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Thismodel design memo is a partial deliverable for Task 3 of the Freight and Commercial Vehicle Model
Development project. The memo describes the propasesli ght and commerci al vehi
modeb Yesign developed by the RSG taaoollaboration witBMC and SHA staff.

The meno documents the plannéesign, specificatipand performance of the model, and also results from
the development ofome elements of the model designexample the estimation resodtthe

commercial vehicle models, whiehRSGteamhas completegstimatingAspectof themodel design are
expected to be revisitbyg the RSG team, BMC, and Skconjunction with other parallel efforts to
implement and update other aspects of the model systems into which the frelglarenbding integrated.

The following séions of the memoover:

1 The purpose of the SHRP 2 C20 project to develop a freight and commercial vehicle model

1 Use cases for the model

1 The system architecture which desgtie high level model entitiesyw hey interface with each
other, and the software architecture of the model

1 The model desigsf the national supply chain model and the details of its components

The model design of the freight truck touring model and the details of its components

1 The modetlesign of the commercial services touring model, including the details of its components
and the results of the model estimation work that developed the model

=

This memo is expected to form a core element of the model documentation that will be tideverat] a
of the project, and as such will be updated and added to as the model design described here is implemented
and refined during the model development, model calibration and validation, and sensitivity testing tasks.

=
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Task 3 Model Design

2.1 | BMC AND SHA NEEDS TO BE ADDRESSED THROUGH THIS PROJECT

The agenciesd appl i c aoutiinesrtheif goals fot thegroj&thRdhei2plaBin@ gr an
needs that the model is intended to support. The following list sumsereral key aspects of the
application that have informed the model design described in the memo:

1 Agency needs for information on transportation system performance with particular emphasis on the
role of freight movement and its role in the econgroigth in region, state, and nation.

1T The complexity of the regional transportation
population eastern seaboard and the presence of the congested-Bédimogton metropolitan
region, means that it is ¢éaging to model freight movement.

9 Current tools in place at the agencies have limitations, for example in their ability to model long
distance truck movements, empty truck movementdydiglad distribution, and the impacts of
port expansions and imprEaments to intermodal facilities.

9 Trucks contribute a significant portion of the transportation systems emission, including greenhouse
gases, and the agencies require tools that capture the effects of transportation system performance on
truck travel.

1 The impacts of development that supports freight movements on communities can be significant,
and the model outputs will be used to support analysis of these impacts.

1 The project, including its data development and model development efforts, represemaain imp
step to reaching the overall modeling goals of the agencies, but are taking place in parallel with other
improvement efforts and so must successfully integrate with and support those efforts, and must also
results in a roadmap for future improvemémtake place after the current project.

2.2 | HOW THE MODEL WILL ADDRESS THESE NEEDS

The proposed model is a midtrer model where freight flows and the resulting vehicles movements at the
local level are informed by and sensitiwhénges at the upper level. For example, changes over time in the
freight flows to and from a region influence the demand for long distance truck travel, but also the need for
additional local truck movements to facilitate local deliveries and pickupsents.

The model represents the complete supply chain of good movements that involve Maryland. The model
includes global suppliers and buyers who produce imports and consume exports, as well as business
establishments across the country. Sthatture supports scenario testing to understand the impacts of
changes in the economy over time, including different patterns of long haul domestic flows and imports and
exports as the domestic and international trading partners of Maryland busanggses ch

1MD_SHRP2_C20_Application_Final.PDF, Maryland SHA (2014)
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The model also moves from a traditionalaiped approach to a more realistickiased approach, where

the travel patterns of trucks are modeled to mimic the routings that dispatchers and drivers develop. These
more realistic travel patternsiaterently more responsive to the effects of congestion in the transportation
system.

The model represents the two major market segments in terms of demand for truck travel: freight movement
and nonfreight commercial vehicle mment to provide services. This complete treatment of the demand

for truck travel means that the drivers of demand can be explicitly represented in the model and the effects of
differential changes in those drivers understood. For example, freight mis\ef@ction aspects of the

regional economy such as manufacturing and other industry, as well as consumption by the regional
population, while changes in many segments of the service sector that use commercial vehicles are more
closely aligned with rega population growth.

Within the two major market segments, there is significant detail at business establishment and commodity
level within the freight movement model ainithe business establishment level within th&eight
commercial vehicle movent model to allow for different behaviors to be represented adequately.

The supply chain model, which will be integrated with the Maryland Statewide Model (MSTM), has a global
geographic scope. At its broadest, it represents imporparichexvements to and from eight international

zones. Domestic movements are represented to and from the rest of the Unites States, and the model design
includes simplified transportation networks that cover the entire continental U.S. The model&iBk the M

TAZ system which is more spatially detailed in portions of the states surrounding Maryland, and then again
more detailed within the state of Maryland. The national transportation networks are connected to more
detailed transportation networks covekagyland.

The regional freight and commercial vehicle touring models cover the BMC modeling region and will be
integrated with the BMC6s I nSITE model. They wil/l

The supply cin model covers a one year time frame, representing annual commaodity flow movements from
business to business. Within that annual time frame, commodity flows are disaggregated to individual
shipments to support the development of a daily sample of ghiporements that can be simulated in the

truck touring model.

