and retrieval
surveys conducted via phone, web, and mail. Among the 4,877 households successfully retrieved and met data
quality standards, one-tenth of one percent of surveys were completed by phone, about 67 percent by web, and
33 percent by mail back.

Iterative proportional fitting (IPF) techniques are used to match survey responses against the general population
especially in cases where multiple dimensions must be monitored during expansion. Given the number of
household-level and person-level variables selected to support expansion for the household survey, a multi-stage
IPF framework was deemed to be the most appropriate methodology for expansion. A four-step IPF process was
designed to expand the survey data to match the ACS distribution. The variables used in each step are as follows:
§ IPF 1: Geography and household size;
§ IPF 2: IPF1 results and auto ownership;
§ IPF 3: IPF2 results and number of workers; and
§ IPF4: IPF3 results and household income.

At every step, ACS data were used to establish row and column marginal totals for control variable categories.
The household survey data were then tabulated by the control variable categories to provide an initial estimate of
the joint distribution. The joint distribution cells were factored to match row marginal totals first and then the
resulting matrix was adjusted to match column marginal totals. Row and column factoring continued until the
joint distribution of row and column sums matched the marginal estimates.

For additional details of the HTS, see “Household Survey Final Report” by Cambridge Systematics, June 2015.
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2.0 TRAFFIC ANALYSIS ZONES (TAZ) AND EXTERNAL STATIONS
The MPO’s Metropolitan Planning Area (MPA) boundary includes counties of Shelby County, Tennessee and
DeSoto County, Mississippi and portions of Fayette County, Tennessee and Marshall County, Mississippi. This is
defined as the “Memphis MPO Region”. For travel demand modeling purposes, the model boundary is expanded
to include the following eight full counties within the census Memphis-Forrest City Combined Statistical Area:
Shelby, Tipton, and Fayette counties, Tennessee; DeSoto, Marshall, Tunica, and Tate counties, Mississippi; and
Crittenden County, Arkansas. The MPO region and the model boundary is shown in Figure 2-1.

2.1 TAZ Structure
A TAZ is a geographic area that is used to divide the planning region into small, relatively homogeneous areas in
terms of land use and activity. TAZs are used to represent travel within a model study area because it is not practical
or feasible to model individual parcels for households and employment. Housing and employment data are
aggregated to the TAZ data, and the TAZs are used through the model process to calculate the origin and
destination of trips in the model.

As a part of this model update, the TAZ boundaries were updated to better model travel demand, especially for the
areas with a faster growth rate within the MPO region. Table 2-1 shows the number of TAZs in each county,
compared with the 2010 base year model.

Table 2-1 Number of Traffic Analysis Zones
State County MPA 2010 Model 2016 Model +/- %

TN

Shelby Within 1,014 1,650 +63%

Fayette
Within 41 70 +71%
Outside 55 70 +27%

Tipton Outside 100 119 +19%

MS

Desoto Within 175 463 +165%

Marshall
Within 27 83 +207%
Outside 65 74 +14%

Tunica Outside 37 60 +62%
Tate Outside 65 84 +29%

AR Crittenden Outside 150 150 0%

MPO Planning Area Total 1,257 2,266 +80%

MPO Model Total 1,729 2,823 +63%

New TAZ IDs were assigned for the TAZ and highway node layers. IDs less than 10,000 are reserved for TAZ
IDs, external station IDs, and internal and external centroids in highway node layer. The numbering scheme is as
follows:

§ IDs 1 through 9000 are reserved for internal TAZs. IDs 1 through 3999 are reserved for Shelby County,
4000 to 5999 for DeSoto County, and 6000 to 8999 for other counties.

§ IDs 9001 through 9500 are reserved for external stations. 54 external stations are used for the updated
model, with no change from the 2010 model.

The new traffic analysis zones are shown in Figure 2-2.
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Figure 2-1    Study Area Boundary
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Figure 2-2    Traffic Analysis Zones
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2.2 Base Year Demographic and Employment Data
2016 base year population and households were developed from the 2010 US Census data and the American
Community Survey (ACS) 2012-2016 estimates. Using the ACS 2012-2016 estimates at the block group level,
population and household data  for  the base year  was allocated to the corresponding TAZs based on review of
parcel data and aerial photography.

The total number of households for base year 2016 inside the MPO region is 422,496, with a total population of
1,138,896. Figure 2-3 shows the household density in units of number of households per acre. Table 2-2 shows
the population and total number of households by county.

Table 2-2 Population and Number of Households by County

County
Population (Within

MPO Region)
Population (Within
Model Boundary)

Number of
Households (Within

MPO Region)

Number of
Households (Within

Model Boundary)
Shelby TN 936,756 936,756 349,836 349,836
Fayette TN 20,350 39,499 7,812 14,960
Tipton TN 0 61,343 0 21,357
DeSoto MS 171,390 171,390 60,791 60,791

Marshall MS 10,400 35,869 4,057 13,107
Tunica MS 0 10,242 0 3,939

Tate MS 0 28,380 0 9,936
Crittenden AR 0 48,941 0 18,175

TOTAL 1,138,896 1,332,420 422,496 492,101

To determine the base year employment within the MPO area, 2016 InfoGroup data was purchased by the MPO.
This data was geocoded by address, cleaned, and allocated to the TAZs for 2016. Table 2-3 shows the
employment by county.

Table 2-3 Employment by County

County
Employment (Within

MPO Region)
Employment (Within

Model Boundary)
Shelby TN 494,267 494,267
Fayette TN 4,291 8,419
Tipton TN 0 10,454
DeSoto MS 50,637 50,637

Marshall MS 2,004 7,408
Tunica MS 0 8,943

Tate MS 0 5,768
Crittenden AR 0 19,024

TOTAL 551,199 604,920
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The employment data was grouped to the following nine categories by NAICS codes, as shown in Table 2-4.

Table 2-4 Employment Categories
Short Name

in Model
Description NAICS Code

Retail Retail 441, 442, 443, 444, 445, 446, 447, 448, 451, 452, 453, 454
Wholesale Wholesale 423, 424, 425

Service Service 621, 622, 623, 624, 711, 712, 713, 721, 722, 811, 812

Office Office
518, 519, 522, 523, 524, 525, 531, 532, 533, 541, 551, 561,
562, 611, 813, 921, 922, 923, 924, 925, 926, 928

Agriculture Agriculture 111, 112, 113, 114, 115
Mining Mining 211, 212, 213

Construction Construction 236, 237, 238

Manufacturing Manufacturing
311, 312, 313, 314, 315, 316, 321, 322, 323, 324, 325, 326,
327, 331, 332, 333, 334, 335, 336, 337, 339

TCU
Transportation/Communications
/Utilities

221, 481, 482, 483, 484, 485, 486, 487, 488, 491, 492, 493,
511, 512, 515, 517

Figure 2-4 shows the employment density in total number of employees per acre by TAZ.
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Figure 2-3    Household Density
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Figure 2-4    Employment Density
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To cross-classify the total number of households for modeling purposes, the Census Transportation Planning
Package 2016 (CTPP 2016) data set based on Census 2010 and American Community Survey (ACS) 2012-2016 5-
year data were used. CTPP 2016 data was used to develop the following four cross-classification distributions for
the Memphis MPO model:

§ Household Size (number of persons) by number of workers,
§ Household Size (number of persons) by income levels,
§ Household Size by number of children (age < 18) in household, and
§ Number of workers in household by income levels.

