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1.0 INTRODUCTION 

This model design memo is a partial deliverable for Task 3 of the Freight and Commercial Vehicle Model 

Development project. The memo describes the proposed freight and commercial vehicle model (òthe 

modeló) design developed by the RSG team in collaboration with BMC and SHA staff.  

The memo documents the planned design, specification, and performance of the model, and also results from 

the development of  some elements of the model design, for example the estimation results of the 

commercial vehicle models, which the RSG team has completed estimating. Aspects of the model design are 

expected to be revisited by the RSG team, BMC, and SHA, in conjunction with other parallel efforts to 

implement and update other aspects of the model systems into which the freight models are being integrated. 

The following sections of the memo cover: 

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

¶ Use cases for the model 

¶ The system architecture which describes the high level model entities, how they interface with each 

other, and the software architecture of the model 

¶ The model design of 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 

¶ The model design 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 delivered at the end 

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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2.0 PURPOSE OF THE FREIGHT AND COMMERCIAL VEHICLE 
MODEL 

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

The agenciesõ application for the SHRP 2 C20 grant1 outlines their goals for the project and their planning 

needs that the model is intended to support. The following list summarizes several key aspects of the 

application that have informed the model design described in the memo: 

¶ Agency needs for information on transportation system performance with particular emphasis on the 

role of freight movement and its role in the economic growth in region, state, and nation. 

¶ The complexity of the regional transportation system, with Marylandõs position in the densely 

population eastern seaboard and the presence of the congested Baltimore-Washington metropolitan 

region, means that it is challenging to model freight movement. 

¶ Current tools in place at the agencies have limitations, for example in their ability to model long 

distance truck movements, empty truck movements, local freight distribution, and the impacts of 

port expansions and improvements to intermodal facilities.  

¶  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. 

¶ 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. 

¶ The project, including its data development and model development efforts, represent an important 

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 improvements to take place after the current project. 

2.2  |  HOW THE MODEL WILL ADDRESS THESE NEEDS  

2.2.1 BEHAVIORAL IMPROVEMENTS 

The proposed model is a multi-layer model where freight flows and the resulting vehicles movements at the 

local level are informed by and sensitive to changes 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 pickups of shipments. 

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. That structure 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 businesses change. 

                                                      
1 MD_SHRP2_C20_Application_Final.PDF, Maryland SHA (2014) 
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The model also moves from a traditional trip-based approach to a more realistic tour-based approach, where 

the travel patterns of trucks are modeled to mimic the routings that dispatchers and drivers develop. These 

more realistic travel patterns are inherently more responsive to the effects of congestion in the transportation 

system. 

2.2.2 MARKET SEGMENTATION SCOPE 

The model represents the two major market segments in terms of demand for truck travel: freight movement 

and non-freight commercial vehicle movement 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 movement is a function 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 regional population growth. 

Within the two major market segments, there is significant detail at business establishment and commodity 

level within the freight movement model and at the business establishment level within the non-freight 

commercial vehicle movement model to allow for different behaviors to be represented adequately. 

2.2.3 GEOGRAPHIC SCOPE 

The supply chain model, which will be integrated with the Maryland Statewide Model (MSTM), has a global 

geographic scope. At its broadest, it represents import and export movements 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 uses the MSTM 

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 covering Maryland. 

The regional freight and commercial vehicle touring models cover the BMC modeling region and will be 

integrated with the BMCõs InSITE model. They will use the same TAZ and networks as the InSITE model. 

2.2.4 TEMPORAL SCOPE AND GRANULARITY 

The supply chain model covers a one year time frame, representing annual commodity 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 shipment movements 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 assignment approaches. The 

tour sequencing algorithms are designed to take into account multiple 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 time periods. 
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3.0 MODEL USERS, USE CASES, AND MANAGEMENT 

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 they will be housed. This 

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 at BMC, and is also informed by the workshop that 

took place in November 2014 and other conversations that have been take place to date during the project. 

The complete set of questions of responses is included as Appendix A for reference, which the November 

2014 workshop is documented in the Task 1.2 memo, òFreight Demand Modeling and Data Improvement 

Wotkshopó. 

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

3.1.1 MODEL USERS AND ROLES 

At BMC, agency technical staff will be the users of the freight modeling system who are responsible for 

model maintenance and updates, model applications, analysis of model results, and documenting model 

output and findings. Technical work is also expected to be performed by modeling consultants under contract 

to state or local agencies.    