The truck touring models construct tours in a such a way that they produce a trip list with trip timings
reported on a minute by minute basis to flexibly support more or less detailed aapigruaemes. The

tour sequencing algorithms are designed to take into anodiipté time periods for travel impedance

skims from the highway networks, which is important as plans are made to integrate the regional model with
a DTA model with many timepods.
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Task 3 Model Design

This chapter of the memo discusses expected stakeholder and model users at BMC, SHA, and other agencies,
use cases for the models, and logistical considerations for the models such as where theydwillHi® house
chapter summarizes written responses from BMC and SHA staff to questions developed by RSG in March,
2015, follow up discussions at an in person meeting held gamM€also informed by the workshop that

took place in November 2014 and otheremsations that have been take place to date during the project
Thecomplete set of questions of responses islatths Appendix A for reference, which the November

2014 workshop is documented in the Tasdenment2 me mo,
Wot kshopo.

3.1 | LIST OF ACTORS/USERS AT BMC, SHA, AND OTHER AGENCIES

At BMC, agenctechnical staff will be the users of the freight modeling sylsteareesponsible for
modelmaintenancandupdats, modelapplicatios, aalysi©f model resulisanddocumenting model

output and finding§.echnical work ialsoexpected to beerformed bynodeling consultants under contract
to stateor local agencies.

At SHA,SHA-Travel Forecasting staff, university researchers anttamttesvorking for SHA and MDOT

will be the users of this freight modeling sySteeSHA-Travel Forecasting unit will use the freight models
for developing and updating the MD Statewide Transportation Model and eéineasubdels as needed.
Universiy and/or consultant teamsay support model updat&ostday to day model use by SHAvel
Forecasting staff likely to focus oapplication of the freight models to suppgencyplanningneeds

At BMC,consumers of the output will beembes of theBRTB and related committe€ke freight model
output will be used in regional and corridor transportation decision yakioge committeest the
regional level, BMC staff uses model simulation to slmugprangeplan development and federal
transportdon conformity determinatioModel output are used iregional transportation system
performance measures of mobility, accessibility, equity, and envirompactspiresented to committees.

At thecorridor level performance measures ofdivéd ofservice, travel speeds and cost are used at the
project planning levegensitivty of these performance meastwesxisting and emerging transportation
planning scenarios such as additional traesl| laew interchanges, truck prohibitions, managed/electronic
toll lanes and freight generation scenarios such as port expansion or new intermodal transfarefacilities
important

At SHA, onsumersf the model outputwill includeseveral groups involved in different aspects of the
agencyds planning wor Kk

1 Engineers and planners working on coraddiproject planning studies

4  November 5, 2015



1 SHA/MDOT environmental teanandMDE staffinterested in understanding, freigtecific
emissions impacts

1 SHA/MDOT/DBED policy analysts lookingt theregional economic impacts of freight movement
and impacts of freight infrastructure investments on local/regional and state economy

1 SHA/MDOT staff involved in performance reporting (MAR Business Plan, MFR)

1 MDOT and SHA Freight Offices trying to understand policy impacts e.g restricting peak hour truck
operations on certain facilities, tolling scenarios for trucks etc.

1 Other stakeholders involved in various levels of decision making who might receive r@sudéesse
in printed or electronic format.

3.2 | LIST OF USE CASES

At the MPO level, a primary use of the regional travel model, including the freight modelnige gy
project prioritizationThis process includes the use of frgigiformance measures suchiglswayink
simulatedruck percentageandfreight mobility and accessibility measAreadditional aspect of long
range planning feeight scenario planning to tesnisportation capacity and policies (lane restrj¢ttimg
and managed lanes), economic location and concentration scenantesmaaldl terminal changes.

A key application from a state perspectivdeitlh understand short and leagm freight infrastructure

needs and the effect of investmentieurarious scenariésom a highway design standp@htA will use

outputs of the model to develop truck traffic prajastby vehicle classes (light/medinealvy) for

corridor segments. The vehicle class based projections will be used to devdtopdaS#hr pavement

desigmeeds. SHA is also interested in ubmgnodel outputs to inform operational strategies in a near

term (510 year planning). Understanding freight markets, floversion potential (mode/route/tivok

day) should help SHf&planent policies, select projectsérnatives thagkancegerson and freight

movementand hel p the st at e 0I'woother omgdemi panningneguetiaithei v ene s ¢
model might support are planning fock parking in the future,erge st ar ea al ong t he st
and werweight truck planning

From a corridor lanningperspective, the model will supporterstandinfyeight activityn specific
corridois 8 such asommaodity type and val@@and how that miglthange under different corridor plan
scenarios or investment alternatives.

The freight modeling system will support the prep
assumptions (VMT by source type, typd, hour, and tval speed}reight travel, especially diesel vehicles,
is a major source of NOx mobile source emissions.

Regional assessments of the economic impacts of transportation investments, with support from the freight
model to understanmpacts and relationships between economic activity, freight movement, and the



Freight and

commercial

Vehicle

Model BALTIMORE METROPOLITAN COUNCIL (BMC), MARYLAND STATE HIGHWAY
development = ADMINISTRATION (SHA)

Task 3 Model Design

transportation systems. Performance measures such as the economic activity in the region supported by the
freight movement system can potentially be developed.

lnaddi tion to the agenciesd planning needs, the res
publications, such asnualreports that include freight fadigures, and trends

3.3 | INTER-AGENCY LOGISTICS AND OPERATIONAL CONSIDERATIONS

BMC will be responsible for the maintenance, update and versioning of the urban freight and commercial
vehicle model implemented witktie INSITE modeling framework, wiSldA will be responsible for
maintenance, update and versioning of the stateyyadg shain model implemented within the MSTgl.
expected that integration between the two models will beexiaaaiton of simulateghipments from the

supply chain model within the MSTavig distance freigfdr input to the urban freight and coential

vehicle modekithin the Baltimore region InSITE modeliragnework.