Using the base year 2016 household control totals, the cross-classification distribution from the CTPP 2016 data
was applied to each TAZ to obtain the number of households in each cross-classification bin. Table 2-5 shows the
percent distribution of households cross-classified by household size and income levels. Table 2-6 shows the
percent distribution of households cross-classified by household size and number of workers. Table 2-7 shows the
percent distribution of households cross-classified by household size and number of children. Table 2-8 shows the
percent distribution of households cross-classified by number of workers and income levels.

Table 2-5    Memphis MPO Household Size by Income Level Cross-classification Distribution

Persons
Income

Total
<20k 20-35k 35-100k 100k+

1 13.2% 4.1% 10.4% 1.6% 29.4%

2 6.1% 3.2% 15.1% 7.7% 32.1%

3 2.9% 1.5% 7.7% 4.4% 16.6%

4+ 3.9% 1.9% 9.1% 7.0% 21.9%

Total 26.1% 10.7% 42.4% 20.8% 100.0%

Table 2-6    Memphis MPO Household Size by Number of Workers Cross-classification Distribution

Persons
Income

Total
<20k 20-35k 35-100k 100k+

1 12.5% 4.8% 6.0% 1.2% 24.6%

2 7.1% 9.6% 20.2% 6.0% 42.8%

3 0.7% 2.0% 13.8% 10.8% 27.3%

4+ 0.0% 0.1% 2.3% 2.8% 5.3%

Total 20.3% 16.5% 42.3% 20.8% 100.0%

Table 2-7    Memphis MPO Household Size by Number of Children Cross-classification Distribution

Persons
Children

Total
0 1 2+

1 28.4% 0.0% 0.0% 28.4%

2 27.8% 3.9% 0.0% 31.7%

3 6.6% 8.1% 2.5% 17.3%

4+ 2.2% 3.5% 16.8% 22.6%

Total 65.0% 15.6% 19.4% 100.0%
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Table 2-8    Memphis MPO Number of Workers by Income Level Cross-classification Distribution

Workers
Income

Total
<20k 20-35k 35-100k 100k+

0 12.5% 4.8% 6.0% 1.2% 24.6%

1 7.1% 9.6% 20.2% 6.0% 42.8%

2 0.7% 2.0% 13.8% 10.8% 27.3%

3+ 0.0% 0.1% 2.3% 2.8% 5.3%

Total 20.3% 16.5% 42.3% 20.8% 100.0%

2.3 Base Year School Enrollment Data
K-12 school enrollment data was based on data from each states’ department of education and from the National
Center for Education Statistics (NCES). College enrollment data was based on data from Integrated Postsecondary
Education Data System (IPEDS) and college websites. The data was geocoded and totaled for each TAZ. Figure
2-5 shows the K-12 school enrollment numbers by TAZ. Figure 2-6 shows the TAZs with college enrollment.

2.4 External Stations
There are 54 external stations in the 2016 model. Figure 2-7 shows the external stations of the model. Detailed
external station data is presented separately in the external and truck model section of this memorandum.
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Figure 2-5    K-12 School Enrollment
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Figure 2-6    College Enrollment
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Figure 2-7    External Stations
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3.0 HIGHWAY AND TRANSIT NETWORK DEVELOPMENT
To simulate travel within the Memphis MPO study area, the highway network was updated to represent the
highway/street system. Development of the highway network involved identifying the network roads to be
included, developing the TransCAD line network, collecting network attributes, and populating network data in
TransCAD.

3.1 Master Network System
A single master network is used for the base year and all future year models. In TransCAD, the line layer is not the
actual model network used by the travel demand modeling system. Rather, the model network is built from the line
layer. This means the model network is developed as a selection set from the line layer. Having a selection set means
that the base and future highway networks can use a different subset of the entire street network system.

An attribute named "In Highway” in the line layer is used to identify the links to be included in the model’s highway
network building process. Active links in the base year network are identified by the “In Highway” attributes in
2016. Any new highway to be constructed in a future year will be organized in the project lookup table. This lookup
table will also include highway widening and other types of construction projects that have impact on highway
capacity.

Using a master network and a project lookup table greatly simplifies the future year scenario management. The
methodology related to future year projects and scenario management will be discussed in the next technical
memorandum for future year model development.

3.2 Update the Highway Network
The highway network TransCAD line layer was developed using TDOT’s TRIMS database, Mississippi Department
of Transportation’s (MDOT) Linear Referencing Method (LRM) roadway database, and the existing 2010 model's
line geography layer. All interstates, other freeways, arterials, and collector streets classified by TDOT, MDOT, and
Arkansas Department of Transportation (ARDOT) are included in the model network. In addition, a significant
portion of local roads were added to the model highway network for improved connectivity.

As a part of the network development process, corrections and quality checks were made to the TransCAD
network, including verifying and correcting roadway alignments, eliminating fragmented or redundant links, and
modifying disconnected intersection nodes.

Table 3-1 shows the roadway functional classification based on the Federal Highway Administration (FHWA)
classification system. Figure 3.1 shows the base year highway network links by functional classification.

3.3 Centroid Connectors
Centroid connectors are idealized links representing traffic loading points for the TAZs.  Centroid connectors are
often attached to the network at mid-block, and their placement should be consistent with land use and local road
density. TransCAD requires at least one connector per TAZ. Often, two or more connectors are coded for TAZs.

Centroid connectors are typically placed along lower functionally classified roads such as collectors and arterials.
They also might connect to principal arterials if the arterial has numerous local crossroads and a considerable
amount  of  abutting  development.  In  cases  where  many  local  roads  serve  a  large  residential  area,  it  might  be
appropriate to connect TAZ connectors to local roads, which would then be added into the network. TAZ
connectors should not be attached to limited access roads or ramps.
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For the Memphis MPO model, centroid connectors were developed using aerial photography to identify the most
appropriate loading locations.  These locations were further reviewed and refined to better reflect loading conditions
during traffic assignment model calibration and validation process.

Rural and urban zone centroid connectors were coded with functional classifications 98 and 99, respectively.
Centroid connectors are coded with very high capacities since roadway network is providing the capacity restraint
while the centroid connector is merely acting as an access point.

All internal centroid connectors were assigned with a travel speed of 25 to 35 mph based on area type. Speed limits
at each external station were used for external centroid connectors connecting external stations to the model
highway network.

Table 3-1    Roadway Functional Classification
Functional

Classification ID
Category Description

01 Rural Interstate
02 Rural Other Principal Arterial
03 Rural Ramps
06 Rural Minor Arterial
07 Rural Major Collector
08 Rural Minor Collector
09 Rural Local
98 Rural Centroid Connector
11 Urban Interstate
12 Urban Other Freeway and Expressway
13 Urban Ramps
14 Urban Other Principal Arterial
16 Urban Minor Arterial
17 Urban Major Collector
18 Urban Minor Collector
19 Urban Local
99 Urban Centroid Connector
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Figure 3-1    Memphis Highway Network
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3.4 Highway Capacity Calculation
Using the base year link attributes, the roadway capacity in the Memphis MPO model is calculated using an equation
which takes into account data such as functional classification, speed limit, lanes, median treatment, area type,
average lane width, and average shoulder width. These equations are developed based on the Highway Capacity
Manual (HCM) methodology. This method of capacity calculation has several benefits, including:

§ Better representation of capacity based on roadway attributes
§ Ability to load the model network with LOS D or E capacity
§ Hourly capacities are calculated and utilized in the time-of-day model
§ Ability to automatically recalculate capacities for future networks as improvements occur
§ Ability to make adjustments to capacity equations throughout the process

The general form of the capacity equation is:

[3-1] ࡲࡿ = × ࢉ × ࡺ ࢝ࡲ × ࢜ࢎࡲ × ࢖ࡲ × ࢋࡲ × ࢊࡲ × ࢚࢒ࢉࡲ × ࢑࢘ࢇ࢖ࡲ × ࢏(ࢉ/࢜)

ܹℎ݁݁ݎ:

ܨܵ = Maximum service flow for desired level of service

ܿ = Capacity under ideal conditions (vehicles per hour per lane)

ܰ = Number of lanes

௪ܨ = Factor due to lane and shoulder width

௛௩ܨ = Factor due to percent heavy vehicles

௣ܨ = Factor due to driver population

௘ܨ = Factor due to driving environment

ௗܨ = Factor due to directional distribution

௖௟௧ܨ = Factor for continuous left turn lane (for undivided sections)

௣௔௥௞ܨ = Factor due to on − street parking

௜(ܿ/ݒ)     = Rate of service flow for levels of service D or E

The capacity equations 3-2 through 3-7 represent the hourly link capacity calculation equations by roadway
functional classification. All capacities are calculated by direction.
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[3-2]          Interstate/Freeway Capacity Equations (Functional classification = 1, 11, or 12)

=       ࡲࡿ × ࢉ × ࡺ ࢝ࡲ × ࢜ࢎࡲ × ࢖ࡲ × ࢏(ࢉ/࢜)

Where:

ܿ         =       2,200 (two lanes)
                        2,300 (three or more lanes)

ܰ        =       Number of lanes, by direction

௪ܨ        =

Lane Width
Shoulder Width

0-1’ 2-4’ 5’+

Narrow (<=10’) 0.78 0.83 0.88
Normal (>10’) 0.90 0.95 1.00

௛௩ܨ       =       0.88

௣ܨ         =       0.90       (Rural)
                         0.92       (Urban)

௜(ܿ/ݒ)                =       0.88       (LOS D)
                                        1.00       (LOS E)
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[3-3]          Principal Arterial Capacity Equations (Functional classification = 2 or 14)

=       ࡲࡿ × ࢉ × ࡺ ࢝ࡲ × ࢜ࢎࡲ × ࢖ࡲ × ࢋࡲ × ࢚࢒ࢉࡲ × ࢑࢘ࢇ࢖ࡲ × ࢏(ࢉ/࢜)

Where:

ܿ         =
Median Type Rural Urban

Divided 1,700 1,500
Undivided 1,500 1,300

ܰ        =       Number of lanes, by direction

௪ܨ        =

Median Type Lane Width
Shoulder Width

0-1’ 2-4’ 5’+

Divided
Narrow (<=10’) 0.78 0.83 0.88
Normal (>10’) 0.90 0.95 1.00

Undivided
Narrow (<=10’) 0.78 0.82 0.86
Normal (>10’) 0.92 0.96 1.00

௛௩ܨ       =       0.90

௣ܨ         =       0.95

௘ܨ         =
Median Type Rural Urban

Divided 1.0 0.9
Undivided 0.9 0.8

௖௟௧ܨ      =       1.08       (for sections with continuous left turn lane)

௣௔௥௞ܨ   =       0.95       (for sections with on − street parking)

௜(ܿ/ݒ)                =       0.84       (LOS D)
                                        1.00       (LOS E)
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[3-4]          Minor Arterial Capacity Equations (Functional classification = 6 or 16)

=       ࡲࡿ × ࢉ × ࡺ ࢝ࡲ × ࢜ࢎࡲ × ࢖ࡲ × ࢋࡲ × ࢚࢒ࢉࡲ × ࢑࢘ࢇ࢖ࡲ × ࢏(ࢉ/࢜)

Where:

ܿ         =
Median Type Rural Urban

Divided 1,600 1,400
Undivided 1,350 1,150

ܰ        =       Number of lanes, by direction

௪ܨ        =

Median Type Lane Width
Shoulder Width

0-1’ 2-4’ 5’+

Divided
Narrow (<=9’) 0.77 0.83 0.88
Normal (>9’) 0.89 0.95 1.00

Undivided
Narrow (<=9’) 0.81 0.86 0.93
Normal (>9’) 0.94 1.00 1.05

௛௩ܨ       =       0.90

௣ܨ         =       0.98

௘ܨ         =
Median Type Rural Urban

Divided 1.0 0.9
Undivided 0.9 0.8

௖௟௧ܨ      =       1.08       (for sections with continuous left turn lane)

௣௔௥௞ܨ   =       0.95       (for sections with on − street parking)

௜(ܿ/ݒ)                =       0.84       (LOS D)
                                        1.00       (LOS E)
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[3-5]          Collector Road Capacity Equations (Functional classification = 7, 8, 17, or 18)

=       ࡲࡿ × ࢉ × ࡺ ࢝ࡲ × ࢜ࢎࡲ × ࢋࡲ × ࢚࢒ࢉࡲ × ࢑࢘ࢇ࢖ࡲ × ࢏(ࢉ/࢜)

Where:

ܿ         =
Median Type Rural Urban

Divided 1,350 1,150
Undivided 1,150 950

ܰ        =       Number of lanes, by direction

௪ܨ        =

Median Type Lane Width
Shoulder Width

0-1’ 2-4’ 5’+

Divided
Narrow (<=9’) 0.81 0.86 0.93
Normal (>9’) 0.94 1.00 1.05

Undivided
Narrow (<=9’) 0.81 0.85 0.90

Normal (>9’) 0.96 1.00 1.04

௛௩ܨ       =       0.92

௘ܨ         =
Median Type Rural Urban

Divided 1.0 0.9
Undivided 0.9 0.8

௖௟௧ܨ      =       1.08       (for sections with continuous left turn lane)

௣௔௥௞ܨ   =       0.95 (for sections with on − street parking)

௜(ܿ/ݒ)                =       0.83       (LOS D)
                                        1.00       (LOS E)
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[3-6]          Ramp Capacity Equations (Functional classification = 3 or 13)

=       ࡲࡿ × ࢉ × ࡺ ࢏(ࢉ/࢜)
Where:

ܿ         =
Ramp Type c

Rural Ramp 1,200
Urban Ramp 1,100

ܰ        =       Number of lanes, by direction

௜(ܿ/ݒ)                =       0.88       (LOS D)
                                        1.00       (LOS E)
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[3-7]          Local Road Capacity Equations (Functional classification = 9 or 19)

=       ࡲࡿ × ࢉ × ࡺ ࢝ࡲ × ࢜ࢎࡲ × ࢋࡲ × ࢊࡲ × ࢚࢒ࢉࡲ × ࢑࢘ࢇ࢖ࡲ × ࢏(ࢉ/࢜)

Where:

ܿ         =
Travel Lanes
(by Direction)

Rural Urban

Two-lane 900 800
Multi-lane 1,000 900

ܰ        =       Number of lanes, by direction

௪ܨ        =
Travel Lanes
(by Direction)

Lane Width
Shoulder Width

0-1’ 2-4’ 5’+

Two-lane
Narrow (<=9’) 0.65 0.78 0.92

Normal (>9’) 0.85 1.00 1.10

Multi-lane
Narrow (<=9’) 0.81 0.85 0.90

Normal (>9’) 0.96 1.00 1.04

௛௩ܨ       =       0.97

௘ܨ         =       0.9        (Rural)
                         0.8        (Urban)
ௗܨ         =

Travel Lanes
(by Direction)

Divided Undivided

Two-lane 0.94 0.94
Multi-lane 1.16 1.00

௖௟௧ܨ      =       1.08       (for sections with continuous left turn lane)

௣௔௥௞ܨ   =       0.95       (for sections with on − street parking)

௜(ܿ/ݒ)                =       0.83       (LOS D)
                                        1.00       (LOS E)
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3.5 Transit Network Development
Kimley-Horn took the following steps to develop the new base year 2016 transit network, using the GTFS transit
system files provided by Memphis Area Transit Authority (MATA) as the basis:

§ Developed the year 2016 transit route system, including route alignment and stop locations,
§ Developed transit route attributes table based on the actual route schedule provided by MATA,
§ Added transit walk access connectors and make necessary centroid connector adjustments,
§ Coded Park-and-Ride (PNR) facilities based on information provided by MATA, and
§ Coded fares and schedule run times by route.