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

will be the users of this freight modeling system. The SHA-Travel Forecasting unit will use the freight models 

for developing and updating the MD Statewide Transportation Model and other sub-area models as needed. 

University and/or consultant teams may support model updates. Most day to day model use by SHA Travel 

Forecasting staff is likely to focus on application of the freight models to support agency planning needs. 

3.1.2 MODEL OUTPUT CONSUMERS AND PERFORMANCE MEASURES 

At BMC, consumers of the output will be members of the BRTB and related committees. The freight model 

output will be used in regional and corridor transportation decision making by those committees. At the 

regional level, BMC staff uses model simulation to support long-range plan development and federal 

transportation conformity determination. Model outputs are used in regional transportation system 

performance measures of mobility, accessibility, equity, and environmental impacts presented to committees.   

At the corridor level performance measures of link level of service, travel speeds and cost are used at the 

project planning level.  Sensitivity of these performance measures to existing and emerging transportation 

planning scenarios such as additional travel lanes, new interchanges, truck prohibitions, managed/electronic 

toll lanes and freight generation scenarios such as port expansion or new intermodal transfer facilities are 

important.   

At SHA, consumers of the model outputs will include several groups involved in different aspects of the 

agencyõs planning work: 

¶ Engineers and planners working on corridor and project planning studies 
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¶ SHA/MDOT environmental teams and MDE staff interested in understanding, freight-specific 

emissions impacts 

¶ SHA/MDOT/DBED policy analysts looking at the regional economic impacts of freight movement 

and impacts of freight infrastructure investments on local/regional and state economy  

¶ SHA/MDOT staff involved in performance reporting (MAP-21, Business Plan, MFR) 

¶ 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. 

¶ Other stakeholders involved in various levels of decision making who might receive processed results 

in printed or electronic format. 

3.2  |  LIST OF USE CASES 

3.2.1 LONG-RANGE PLANNING 

At the MPO level, a primary use of the regional travel model, including the freight model, is long-range plan 

project prioritization. This process includes the use of freight performance measures such as highway link 

simulated truck percentages, and freight mobility and accessibility measures. An additional aspect of long 

range planning is freight scenario planning to test transportation capacity and policies (lane restrictions, tolling 

and managed lanes), economic location and concentration scenarios, and intermodal terminal changes. 

A key application from a state perspective will be to understand short and long-term freight infrastructure 

needs and the effect of investments under various scenarios. From a highway design standpoint, SHA will use 

outputs of the model to develop truck traffic projections by vehicle classes (light/medium/heavy) for 

corridor segments. The vehicle class based projections will be used to develop ESAL forecasts for pavement 

design needs. SHA is also interested in using the model outputs to inform operational strategies in a near 

term (5-10 year planning). Understanding freight markets, flows, diversion potential (mode/route/time-of-

day) should help SHA implement policies, select projects/alternatives that balance person and freight 

movement, and help the stateõs economic competitiveness. Two other long term planning needs that the 

model might support are planning for truck parking in the future, e.g., rest area along the stateõs highways, 

and overweight truck planning  

3.2.2 CORRIDOR STUDIES 

From a corridor planning perspective, the model will support understanding freight activity on specific 

corridors ð such as commodity type and value ð and how that might change under different corridor plan 

scenarios or investment alternatives. 

3.2.3 CONFORMITY ANALYSIS 

The freight modeling system will support the preparation of EPA MOVES softwareõs transportation related 

assumptions (VMT by source type, road type, hour, and travel speed). Freight travel, especially diesel vehicles, 

is a major source of NOx mobile source emissions. 

3.2.4 REGIONAL ECONOMIC IMPACTS 

Regional assessments of the economic impacts of transportation investments, with support from the freight 

model to understand impacts and relationships between economic activity, freight movement, and the 
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transportation systems. Performance measures such as the economic activity in the region supported by the 

freight movement system can potentially be developed. 

3.2.5 OTHER USES 

In addition to the agenciesõ planning needs, the results from models are used to support the development of 

publications, such as annual reports that include freight facts, figures, and trends. 

3.3  |  INTER-AGENCY LOGISTICS AND OPERATIONAL CONSIDERATIONS 

3.3.1 CUSTODIANSHIP 

BMC will be responsible for the maintenance, update and versioning of the urban freight and commercial 

vehicle model implemented within the InSITE modeling framework, while SHA will be responsible for 

maintenance, update and versioning of the statewide supply chain model implemented within the MSTM. It is 

expected that integration between the two models will be via an extraction of simulated shipments from the 

supply chain model within the MSTM long distance freight for input to the urban freight and commercial 

vehicle model within the Baltimore region InSITE modeling framework.  