BMC plansto investigate the application of sagply chaimodel in supporting Baltimore region economic
planning studies. Thr ough syply shainnsedel mairBeRb@de,s i nt ens
update and versioning with the SHA model framework management.

BMC and SHA plan to contintleeirexisting collaboration omgpects using the model systBoth
agencies have collaborated on proghating modeling setups and inpurtsaddition, collaboration occurs
in the application of the model with the simulation ofcagacity enhancement policie$ siscpricing and
managed lanes.

The SHA is engaged imvale variety of differestale of projects includirigtersection/interchange design,
corridor alternativanalysis, and special projects such as transit oriented devgiolhraedtmanaged lane
analysisequiring tavel forecasting and analysigh the implementation tifis freight modeand other
cooperative state/regional model development projects, an evolving and expanding corridor and special
project collaboration is envisioned by the agefdiedreight modeling system will provide both BMC and
SHA additional collaboramh opportunities with MDOT and other modal (water and airport) operators in
developing statewide freight plans and port related freight scenario analysis.

Protocols for database or model component sHaetngen agencies are in pISERA relies on BMt
providethelatest endorsed locally developed demographiaidateaMPO policy board approved long
range plarfor initial base and horizon year alternative

The official urban modeling frawmrk @ctivity based passenger maddlurban freight commercial vehicle
model) will reside on the BMC netlwddodel input data will be developed and maintained in spreadsheets,
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databases, and GIS layers and transferred to a compatilsledii@fiorto model executioBMC staff
anticipataising a file structure similar to the current trip based meEtgacel). Upon requestfor state

andlocal agencies, BM@f distributes the current valighteodel using the trip based file structure.
Recipients only need to copy the file structure to their hard drive and call the job script from within Cube.
Cubé application manager is useénterreplacement varissuch as horizon year

FIGURE 1: FILE STRUCTURE FOR SCENARIO MANAGEMENT

Scenario Name (TIP/Conformity)
Model (job code and model variables identical for all horizon years)
Horizon year (2010)
Inputs (horizon year specific assumptions i transportat i on net wor ks, )demogr ap

Horizon year (2020)

Inputs

The official version of the MSTM resides at-8Miifce of Planning and Preliminary Engineering. The
current version 1.0.XX uses a base year obdddrecast year of 2030. SHA will be adoptiuegsion 1.1

in the summer of®5 with a base year of 2012 @iwdecast year of 2040. The zone system of the MSTM is
developed from the MPO TAZs and census tracts and thesonimmic data and netwodke developed

from the MPO inputs.
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4.1 | MODEL FRAMEWORK

Thischapteof t he memo introduces the modeldwmoddystem ar
entitiesd the national supply chain modRISCM)ard thetwo components of therbantrucktouring

mode) thefreight trucktouring mode(FTTM) for freight andhecommercial services touring model

(CSTM) fomon-reight carrying trucksand how they interface with each other. For each of these main

modé entities, the memo describes the analytical engine, the input and output databases, and the integration
of the modelsintothelargpodel i ng systems that they will form p
and BMC6s I nSITE model

Figure2 shows the overall model system used by SHA and BMC. Each model systems contains passenger
travel demand moddlgray boxedhat are used tstimate personal travel by auto and other modes. The
freight and commercial vehicle travel dematkls being developed in Bi4RP 2 C2@rojectare shown

in green.

Thenational supply chain modeNSCM) simulates the transport of freight betweetieuapd buyer
businesses in the United States, in this case focusing on movements that involve Maryland. This model
component will be integrated within the MSTM. Its output, a list of commodity shipments by mode, is used
in two ways. First, in the MSTMmadel component connected to e@CMconverts the annual shipment

flows to daily vehicle trip tables (first blue box) that can be assigned to the national and statewide networks
(second blue box) in the MSTM along with trips tables from the passemyiefecoadly, as indicated by

the blue arrow, the list of commodity shipments by mode is extracted from the MSTM and used an input to
theFTTMi n B MC 0-based passenger inadel, INSITE.

Thefreight truck-touring model (FTTM) simulates truck movements within the Baltimore region that

deliver and pick up freight shipments at business establishments. This model component will be integrated
within the InSITE model. The model is a tbased model, and builds a set of trogks including transfer

points at which the shipment is handled before delivery/after pickup for shipments with a more complex
supply chain (i.e., a warehouse, distribution center, or consolidation center) and the suppliers and buyer of
shipments wher@adse are within the model region. The shipment list franS@G®is used as the demand

input for theFTTM and describes the magnitude and location of delivery and pick up activity in the region
that must be connected by truck movements. The model wilitgemip lists by commercial vehicle type

and time of day so that the outputs from this model can be combined with the outputsG&hividoed
appropriate trip tables from InSITE for highway assignment.