All fixed-route bus routes were modeled in the transit network. The route system was coded based on MATA bus
schedules. Each route was coded as having two travel directions: inbound and outbound. Transit service headways
were coded for 4 time periods: AM peak, midday, PM peak, and night. Time periods, as defined in Section 5 of
this technical memorandum. The headway data was calculated from MATA’s published schedules.

Park-and-Ride Facility Locations

Park-and-Ride (PNR) lots provide parking for transit riders with drive access. They are the mode transfer points
for drive access riders. MATA’s 2016 service network includes seven PNR lots, as shown in Table 3-2. All PNR
lots provide free parking for potential riders, and there are no known capacity issues. In the model, all PNR lots are
coded as free parking with infinite parking capacity.

Table 3-2    Park-and-Ride Lot Locations
PNR Lot ID Description

1 Airways Transit Center

2 Mount Moriah Halle Park

3 American Way Transit Center

4 Mendenhall Square Mall

5 Raleigh Springs Mall

6 Cleveland/Madison

7 Frayser Village

Transit Speed

For existing fixed-route bus services and any future modes with no fixed guideway or exclusive lanes, transit vehicle
shares the roadway with highway traffic. Consequently, its travel speed and in-vehicle travel time should vary based
on highway congestion and level-of-service. In the Memphis MPO model, transit speed is modeled as a function
of the congested highway speed, area type, and highway functional classification. Forms of the speed curves are
provided with the following equations, with values of the parameters shown in Table 3-3.
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௧ܵ௥௔௡௦௜௧ = (1 − (ଵܭ × ܵ௛௜௚௛௪௔௬ ݂݅ ܵ௛௜௚௛௪௔௬ ≤ ܵ௖௨௧ି௢௙௙ (Case 1)

௧ܵ௥௔௡௦௜௧ = ܵ଴ + ൫ܵ௛௜௚௛௪௔௬ − ܵ௖௨௧ି௢௙௙൯ × ଶܭ ݂݅ ܵ௛௜௚௛௪௔௬ > ܵ௖௨௧ି௢௙௙ (Case 2)

ܹℎ݁݁ݎ:

௧ܵ௥௔௡௦௜௧ =  Transit Speed (mph)

ܵ௛௜௚௛௪௔௬ = Highway Speed (mph)

ܵ௖௨௧ି௢௙௙ =  Highway speed cut-off for transit speed calculation (mph)

ܵ଴ = Transit speed lower bound (mph)

ଵܭ = Slope used for case 1

ଶܭ = Slope used for case 2

Table 3-3    Parameter Values of Transit Speed Curve
Area Type Functional Classification ࢌࢌ࢕ି࢚࢛ࢉࡿ ૙ࡿ ૚ࡷ ૛ࡷ

CBD

Interstate/Freeway 30 30 0.00 0.80
Principal Arterial 30 30 0.00 0.80
Minor Arterial/Collector 12 6 0.45 0.50
Local 10 6 0.40 0.40

Urban

Interstate/Freeway 30 30 0.00 0.80
Principal Arterial 30 30 0.00 0.80
Minor Arterial/Collector 12 8 0.30 0.50
Local 10 8 0.25 0.40

Suburban

Interstate/Freeway 30 30 0.00 0.80
Principal Arterial 30 30 0.00 0.80
Minor Arterial/Collector 18 11 0.40 0.55
Local 12 9 0.30 0.45

Rural

Interstate/Freeway 30 30 0.00 0.80
Principal Arterial 30 30 0.00 0.80
Minor Arterial/Collector 18 12 0.39 0.60
Local 24 15 0.38 0.58
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4.0 INTERNAL TRIP GENERATION MODELS
Internal trip generation models were developed for the following nine trip purposes:

§ Home-based work (HBW),
§ Home-based university (HBU),
§ Home-based school (HBSC),
§ Home-based shopping (HBSP),
§ Home-based social-recreational (HBSR),
§ Home-based pick-up drop-off (HBPD),
§ Home-based other (HBO),
§ Non-home based work (NHBW), and
§ Non-home based non-work (NHBNW)

Only college student trips are defined as HBU trips. Trips made by college employees are HBW trips. Trips made
by  college  visitors  for  pickup/drop-off  purpose  are  HBPD  trips.  Trips  made  by  college  visitors  for  all  other
purposes are classified as HBO.

4.1 Internal Person Trip Productions
Two-dimensional cross-classification trip production models were developed for each internal trip purpose.
Production rates were developed using the 2015 household travel survey conducted by the MPO. The following
cross-classification categories are used:

§ By income level –  household income <$20k, $20k – $35k, $35k – $100k, and > $100k
§ By children – Zero, one, and two plus school-aged children per household
§ By worker – Zero, one, two, and three plus workers per household
§ By household size – One, two, three, and four plus persons per household

Table 4-1 shows the corresponding income categories in the 2015 Household Travel Survey and in Census CTPP
data:

Table 4-1    Household Income Categories
Income Category

in Model
Income Category in

Household Travel Survey
Income Category in

CTPP 2016

1 (< $20k) 01, 02, 03, 04 (< $20k)
01 (Less than $15,000)
02 ($15,000-$24,999)

2 ($20k - $35k) 05, 06, 07 ($20k - $35k) 03 ($25,000-$34,999)

3 ($35k - $100k) 08, 09, 10, 11, 12, 13
($35k - $100k)

04 ($35,000-$49,999)
05 ($50,000-$74,999)
06 ($75,000-$99,999)

4 (> $100k)
14, 15, 16,17, 18
(> $100k)

07 ($100,000-$149,999)
08 ($150,000 or more)
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The two-dimensional cross classification production models are as follows:

§ HBW - By income level, then by number of workers
§ HBU - By number of workers, then by household size
§ HBSC - By number of school aged children, then by household size
§ HBSP - By income level, then by household size
§ HBSR - By income level, then by household size
§ HBPD -By number of school aged children, then by household size
§ HBO - By income level, then by household size
§ NHBW - By income level, then by household size
§ NHBNW - By income level, then by household size

The household cross-classification distribution was obtained from the Census Transportation Planning Package
(CTPP) 2010 data set. The total number of households in each TAZ from Census 2010 was distributed to each
cross-classification bin by applying the distributions from the CTPP data.

Trip Production Rates

Table 4-2 through Table 4-10 show the trip production rates for each trip purpose.

Table 4-2    Trip Production Rates for Home-based Work (HBW) Trips

Workers
Income Weighted

Average<20k 20-35k 35-100k 100k+
0 - - - - -
1 0.962 1.242 1.137
2 1.847 2.111 2.255 2.141

3+ 3.165 3.692 3.334
Weighted Average 0.687 0.901 1.477 1.895 1.296

Table 4-3    Trip Production Rates for Home-based University (HBU) Trips

Persons
Worker Weighted

Average0 1 2 3+
1 0.056 - - 0.056
2 0.031 0.072 - 0.062
3 0.204 0.134 0.101 2.467

4+ 0.412 0.169 0.183 5.079
Weighted Average 0.099 0.087 0.131 0.162 0.107

Table 4-4    Trip Production Rates for Home-based School (HBSC) Trips

Persons
Children Weighted

Average0 1 2+
1 0.000 - - 0.000
2 0.008 1.090 - 0.081
3

0.096
1.195 2.073 0.825

4+ 1.208 2.713 2.265
Weighted Average 0.018 1.183 2.659 0.749
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Table 4-5    Trip Production Rates for Home-based Shopping (HBSP) Trips

Persons
Income Weighted

Average<20k 20-35k 35-100k 100k+
1 0.531 0.516 0.424 0.479
2 0.688 0.792 0.857 0.824
3 1.237 0.908 1.023

4+ 1.246 1.305 1.286
Weighted Average 0.831 0.865 0.922 0.880 0.886

Table 4-6    Trip Production Rates for Home-based Social-Recreational (HBSR) Trips

Persons
Income Weighted

Average<20k 20-35k 35-100k 100k+
1 0.222 0.322 0.291
2 0.492 0.559 0.601 0.559
3 0.549 0.711 0.654

4+ 0.658 1.540 1.839 1.450
Weighted Average 0.419 0.707 0.783 0.982 0.733

Table 4-7    Trip Production Rates for Home-based Pick-up/Drop-off (HBPD) Trips

Persons
Children Weighted

Average0 1 2+
1 0.114 - - 0.114
2 0.226 0.868 - 0.269
3 0.366 1.184 1.534 0.878

4+ 0.453 1.367 2.201 1.925
Weighted Average 0.205 1.183 2.145 0.758

Table 4-8    Trip Production Rates for Home-based Other (HBO) Trips

Persons
Income Weighted

Average<20k 20-35k 35-100k 100k+

1 0.658 0.826 0.668

2 1.110 1.277 1.375 1.252

3 1.204 1.348 1.682 1.369

4+ 1.574 1.702 2.088 1.944

Weighted Average 1.060 1.070 1.407 1.492 1.295

Table 4-9    Trip Production Rates for Non-Home Based Work (NHBW) Trips

Persons
Income Weighted

Average<20k 20-35k 35-100k 100k+

1 0.042 0.024 0.036

2 0.488 0.734 0.935 0.818

3
0.793 0.909 1.462 1.671

1.462

4+ 1.305

Weighted Average 0.306 0.549 1.013 1.317 0.846
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Table 4-10    Trip Production Rates for Non-Home Based Non-work (NHBNW) Trips

Persons
Income Weighted

Average<20k 20-35k 35-100k 100k+

1 0.950 0.818 0.890

2 1.532 1.327 1.387

3 1.913 1.880 1.891

4+ 2.785 3.021 2.947

Weighted Average 1.641 1.631 1.759 1.919 1.743

Model Application and Validation Checks

The trip production models were applied using the year 2016 demographic data. Table 4-11 compares the aggregate
person trip rates per TAZ, person, households, and employee with those contained in the TN Guidelines. Values
for  person  trips  per  TAZ  and  person  trips  per  household  are  within  the  range  of  values  described  in  the  TN
Guidelines. The value of 1.02 trips per employee is low in comparison to the TN Guidelines.

Table 4-11    Aggregate Trip Rates

Statistics
Memphis MPO

model
TN Guidelines

Low High
Person Trips/TAZ 1,420 N/A 15,000
Person Trips/Person 3.0 3.3 4.0
Person Trips/HH 8.1 8.0 10.0
HBW Trips/Employee 1.02 1.20 1.55

Table 4-12 compares the person trip rates per household with the 2009 National Household Travel Survey
(NHTS), Chattanooga and Knoxville household travel surveys. The average trip rates per household are generally
consistent with other surveys.

Table 4-12    Trip Production Rates (Person Trips / HH) by Trip Purpose

Trip Purpose Memphis 2015 Survey
NHTS 2009
TN Add-on
(Statewide)

Chattanooga
Survey

Knoxville
Survey

HBW 1.30 1.28 1.24 1.13
HBU 0.11 - - -
HBSC 0.75 0.57 0.77 0.73
HBSR 0.73 0.94 0.62 0.52
HBPD 0.76 0.60 0.70 0.81
HBSP 0.89

2.29 1.72 2.15
HBO 1.29

NHBW 0.85
3.00 2.47 2.47

NHBNW 1.74
Total 8.41 8.69 7.50 7.50
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Table 4-13 shows the percent of trips by trip purpose after applying the trip production models and compares
these with the values from the TN Guidelines and other household surveys. The results show general consistency
with other surveys and fits within the range described in the TN Guidelines.

Table 4-13   Percent Trips by Trip Purpose Compared

Trip Purpose Memphis 2015 Survey TN Guidelines
Chattanooga
2010 Survey

Knoxville
2001/2008

Survey

HBW 15.4% 12% - 24% 16% 14%
HBU 1.3%

5% - 8%
- -

HBSC 8.9% 10% 9%
HBSP 10.5% 10% - 20% 14% 19%
HBSR 8.7% 9% - 12% 8% 7%
HBPD 9.0%

14% - 28%
9% 10%

HBO 15.4% 9% 8%
NHBW 10.1%

20% - 33% 33% 33%
NHBNW 20.7%

Total 100.0% 100% 100% 100%

4.2 Internal Person Trip Attractions
No changes were made to the trip attraction models for the nine internal trip purposes. A description of the model
structure and rates are provided below.

Model Structure

Attraction models were developed from the Memphis household survey data. All models are ordinary least squares
regressions with no intercept and are of the following general form:

௜ܣ = ෍ ௝ܿ  × ௝ܧ
௝

Where:
        A୧ = Trip Attractions for trip purpose i
        c୨ = Coefficient for independent variable j
        E୨ = Value of independent variable j

The independent variables include:

§ Total Employment,
§ Total Household,
§ K-12 School Enrollment,
§ College Enrollment, and
§ One of the employment categories: Retail, Office, Service, and Wholesale.

Table 4-14 through Table 4-22 show the trip attraction models for each trip purpose.
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Table 4-14   Trip Attraction Rates for Home-based Work (HBW) Trips
Variable Coefficient

Total Employment 1.206

Table 4-15   Trip Attraction Model for Home-based University (HBU) Trips
Variable Coefficient

College Enrollment 0.805

Table 4-16   Trip Attraction Model for Home-based School (HBSC) Trips
Variable Coefficient

K-12 School Enrollment 1.309
College Enrollment 0.557

Table 4-17   Trip Attraction Model for Home-based Shopping (HBSP) Trips
Variable Coefficient

Retail 3.837

Table 4-18   Trip Attraction Model for Home-based Social-Recreational (HBSR) Trips
Variable Coefficient

Service 0.552
Total Households 0.576

Table 4-19   Trip Attraction Model for Home-based Pick-up/Drop-off (HBPD) Trips
Variable Coefficient

Service 0.599
K-12 School Enrollment 0.599

Table 4-20   Trip Attraction Model for Home-based Other (HBO) Trips
Variable Coefficient

Service 1.143
Total Households 0.544

Table 4-21    Trip Attraction Model for Non-home-based Work (NHBW) Trips
Variable Coefficient

Retail 0.529
Service 0.266
Office 0.481

Table 4-22    Trip Attraction Model for Non-home-based Non-work (NHBNW) Trips
Variable Coefficient

Service 1.493
Total Households 1.082
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This methodology allows a single database to handle all potential projects in the highway network in a compact
format. One project can be easily included in multiple scenarios and can be switched on and off with a simple click.
It significantly reduces model maintenance burden and potential errors or inconsistencies for project coding.