Thecommercial services touring mode{CSTM) snulates the remainder of the travel of light, medium,

and heavy trucks that is for commercial purposes, i.e., providing services and goods delivery to households
and services to businesses. This model component will also be integrated within the deSIA& vt

the FTTM, the CSTM is a tebhased model, but this time demand is derived from the characteristics of the
business establishments and households in the region and as such is not affected by the national supply chain
model. That is, vile the FT'TM simulates truck tours based on commodity flows, the CSTM generates and
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simulates truck and ligthity vehicle movements based on demand for services and goods from certain
industries.

In a similar way to the approach used in the MSTM, the outputhdrboththe FTTMand theCSTMare

converted to trip tables. In this case, a trip list from each model with trip start and end location and trip
timing information is aggregated into zone to zone trips by time period (first blue box) that can be assigned t
theregional highwayetworks (second blue box) in th8ITE modeklong with trips tables from the

passenger model

FIGURE 2: MODEL SYSTEM i TWO-AGENCY IMPLEMENTATION

Maryland Statewide Model (MSTM)

Conversion to modal

‘ trip tables
National Supply

RS Chain (Firms,

Shipments, Modes) National/Statewide
Networks

Model

BMC Regional Model (InSITE)

Freight Truck-Touring Commercial Services
Model Touring Model

[0
ge,
o
p=

Conversion to truck
trip tables

Passenger

I Regional Networks

4.2 | NATIONAL SUPPLY CHAIN MODEL

TheNSCMis a simulation of a multimodal suggigin, connecting the state with the rest of the United

States and the worlthe most recent version of tNSCMis tobetransferred from thEloridaDOT

statewide fight model to Maryland for this projetheNSCMwa s or i gi nal ly devel oped
fundedwork in Chicago and has been extended and refined for a statewide modeliing FElonitat

TheNSCMincludesomponents thaynthesizbusiness locations, trading relationships between businesses,
andthe resulting commaodity flows, distribution channel, shipment size, and mode and pditir damices
shipment made annuallyflow chart of theNSCMis shown irFigure3. The components shown in the

flow chart perform the following model steps:

Firm Synthesis

R
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1. Business Establishment SynthesisSynthesizes @llisiness establishmentshe United States and
a sample of internatiormlsiness establishmemsgginput employment data, which is spatially
detailed for the modeled region and less so for the rest of the Unitedr&tageswnth factors for
future year business synthesis
2. Annual Productionby business establishments is characterized based ortiital icldssification
3. Annual Consumptionby business establishments is characterized using relationships described in
the input output data that describe the input commaodities required to pmdowsities.
Commodity Flows
4. Buyer Seller Matching:Selectsupplier fims for each buyer firm by typhoosing one for each
commodity input required by the buyer firm.
5. Commodity Flow Allocation: Predicts the annual demand in tonnage for shipments of each
commodity type between each firm in the United Siatagnput commodity flow forecasts.
Transport/Logistics Chain Models
6. Distribution Channels. Predicts the level of complexity of the supply chain (e.g., whether it is
shipped directly or whether it passes through one or more warehouses, intermodal centers,
didribution ceters, or consolidation centers).
7. Shipment Size and FrequencyEstimates discrete shipments delivieosd the supplier to the
buyer
8. Modes and TransfersPredicts four primary modes (road, rail, air, and waterway) and transfer
locations for spments wth complex supply chaiasing inputs from modal networks including
descriptions of transfer facilities.
Modal Assignment
9. Multimodal Network Flows: The transport and logistics chain models prodisteashipments
that are ready for extraction for uséneregional truetouring model. This outputasso converted
into number ofvehicles andloadsreadyfor modal assignment(in this case, assignment is done
for all truck trips to the highway network, to prodwtputs of trucks volumes on the highway
network including to and from transfer facilities).

TheNSCMb s s p at i mdltimodal samdpartationmnetwstkat provides supply siohguts, and the
approach to integrating it the other high level ncodgbonents are discussed in the later sections of this
chapterThe individual model components, including their specifications, inputs, and outputs are described in
Chaptes.Q
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FIGURE 3: NATIONAL SUPPLY-CHAIN MODEL STRUCTURE
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4.3 | FREIGHT TRUCK TOURING MODEL

The FTTM simulates truck movements within the Baltimore region that deliver and pick up freight

shipments at business establishmEngsnost recent version of the FTTM is tatamsferred fronthe

CMAP mesoscale freight model, where the model was developed and implemented as part of research funded
by FHWA to simulate the local delivery and-pjzlof shipments in the Chicago region.

The FTTMpicks up where tHéSCMIeaves off, with a list of zeteezone shipments, some of which are
allocated to warehouse and distribution cefitee=TTM includes componenitsit sequentially group
shipments into tours, and add details to the plésios of the tours such as stop sequence, stop duration,
and tour start timé&igure4 illustrates how the model build tours, and each step is described briefly here

A 1
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1 Vehicle and TourPattern Choice The vehicle and topattern choice model (Step Figured)
is a multinomial logit model that predicts the joint choice of pmuatyg vehicle type and size. The
tour type choice is whether a shipment will be delivered on a direct tour to the delivery location, or
on a multistop tour in which the truck makes multiple deliveries eupsck he size of the vehicle
is determined jotly with tour pattern (direct or megtop), because certain vehicles support
different types of tours.