To facilitate project coding, a “Future Year Project” toolbox was developed for the Memphis MPO model. Figure
2-6 shows the project editor interface of this tool. The benefits of using this toolbox to code the project include
querying links to see all the associated projects, modifying or deleting a project, and adding a new project with
intuitive workflow. Details on how to use the “Future Year Project” toolbox will be provided in the Model User’s
Manual.

Figure 2-6    Project Editing Tool Box

Existing Plus Committed Network

The Existing Plus Committed (E+C) highway network was developed using the master network and project table
methodology described above. The E+C network alternative includes the improvements that were completed
between 2016 and 2020, currently under construction in 2020, or had full construction funds obligated in the MPO’s
2020-2023 Transportation Improvement Program (TIP).
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Table 2-6 shows a list of major capacity improvement projects included in the E+C highway network alternative.

Table 2-6   Major Projects in E+C Highway Network Alternative

Index
Opening

Year
Project Name From To Description

1 2017
Interstate
Boulevard

Nail Road Goodman Road New road 6 lanes divided

2 2017
Veterans
Parkway

Highway 51
East of
Wilkinsville

Widen from 2 to 5 lanes

3 2017
Church Street
at Navy Road

South of
Buford Ave

Widen from 2 to 4 lanes divided, new
traffic signal

4 2018 Poplar Avenue Kirby Parkway Poplar Estate Widen from 6 to 7 lanes
5 2018 I-269 Byhalia Road Goodman Road New road 4 lanes divided
6 2018 I-269 Highway 305 Highway 78 New road 4 lanes divided
7 2018 I-269 Craft Road Highway 305 New road 4 lanes divided

8 2018 I-269 Getwell Road
Pleasant Hill
Road

New road 4 lanes divided

9 2018 I-269 I-55 Swinnea Road New road 4 lanes divided
10 2018 I-40 SR-196 New interchange

11 2019 SR-14
Singleton
Parkway

Old Covington
Pike

Widen from 2 to 5 lanes

12 2019 Poplar Avenue I-240 Yates Widen westbound from 2 to 3 lanes

13 2020 I-55
Crump
Boulevard

Interchange improvements

14 2020
Germantown
Road

Wolf River
Boulevard

Intersection improvements

15 2020 Highway 70 Jetway
Intersection improvements, new traffic
signal

16 2020 Highway 78 Shelby Drive New interchange
17 2020 Highway 78 Holmes Rd New interchange

18 2020 Highway 78
MS/TN
Stateline

Shelby Drive Widen from 4 to 6 lanes divided

19 2020
Old
Brownsville
Road

Austin Peay Kirby Whitten Widen from 2 to 4 lanes divided

20 2020
Elvis Presley
Boulevard

Winchester
Road

Commercial
Parkway

Widen from 5 to 6 lanes divided

21 2020 SR-14
Old Covington
Pike

SR-385 Widen from 2 to 5 lanes

22 2021 SR-14 SR-385
East of Kerr-
Rosemark Road

Widen from 2 to 4 lanes divided

23 2021 Holmes Road Malone Road Highway 78 Widen from 2 to 7 lanes
24 2021 McIngvale Rd Byhalia Road Green T Road Widen/New road 4 lanes divided

25 2023
North Second
Street

I-40 Highway 51 Various improvements

26 2025 Airline Road I-40
Milton Wilson
Road

Widen from 2 to 5 lanes
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Regional Transportation Plan (RTP) Network

The Regional Transportation Plan (RTP) highway network was developed using the master network and project
table methodology described above. In addition to the E+C network projects, the RTP network alternative includes
the fiscally constrained projects for 2025 through 2050, adopted by the MPO in its Livability 2050 RTP. See
Chapter 8.2 of the Livability 2050: Regional Transportation Plan adopted on September 12, 2019 for detailed
description of projects.

Table 2-7 shows a list of major capacity improvement projects included in the RTP highway network alternative.

Table 2-7   Major Projects in RTP Highway Network Alternative

Index
Opening

Year
Project Name From To Description

1
2025

Donelson Farms
Parkway Airline Road Near I-269/SR-385

Construct new 2 lane
roadway

2
2025

Forest Hill Irene
Road Poplar Avenue

Wolf River
Boulevard

Widen from 2 to 3
lanes

3
2025 Hacks Cross Road SR-175/Shelby Drive Stateline Road

Widen from 2 to 7
lanes

4
2025 I-240 Airways Boulevard N/A

Reconstruct
interchange

5
2025

Kirby/Whitten
Parkway Mullins Station Road Skylar Mill Road

Widen from 2 to 4
lanes

6
2025

Memphis Innovation
Corridor

William Hudson
Transit Center

University of
Memphis

Various improvements
related to BRT

7
2025

SR-1 (Summer
Avenue) I-40

0.1 mile north of
Sycamore View Road Widen to 7 lanes

8 2025 SR-385 I-240 Ridgeway Road Add WB auxiliary lane

9
2025

US-51/SR-3 (Elvis
Presley Boulevard) Craft Road

South of Winchester
Road

Widen from 4 to 6
lanes with median

10
2025

US-51/SR-3 (Elvis
Presley Boulevard) Shelby Drive Craft Road

Widen from 4 to 6
lanes with median

11
2025 US-70 Canada Road

Chambers Chapel
Road

Change 4 lanes to 3
lanes undivided

12
2025

US-72 (Poplar
Avenue) East of I-240 East of Yates Road Add westbound lane

13
2025 SR-57 Widening

Collierville Arlington
Road/ Eastley Street SR-385

Widen from 2 to 5
lanes

14
2025

US-72/SR-57
(Poplar Avenue) Kimbrough Road Brachton Avenue Widen to 7 lanes

15
2025

US-78/SR-4 (Lamar
Avenue)

Raines/Perkins Road
interchange

south of Shelby
Drive

Widen from 4 to 6
lanes (divided)

16
2025

US-78/SR-4 (Lamar
Avenue)

SR-176 (Getwell
Road)

Raines/Perkins Road
interchange

Widen from 4 to 6
lanes (divided)

17
2025 Wilkinsville Road US-51 Veterans Parkway

Extension of a 5 lane
roadway

18
2025

Winchester Road at
Perkins Road N/A N/A

Reconstruct
interchange to a SPUI
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Index
Opening

Year
Project Name From To Description

19
2025 New Canada Rd I-40 US-70/SR-1

New 4 lane divided
highway

20
2025

Walnut Grove
Road/SR-23 Houston Levee Road Rocky Point Road

Widen from 2 to 6
lanes (divided)

21
2025

Getwell Road - MS
747 Star Landing Road Church Road

Widen to 4 lanes
divided

22
2025

Commerce Street
Extension Della Street Jaybird Road New 3 lane road

23
2025

SR-304 at McIngvale
Road N/A N/A Construct interchange

24
2025

Star Landing Road
(Segment 2) Illinois Central RR Lacey Blvd

Widen from 2 to 4
lanes (divided)