1 Number of Tours (Step 2 ifFigured). This model is a multinomial logit model that predicts the
complexity of the mulitop tour in which a shipment stop is contained. For example, a truck might
return to the start of its tour (e.g. origin distribution center) after one large loojghtrbiteak its
delivery/stop schedule into two, three, or more tours.

9 Stop Clustering(Step 3 irFigured). This model uses hierarchical clustering to dividergtmps i
spatially céocated groups that can be reasonably served by the same truck during a tour.

1 Stop SequencéStep 4 irfFigured). For multistop tours, this modelesa greedy algorithm to
sequence the stops in a reasonably efficient sequence, but not necessarily the shortest path.

9 Stop Duration (Step 5 irfFigured). This modehpplies a multinomial logit model to predict the
amount of time taken at each stop based on the size and shipment commodity.

91 Delivery Time-of-Day (Step 6 irFigured).This is a multinomial logit model that predicts the
departure time of the truck at the beginning of its tour or tours. Combining the chosen departure
time with the travel time of each trip and the predicted duration of each delivery or service stop, all
of the trips on the tour can be associated with a time period for assignment purposes. At this point,
an iterative process is used to identify tours that are too long; overlong tours are then split into tours
that meet time constraints (i.e., driver-gmifith limits).

In addition to the above model components, intermediate stop models have been developed as part of the
design and estimation of the CSTM. The intermediate stop models are being added to the FTTM after the
delivery time of day model.

The FTTMds spatial resolution, transportation net
integrating it the other high level model components are discussed in the later sections of this chapter. The
individual model components, inclgdiheir specifications, inputs, and outputs are described in Ghapter
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FIGURE 4: MODEL COMPONENTS IN THE TOUR-BASED TRUCK MODEL
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4.4 | COMMERCIAL VEHICLE TOURING MODEL

The CSTM simulates the remainder of the travel of light, medium, and heavy trucks that is for commercial
purposes, i.e., providing services and goods delivery to households and services to businesses. This model
component is newtleveloped for this project, and the work to develop an estimation dataset and estimate
the model components is described later in this memao.

As with the FTTM, the CSTM is a tdaased model, but this time demand is derived from the characteristics
of the lusiness establishments and households in the region. The CSTM generates and simulates truck and
lightduty vehicle movements based on demand for services and goods from certainTheuS®Bies

includes components that generate demand for servigemdadnd then develops truck tours to facilitate

the provision of those services and the (residential) delivery oEgobdstep in the CSTM is described

briefly here:

1 Establishment Type The establishment type model tags each synthetic establishment from the
firm synthesis model in NSCM in the modeling region with an industry type and a label that indicates
whether the establishment is a goods producer, service proitidegstoth. The model applies a
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Monte Carlo simulation method to draw from observed distributions of establishments by industry
type and stop type, constructed using truck diary data.

i Stop GeneratonThe stop generation model ppséodeacht s one
establishment by TAZ, using a count model formulation. Count models predict positive integer
values for the frequency of an event. Scheduled stops are grouped in to three market segments:
goods stops, service stops, and meeting stops.

1 Vehicle Assignment:For each stop, the vehicle assignment model assigns one of three commercial
vehicle types. These correspond to light (i.e., car, van, and pickup), mediumiitsizge
heavy/multiunit truck types. The model is formulated as a multinogitahlodel and predicts
vehicle type as a function of the establishmen
stops to be ser vddoodsasardced drmeeting.opds pur pose

1 Expected Stop Duration:The expected stop duration modelpiglied to scheduled stops
generated by the stop generation model. For each stop, expected stop duration is drawn from a
smoothed, empirical distribution of observed stop distributions for each stop type, based on truck
diary data.

91 Stop Clustering:For eah establishment, the stop clustering model groups scheduled goods, service,
and meeting stops into feasible commercial vehicle tours, based on spatial proximity, vehicle type,
total travel time, and expected stop duration.

1 Arrival Time at First Stop:For each cluster of stops forming a tour, the arrival time at the first stop
on the tour is predicted using a multinomial logit model. Based on an analysis of truck diary data,
morning and afternoon arrival times (05:01am to 05:00pm) are modekdubat htdfval, while
evening and night arrival times (05:01pm to 05:00am) are modeldubat orterval.

1 Routing SequenceGiven a set of scheduled stops and their locations on a tour, establishment
| ocation, and the ti me nogf stahlee sdraayn, ptrhoeb | neondde la | ug
determine the sequence of stops on the tour.

1 Intermediate Stop ChoiceThis component predicts whether there are any intermediate stops
between scheduled stops on a tour. The model simulates whether the driver makeseone or
intermediate stops prior to each scheduled goods or tour stop, or prior to returning to the
establishment to complete the tour. Purposes for intermediate stops include breaks/meals, vehicle
service/refueling, and personal business/other.

1 Intermediate Stop DestinationFor each intermediate stop on a tour, this model predicts a

destination TAZ. Specifically, for each interm
based on attraction factor(s), such as retail employment for break/meahdtapsmpedance
factor that accounts for travel distances. Thi

the travel distance from the current stop to each alternative destination and from each alternative
destination to the next scheduleg storeturning to the establishment. The idea is to minimize
deviations from direct paths between scheduled stop locations.
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The CSTMds spatial resolution, transportation net
integrating it the other high level model components are discussed in the later sections of this chapter. The
individual model components, inclgdiheir specifications, inputs, and outputs are described in Cliapter

4.5 | SPATIAL RESOLUTION
There are threevels of spatial resolutiosed in the model sysi@mones.