25
2030 Holmes Road Hacks Cross Road Riverdale Road

Widen from 2 to 4
lanes

26 2030
Old Brownsville
Road

Kirby Whitten
Parkway Shadowlawn Road

Widen from 2 to 5
lanes

27 2030
Kirby/Whitten
Parkway Walnut Grove Road Mullins Station Road

New 4-lane divided
roadway

28 2030
Kirby/Whitten
Parkway Skylar Mill Road Macon Road

Widen from 2 to 4
lanes

29 2030 Plough Boulevard Winchester Road N/A New interchange

30 2030 US-70/US-79/SR-1  East of Airline Road East of Chester Road
Widen from 2 to 4
lanes (divided)

31 2030 US-70/US-79/SR-1
East of Chester
Street

Milton Wilson
Boulevard

Widen from 2 to 5
lanes

32 2030 Houston Levee Road Walnut Grove Road Wolf River Bridge
Widen from 2 to 4
lanes

33 2030 I-240 I-55 I-40
Widen from 6 to 8
lanes

34 2030 Poplar Avenue N Bellevue Blvd Front Street
Reduce from 6/7 lanes
to 5 lanes

35 2030 N 2nd Street-Phase 2 Cedar Avenue
South of Wolf River
Bridge 4 lanes divided

36 2030 N 2nd Street-Phase 3
South of Wolf River
Bridge US-51 4 lanes divided

37 2030
Shadowlawn
Road/Appling Road

Old Brownsville
Road

Madison Woods
Drive Widen to 84-ft ROW

38 2030 Shelby Drive Paul Lowry Road Weaver Road
New 4 lanes / Widen
from 2 to 4 lanes

39 2030 Shelby Drive Sycamore Road US-72
Widen from 2 to 4
lanes (divided)

40 2030
SR-1 (Summer
Avenue)

0.1 mile north of
Sycamore View Road

0.1 mile north of
Elmore Road Widen to 7 lanes

41 2030 Tchulahoma Road Shelby Drive Christine Road
Widen from 2 to 5
lanes

42 2030
US-72/SR-57
(Poplar Avenue) Dogwood Road Kimbrough Road

Widen to 6 lanes
(divided)
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Index
Opening

Year
Project Name From To Description

43 2030 Pleasant Hill Road Church Road Nail Road
Widen from 2 to 5 lane
boulevard

44 2030 Nail Road Extension Interstate Boulevard Pepper Chase Drive New 3 lane road
45 2035 Appling Road Cordova Club Drive Dusty Lane New 4 lane road

46 2035 Holmes Road Weaver Road Horn Lake Road
Widen from 2 to 5
lanes

47 2035 W Holmes Road Mill Branch Road Tchulahoma Road
Widen existing 4 and 2
lane to 7 lanes

48 2035 I-40
SR-177
(Germantown Road)

1 mile east of Canada
Road

Widen from 6 to 8
lanes

49 2035 I-40
1.0 mile east of
Canada Road

SR-205 (Collierville-
Arlington Road)

Widen from 4 to 6
lanes

50 2035
I-40 at SR-3/SR-4
(Second Street) N/A N/A Modify interchange

51 2035 Paul R Lowry Road Shelby Drive Electrolux Drive
Widen from 2 and 3
lanes to 5 lanes

52 2035
Raines Road at SR-
176 (Getwell Road) N/A N/A

Construct new
interchange

53 2035
SR-14 (Austin Peay
Highway)

East of Kerrville-
Rosemark Road Tipton County line

Widen from 2 to 4
lanes (divided)

54 2035
US-72/SR-57
(Poplar Avenue)

Poplar Estates
Parkway New Riverdale Road Widen to 7 lanes

55 2035 Walnut Grove Road Walnut Bend Road Rocky Point Road

Widen 4 and 2 lane
roadway to 6 lanes
divided

56 2035
Getwell Road (MS-
747) Star Landing Road Pleasant Hill Road

Widen from 2 to 5
lanes

57 2035 Nail Road Extension Elmore Road Swinnea Road
Widen 2 lanes to 3
lanes

58 2035 Getwell Road Byhalia Road Commerce Street
Widen from 2 to 4
lanes

59 2040 Beverle Rivera Drive Canada Road Seed Tick Road
Widen from 2 to 4
lanes

60 2040 Holmes Road
South Third (US-
61/SR-14)

Weaver Street (SR-
175)

Widen from 2 to 5
lanes

61 2040 I-69
0.8 mile east of US-
51 south of SR-388

New Roadway 4 lanes
divided

62 2040 Johnson Road Poplar Avenue
Wolf River
Boulevard

Widen from 2 to 3
lanes

63 2040 Macon Road Houston Levee Road Berryhill Road
Widen from 2 to 4
lanes

64 2040 SR -175 Shelby Drive Jasper Park Lane Shelby Post Road
Widen from 2 to 6
lanes (divided)

65 2040 Swinnea Road Stateline Road Goodman Road
Widen from 2 to 3
lanes

66 2045 Beverle Rivera Drive
East of Seed Tick
Road

Chambers Chapel
Road New 2 lane road
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Index
Opening

Year
Project Name From To Description

67 2045
Chambers Chapel
Road I-40 US-70/SR-1 New road

68 2045 Chester Street Milton Wilson Road Airline Road
Widen from 2 to 3
lanes

69 2045
CN Industrial Park
Road Paul R Lowry Road Shelby Drive

Construct new 5 lane
road

70 2045

Forest
Street/Hickory
Withe Road Chester Street Fayette County Line

Widen from 2 to 3/5
lanes

71 2045 I-69 south of SR-388 South of Fite Road
New Roadway 4 lanes
divided

72 2045 I-69
Woodstock Cuba
Road

0.2 mile east of US-
51

New Roadway 4 lanes
divided

73 2045 Pleasant Hill Road Holmes Road
E Shelby Drive (SR
175) Widen to 5 lanes

74 2045
SR-205 (Airline
Road)

Donelson Farms
Parkway I-40

Widen from 2 to 4
lanes (divided)

75 2045
SR-205 (Airline
Road)

Donelson Farms
Parkway

Chester
Street/Donelson
Road

Widen from 2 to 5
lanes

76 2045 SR-205 (Navy Road) Armour Road
SR-14 (Austin Peay
Hwy)

New 4 lane road with
median

77 2045 US-70 Canada Road
Chambers Chapel
Road

Widen from 3 lanes to
5 lanes

78 2045 Walnut Grove Road
Kirby/Whitten
Parkway

Germantown
Parkway

Access management
measures and a "green
bridge"

79 2045
MS-747 (Getwell
Road) Byhalia Road Pleasant Hill Road

Widen from 2 to 4
lanes

80 2050 Florida Street McLemore Avenue  US-61 (Crump Blvd)
Widen from 2 to 3
lanes

81 2050
Forest Hill Irene
Road Walnut Grove Macon Road

Construct new 6 lane
roadway with median

82 2050 I-69 South of Fite Road
Woodstock Cuba
Road

New Roadway 4 lanes
divided

83 2050
Macon Road (SR-
193) Germantown Pkwy Cully Road

Widen from 2 lanes to
3 lanes

84 2050 Pleasant Hill Road Stateline Road Holmes Road
Widen from 2 to 3
lanes

85 2050 Airways Road Sidewinder Road Old Airways Road New 2 lane road

86 2050 Hacks Cross Road College Road Bethel Park
Widen from 2 to 5
lanes
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2.4 Future Year Transit Network Development
Development of the future year transit network mainly focuses on providing the modeling capability to incorporate
future transit services. In the Memphis MPO model, a master transit network is used to organize the future year
transit service improvements.