1. National and International Zones This is the broadest zone system, and it is comprised of
domestic and international zones from the Freight Analysis Framework, Version 3 (FAF3). The FAF3
was developed by the FHWA to evaluate commaodity flowekfay(seb). These zones are used
to represent all states except Maryland and th
international zones used fopionts and exports.

2. MSTM TAZs. TheNSCMis compatible with thB1S T Mspadial resolution and zone system, with
more detailettaffic analysis zon€$AZs)internal to the modeling region amddjacend b u f f er 6
statesThis zone system is used in sexavdkl processes, includiimm synthesiandsupplier
selection

3. BMC TAZs. The regionaho d e | 0 consist&\af FAZs that are smaller in size wiitigin
Baltimore metropolitan regiofhis zone system is usedboththetour-basedruckmodelsin
areas where BMC TAZs are smaller than the MSTM TAZs, business establishments are allocated to
the BMC TAZs as well as to the MSTM TAZs

=
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4.6 | MULTIMODAL NETWORKS

A multimodal transportatiaretworkis used tdacilitate the multimodal logistics costs for alternative

shipment paths to be calculated during the mode and transfer model and to allow trips to correctly partition
into their separate modal elements. This model covers the globfidwaripto and out dflarylandFour

modes of transportation are included in the network: highway, railroad, air, and waterway. The network has
three levels of spatial resolution: rail links, highway links, waterway links, and major logistics nodes are
present both nationally and regionally.

The highway network used in METM will be used in association with thelighway networks for the
mode and transfer model. The more detailed highway network in theSSMEEmodelwill be used by the
truck-touring models

In order to develop a rail network, the Center for Transportation Analysis (CTA) railroad network was used,
which is a representation of the North American railroad system that contains every railroad route in the
United States, Canada, anditethat has been active since 199& latest versidnwhen network

2 hittp://faf.ornl.gov/fafweb/Data/FAF30DDoc611.pdf
3 http://cta.ornl.gov/transnet/RailRoads.html
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development begarwas gcl5n. It only contains currently operating lines and some interlines to maintain
network connectivity. The raw network includes 20,624 nodes and 23,921 links.

Airport locations are from the Federal Aviation Administration (FAAJifpI&Gt locations National
Transportation Atlas database. This database is a geographic point database of the 19,949 aircraft landing
facilities in the United States and its territariesgeospatial data is derived from the FAA's National

Airspace System Resource Aeronautical Data Product. It is made public through the 2011 National
Transportation Atlas Database by BTS. For foreign airports, the international FAF zones thayiare locate
isidentified and used as a tabular input to the model rather than including a network representation.

The US Army Corps of Engineersd® Navigable Water wa
2011 National Transportation Atlas Databaseoimprehensive network database of the nation's navigable
waterways. The database contains data on over 40,000 port and waterway facilities in the United States and
covers waterway links between the 48 contiguous states plus Hawaii, Alaska, and Rderto Rico.

simplifying the network, a network with 6,249 nodes and 6,464 links was produced. Port point locations
obtained from the same data source; the point database contains physical information on the 9,094
commercial facilities at the principal portkénUnited States (covering coastal, great lakes, and inland

ports).

Cargo may transfer from one mode to another at certain intermodal transfer facilities. The locations of
intermodal terminal facilities are also published in the National Transportadi@atstbase. It is a point

database of the 3,280 facilities in United States with information about the supported modes. In addition, the
database provides a table of the supported cargo types for each facility (e.gnddilkesprontainerized

goods)

4.7 | MODEL INTEGRATION AND SOFTWARE DESIGN

Theoverallmodel framework and required model companegratiosis introduced abo\Eigure?):

NCSM will become a component of the MSTM while the FTTM and CSTM will become components of
INSITE. A relatively loosiategratiorbetween the modéatsenvisionedvith SHA assuming responsibility

for theNSQM that is integrated withtheir MSTM, an8MC assumingesponibility for the FTTM and
CSTMthat is integratedithin InSITE In this looséntegration,iie two models will operate independently.
Howeverthe outputs from the NSCM (shipments traveling into, out, and through@he=gibh and the
synthetic firms located within the model BMC regwiihbe provided as inputs to tirban freight

modeling systemithin InSITE

TheBMCregion is currentlyeveloping InSITEan activity basedadelof passenger trav@lhe validated

(2012) InSITE model is scheduled for completion June 2016ctiVig based odelwill disaggregate
traditional four step model person trips into eac
include: individual daily activity patternskbold value of time, school location, usual workplace location,

vehicle availability, transit pass ownership, toll pass ownership and household classification. Output: tour
generation, tour choice, tour destination, school escorting, fully jointttiaggneration, stop purpose and

tour mode.
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TheMD Statewide Transportation Mo@ISTM) is currently being updatedsbiA SHA will adopt

MSTM Versiorl.1 in Summer 2015 with a base year of 2012 and forecast year of 2040.The MSTM uses FAF
3.4 based comrdity flows to develop long distanc&X-XandH f | ows with ostandar d¢d
processes. MSTM uses a QRFbased process to develop zonal truck flows within the statewide model

region. The national and regional flows are assigned te&dagyanetwork using muitser class

equilibrium. The model runs on Cube Voyager. SHA is also developing a statewide DTA model using
DTALite as part of itdéds SHRP2 C10 and other effor

Thefreight model components are built usingmamsource code bagaitially developed for FHWAhIB

code has continued to be developed for FDOT and CMAP. This code base covers the simulation models that
encompass tiéSCM and the FTTM, and the CSTM is being implemented using the same clvde base

written using the R software platform. R is a powerful,smpgne, and flexible scripting language used by

many in statistical fields of study. It is also increasing in popularity in the transportation field; this increased
adoption is due to its ease & aad calculation speed. Enhancements made to be the freight model code
during this project will be written to leverage the-sperce nature of R, allowing the model to be

transferred to other modeling systems without infringing on proprietary saftmaneg.

Figure6 presents the general software architecture of the freight models; each of the three freight model
components conforms to this structure. The R code components are in two sections. First, the model
includes a function library in the form of an R packdge dereight (orange box), which RSG has

developed to provide rigorous code management and documentation of the core functions required to
implement the freight models. Secondly, there is a set of scripts that call functions from the rFréight library
implement each of the model components (green boxeaktér controller file acts as the main interface

for the models, initiating the model run and sequentially sourcing the script files that apply each of the
individual model component. The individuapss are consistently structured to apply a single model
component (such as firm synthesis): they load inputs, carry out any required data processing, apply the model,
save outputs, and produce summaries from that model component before passinackdottbkb

controller file. In this way, the model code is modularized and individual model components can be updated
in future phases of model development.

The R code includes functions to load model inputs (blue box), such as tabular inputs desuriblvey th

of business establishments or travel ti me ski ms,
includes functions to produce summary tabulations of results. The overall model system also includes a
component cal | e dsetoffuneiongdoded in R t6 prodace dustamizdble reports of

model outputs in the form of charts and maps grouped together in a PDF document.

Thefreight model uses functionality of @emodels with which it is to be integratedkion
transportatio networks, exported those from matrix format to list format, and to convert model outputs
from trip lists into truck trip matrices that can be loaded onto the transportation networks
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FIGURE 6: SOFTWARE ARCHITECTURE
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5.1 | FUNCTION WITHIN THE MODEL SYSTEM

The NSCM simulates the transport of freight between supplier and buyer businesses in the United States, in
this case focusing on movements that involve Maryland. The NSCM includes components thaat synthesiz
business locations, trading relationships between businesses, and the resulting commodity flows, distribution
channel, shipment size, and mode and path choices for each shipment made annually

5.2 | INTERFACES WITH OTHER MODEL COMPONENTS

The NSCM requires lande data describing business establishment locations and industry types, input
output data describing the production and consumption of commaodities by industry type, and commodity
flow data that describes the aggregate, annual movement of commdiditiesatiogd within the United

States. Travel time skims from multimodal networks are used in the mode choice component to assign
shipment flows to modes.

The NSCM produces a set of shipments that can either be converted to trip based zone to zone truck
volumes for assignment to the statewide model networks or passed to the FTTMdairimgck
simulation. The synthesized firms within the BMC model region are also used as an input to the CSTM.

5.3 | MODEL COMPONENTS
An overview of the NSCM components is gledihere, with each component described in detail below.

Firm Synthesis As shown irfrigure7, theNSCMbegins with a synthesis of firms to create individual

producers and consumers of commodities segmented by industry (NAICS codes) and firm size in order to
capture the primary drivers of commercial vehicle travel. Firms are situated spatially withisy#terne

described above. Within the state and in adjacent states within the model area, the firms are completely
disaggregate. Outside of the region and in foreign countries, symbolic firms are used to represent a specific
industry and size of firm.

Buyer-Supplier Selection Producers and consumer interests are linked through production relationships
represented in mak@duse tables from the US Bureau of Economic Analysis (BEAafpuit (10)

accounts. Producers of one commaodity seek to satisghigtwadnputs through consumption of other

commodities, which they purchase from firms that produce the needed inputs. In the proposed model

structure, buyers choose suppliers using a multinomial logit model, which matches firms based on compatible
firms szes while minimizing spatial separation. Once the spatial relationships between buyers and suppliers

are established, the amount of commodity shipped on an annual basis between each pair of firms is
apportioned from FAF commodity flows, based on thedpuyini r m6s si ze and i ndustr\
calculating shipment sizes and costs, commodities are aggregated into the 43 groups defined by the Standard
Classification of Transported Goods (SCTG).
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Distribution Channel Selection The next step is to @emine the complexity of the distribution channel

used in the suppbhain, a concept pioneered by Wisetjindawat et al4,(26683dapted by RSG for use in
Chicago. Multinomial choice models are used to determine the distribution channel basexipplieunyer

pair characteristics and characteristics of the industry; however, the data to estimate models of these
distribution channels are quite limited. The models estimated by RSG have been restricted to alternatives
describing the complexity of the mlisttion channel as represented by combinations of intermodal terminals,
warehouses, consolidation centers, and distribution centers (i.e., direct shipments, one type of intermediate
stop, two types of intermediate stops, or three or more types of irderseps).