Master Network and Project Table Methodology

Similar to the highway master network and project table approach, all future year transit facilities can be coded with
a born year and a retire year, if applicable. Based on the target year specified in the main model interface, the model
will automatically pick up the active transit routes based on the born year, or drop the routes based on the retire
year coded in the route table. Figure 2-7 shows a screen shot of the transit route table with born year, retire year,
and network alternatives.

Figure 2-7    Transit Route Table

New transit routes can be coded in the transit route system with the anticipated born year and service characteristics.
For service improvements to existing routes, such as headway improvements or geographical extension of the route
service, a new route can be coded with the new service characteristics and born year, while the old route can be
deactivated by giving a retire year.

In addition, park-and-ride (PNR) facilities can be added or deactivated in a similar way in the highway network’s
node layer. In the node layer, the park-and-ride facilities were treated as special nodes with the “PNR_Lot” attribute
flagged as value 1. In addition, the “PNR_Born_Year” attribute identifies the anticipated born year of the PNR
facility. Based on the target year specified in the main model interface, the Model will automatically pick up the
active transit PNR facilities based on the born year.

The E+C and RTP transit networks included the Innovation Corridor Bus Rapid Transit (BRT) service and related
route changes in the transit network with a born year of 2024.
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3.0 YEAR 2050 E+C AND RTP MODEL RESULTS
Full model runs were conducted using the future year 2050 demographic and employment forecasts and the E+C
and RTP network alternatives. This section summarizes the highway and transit assignment results from the 2040
E+C and RTP scenarios.

3.1 Highway Assignment Results
For highway assignment results, Vehicle Miles of Travel (VMT) from the 2050 RTP scenario are summarized by
roadway functional classification and districts, and compared with the base year 2016 results. Model predicted traffic
volumes crossing screen lines and cut lines were compared with the base year 2016 results.

VMT Region Wide

Table 3-1 shows a comparison of the 2050 average daily VMT per capita and per household estimated by the model
with the base year 2016 model. Table 3-2 compares the 2050 daily VMTs by functional classification with 2016.
The 2050 model predicted VMT per capita of 31.9 and VMT per household of 79.8. Overall, the regional VMT
increased by 37.6% from 2016 to 2050.

Table 3-1    2050 Daily VMT per Person and Household

2016 Model 2050 RTP Model

VMT per Person 27.3 31.5
VMT per Household 73.5 86.0

Table 3-2    2050 Model Predicted Daily VMT Compared with 2016 by Functional Classification
Roadway

Functional
Classification

Model Estimated VMT %
Difference

VMT Distribution

2016 2050 2016 2050

Freeways 9,201,343 13,935,041 51.45% 34.90% 34.38%
Principal Arterials 8,005,224 11,402,427 42.44% 30.40% 28.13%
Minor Arterials 6,932,213 10,812,193 55.97% 26.30% 26.68%
Collectors 2,197,670 4,378,584 99.24% 8.30% 10.80%

Total 26,336,450 40,528,244 53.89% 100.00% 100.00%

VMT by Planning Districts

Table 3-3 shows a summary of the year 2050 model VMT at a district level using the 15 planning districts defined
in the model validation process.

Estimated Traffic at Screen Lines/Cut Lines

Table 3-4 shows the year 2050 predicted traffic volumes at the screen lines and cut lines. The location of the screen
and cut lines is shown in Technical Memorandum #1 – Base Year Model.
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Table 3-3    District Daily VMT Results Comparison

District Name
VMT %

Difference2016 2050

Memphis Downtown 572,483 844,502 48%
Memphis Central West 2,521,068 4,106,358 63%
Memphis Central East 2,846,211 3,749,177 32%
North Shelby 2,190,221 3,531,560 61%
Northeast Shelby 3,529,725 4,780,126 35%
East Shelby 4,806,281 5,812,142 21%
South Shelby 4,641,847 6,897,828 49%
DeSoto West 2,494,756 5,732,604 130%
DeSoto East 1,342,386 2,562,694 91%
Crittenden AR 2,402,867 3,238,381 35%
Tipton TN 876,268 1,448,141 65%
Fayette TN 1,778,727 2,970,869 67%
Marshall MS 1,729,041 3,082,814 78%
Tate MS 730,372 1,403,266 92%
Tunica MS 548,476 1,471,370 168%

  Table 3-4    Estimated Daily Traffic Volume at Screen Lines / Cut Lines

Screen Line / Cut  Line Name

Model Predicted
Volume Per Day %

Difference
2016 2050

S1: Model Cordon Line 205,244 333,492 62%
S2: Mississippi River 113,344 146,725 29%
S3: State Line TN-MS 311,269 518,038 66%
S4: Wolf River 730,934 905,408 24%
C5: Shelby Co Line South 308,262 508,760 65%
C6: Shelby Co Line East 114,627 176,969 54%
C7: Shelby Co Line North 46,476 78,456 69%
C8: Shelby East-West 742,098 911,014 23%
C9: I-55/240/40 (Loop South) 409,321 585,528 43%
C10: I-55/240/40 (Loop East) 461,944 522,163 13%
C11: I-55/240/40 (Loop North) 228,220 311,462 36%
C12: CBD Extended Cordon Line 244,933 361,807 48%
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Estimated Congestion Hot-spots and Level of Service (LOS)

The level of service (LOS) for roadways was developed based on the 2050 E+C model results. The level of service
is categorized as the following four levels based on the volume to capacity ratio (V/C ratio) at the daily level:

§ LOS F: V/C Ratio ≥ 1.0
§ LOS E: 0.85 ≤ V/C Ratio < 1.0
§ LOS D: 0.7 ≤ V/C Ratio < 0.85
§ LOS C or better: V/C Ratio < 0.7

For comparison purposes, the LOS map based on the 2016 base year model is shown in Figure 3-1. Figure 3-2
shows the level of service based on the 2050 E+C model run. Figure 3-3 shows the level of service based on the
2050 RTP model run.
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Figure 3-1    2016 Highway Network Level of Service
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Figure 3-2    2050 E+C Highway Network Level of Service



MEMPHIS URBAN AREA METROPOLITAN PLANNING ORGANIZATION
Regional Travel Demand Model Update

Technical Memorandum #2 – Future Year Models Page 25 of 26

Figure 3-3    2050 RTP Highway Network Level of Service
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3.2 Transit Assignment Results
This section presents the transit assignment results from the horizon year 2050 RTP network alternative. The results
are compared with the base year 2016 model results.

System-wide Measures

Table 3-5 shows the comparison of the year 2050 RTP model results with the base year model results by linked
trips, transfer rate, and total daily number of boardings. The Year 2050 model results show that the total number
of transit trips will increase by 41% from base year (2016).

Table 3-5    2050 System-Wide Performance Measures
Performance

Measures
2016 Model 2050 Model % Difference

Total Linked Trips 15,989 18,804 17.6%
Transfer Rate 1.56 1.55 -0.6%
Total Boarding 24,965 29,124 16.7%

Route group level boardings

The total number of daily boardings in route group level for the 2050 RTP model run is reported in Table 3-6.

Table 3-6    2050 Route Group Level Boarding Comparison
Route

Group ID
Route Group Name

2016 Model
Boarding

2050 Model
Boarding

% Difference

1 Southwest 3,158 3,471 9.9%
2 Southeast 5,469 5,928 8.4%
3 East 4,083 5,929 45.2%
4 North 4171 5,022 20.4%
5 N-S Crosstowns 4518 4,950 9.6%
6 E-W Crosstowns 847 1,157 36.6%
7 Trolley 2,720 2,668 -1.9%