Mode-Path Choice The modeath choice model considers all feasible combinations of truck, ralil,
waterborne, and airborne carriage. The model in use in Chicago and Florida was adapted from research
conducted by de Jong and Bdiva (200P)to predict the mode and path of lemaul movements of

freight in Norway and Sweden, based on a comprehensive accounting of transport and logistics costs. These
costs include transport and intermediate handling, inventory, deterioration and damag® deiedjreand
stockout. The mod@ath model is applied separately for each type of distribution channel, allowing different
parameters for complex supply chains and direct movements. Detailed networks of road and rail in the
United States are used, withpder functions of distance and the value of goods being transported
representing air and water modes. The modes and transfer locations on the shipment paths are determined
based on the travel time, cost, characteristics of the shipment (e.g., pexgbdibde, containerized), and
characteristics of the distribution channel (e.g., whether the shipment is routed via a warehouse,
consolidation, or distribution center, and whether the shipment includes an intermodal transfer).

Shipment Size SelectionShpment size is estimated using a multinomial logit model, considering a variety
of firm, commodity, and travel characteristics. At this step, units of analysis change from annual commodity
flows between pairs of firms to discrete shipments deliveredhé&sompplier to the buyer.

Daily Shipments and Warehouse Selectioithe list of shipments is converted from all annual shipments

to a daily sample to represent the day being modeled once the modes and intermodal transfers have been
assigned. This componeifthe model is adjustable to allow for seasonal variations in commodity flows.

This component of the model also assigns shipments to specific warehouse, distribution, and consolidation
centers if the shipment passes through one of these locations.

Trip Tables and Truck Assignment In the statewide modeling context, the daily modal shipment volumes
are converted to modal trip tables in this step. The model incorporates a multimodal transportation network
that provides suppbide information to the modeiciuding costs for different paths by different modes (or
combinations of modes) and truck assignment.

4Wisetjindawat, W. and Sano, K. 2003. A behavioral modeling isimidadion for urban freight
transportation, J. Eagtsia Soc.Transport. Stud., 5, pp. 22288.

5Jong, G.C. de and M. B&kiva.2007 A microsimulation model of shipment size andsjpart chain
choice, Special issue on freight transport of TranspofRaEsearch B, 41, pp. 8%6b.
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FIGURE 7: NATIONAL SUPPLY CHAIN MODEL COMPONENTS
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5.3.1 FIRM SYNTHESIS

The initial element of the model synthesizes all firmsUmieel States, and a sample of international firms,
in order to capture lortaul freight movements. Each firm has individual characteristics that identify the

following:
1 Where are they located?

1 How large is the firm?
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1 What industry do they operate in?
1  Which commodities do they consume?
1  Which commodities do they produce?

The geography within the region of interest (in this case, Maryland and surrounding buffer areas where
MSTM TAZs are divisions of States) is divided into counties. The geography ouwtgjida tisedefined by

FAF3 zones. This model synthesizes firms by industry category and by size category to capture the primary
drivers of commercial vehicle travel. Firm synthesis is controlled by regional, county, and state control totals.

Data Sources and Model Development

Firms by size and type are allocatddhid using available observed data sources on employment by type,
consistent with the data used in the passenger travel demand forecassinthesmlemployment dara
primarily fromCountyBusiness Patterns datdlected by the Census Bureau.

Input output data from the BE#reused to describe what each industry produces (makes) and consumes
(uses). These relationships are known as make and use tables. When multiple commoditiessed, made or
then the data represents a proportional value.

The models for firm synthesis and business location were developed originally by the University of Chicago
(Samimi et al., 2010) for the Chicago Mesoscale Freight Model (Cambridge Systematicse®11) and
translated into R by the project team for the development of the FHWA Freight Forecasting Framework
project (RSG, 2012). The model for firm synthesis is a direct enumeration process of the firms based on the
employment totals. Firms are enumeratégdogttributes: 1) industry (NAICS); and 2) the employee size
category for each geographic unit.

Model Application

Figure8 shows a schematic of firen synthesis process applied. The firm synthesis process enumerates lists

of firms, then allocates these firms to zones and identifies them as either producers (suppliers) or consumers
(buyers)Figure9is a dot density plot by county in Flofidan the Florida Statewide Model application of

this modekhowing the density of large and small firms (note that the points indicate overall density by

courty and not actual firm locations within the county).
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FIGURE 8. FIRM SYNTHESIS PROCESS.
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FIGURE 9. FIRMS IN FLORIDA BY SIZE.

A correspondence between NAICS and SCTG is used to attach a uniqgue SGIdByctoreach of the
enumerated firms. The firms are then split into producers and consumers based on whether or not they
produce any commoditi&ome industries produce more than one commodity (such as wholesale). To
account for this, the commodity tkeath firm produces is simulated based on probabilities of the multiple
commodities that it could produce. A producertiymes database is also created, which is used later in the
supplier firm selection model. A firm type is defined by a unique canthatdustry NAICS,

commodity SCTG, and the geographic ID of a firm.

A consumers/users database is created next. This consists of all the firms in the firm database merged with
processethput-Outputdata based dhe NAICSindustry codef the consumei.he processed Input

Output data identifies the SCTG commodities (in terms of value) consumed and the corresponding supplier
NAICS for each consumer industry NAIB3imit of 90% of the value consumed is used in twder

decrease computatal burdery focusing on the largest inputs to each induibEysCTG commodity for
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