BMC plans to investigate the application of the supply chain model in supporting Baltimore region economic 

planning studies.  Through this use, BMCõs intension is to coordinate supply chain model maintenance, 

update and versioning with the SHA model framework management.  

3.3.2 PROJECT COLLABORATION 

BMC and SHA plan to continue their existing collaboration on projects using the model system. Both 

agencies have collaborated on projects, sharing modeling setups and inputs. In addition, collaboration occurs 

in the application of the model with the simulation of non-capacity enhancement policies such as pricing and 

managed lanes.   

The SHA is engaged in a wide variety of different scales of projects including intersection/interchange design, 

corridor alternative analysis, and special projects such as transit oriented development, toll, and managed lane 

analysis requiring travel forecasting and analysis. With the implementation of this freight model and other 

cooperative state/regional model development projects, an evolving and expanding corridor and special 

project collaboration is envisioned by the agencies. The freight modeling system will provide both BMC and 

SHA additional collaboration 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 sharing between agencies are in place. SHA relies on BMC to 

provide the latest endorsed locally developed demographic data and the MPO policy board approved long-

range plan for initial base and horizon year alternatives.    

3.3.3 SOFTWARE HOSTING, DATA WAREHOUSING, AND SHARING PROTOCOL 

The official urban modeling framework (activity based passenger model and urban freight commercial vehicle 

model) will reside on the BMC network. Model input data will be developed and maintained in spreadsheets, 
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databases, and GIS layers and transferred to a compatible file format prior to model execution. BMC staff 

anticipate using a file structure similar to the current trip based method (Figure 1). Upon request, for state 

and local agencies, BMC staff distributes the current validated model 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.  

Cubeõs application manager is used to enter replacement variables such 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 ï transportation networks, demographics,é) 

 Horizon year (2020) 

  Inputs 

The official version of the MSTM resides at SHA-Office of Planning and Preliminary Engineering. The 

current version 1.0.XX uses a base year of 2007 and forecast year of 2030. SHA will be adopting a version 1.1 

in the summer of 2015 with a base year of 2012 and a forecast year of 2040. The zone system of the MSTM is 

developed from the MPO TAZs and census tracts and the socio-economic data and networks are developed 

from the MPO inputs. 
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4.0 HIGH-LEVEL MODEL ENTITIES (SYSTEM ARCHITECTURE) 

4.1  |  MODEL FRAMEWORK 

This chapter of the memo introduces the modelõs system architecture and describes its high-level model 

entities ð the national supply chain model (NSCM) and the two components of the urban truck-touring 

model, the freight truck-touring model (FTTM) for freight and the commercial services touring model 

(CSTM) for non-freight carrying trucks ð and how they interface with each other. For each of these main 

model entities, the memo describes the analytical engine, the input and output databases, and the integration 

of the models into the larger modeling systems that they will form part of, specifically, SHAõs MSTM model 

and BMCõs InSITE model.  

Figure 2 shows the overall model system used by SHA and BMC. Each model systems contains passenger 

travel demand models (gray boxes) that are used to estimate personal travel by auto and other modes. The 

freight and commercial vehicle travel demand models being developed in this SHRP 2 C20 project are shown 

in green.  

The national supply chain model (NSCM) simulates the transport of freight between supplier and 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 MSTM, a model component connected to the NSCM converts 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 passenger model. Secondly, as indicated by 

the blue arrow, the list of commodity shipments by mode is extracted from the MSTM and used an input to 

the FTTM in BMCõs activity-based passenger model, InSITE. 

The freight 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 tour-based model, and builds a set of truck tours 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 where those are within the model region. The shipment list from the NSCM is used as the demand 

input for the FTTM and describes the magnitude and location of delivery and pick up activity in the region 

that must be connected by truck movements. The model will generate trip lists by commercial vehicle type 

and time of day so that the outputs from this model can be combined with the outputs from the CSTM and 

appropriate trip tables from InSITE for highway assignment.    

The commercial services touring model (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 will also be integrated within the InSITE model. As with 

the FTTM, the CSTM is a tour-based 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, while the FTTM simulates truck tours based on commodity flows, the CSTM generates and 
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simulates truck and light-duty vehicle movements based on demand for services and goods from certain 

industries. 

In a similar way to the approach used in the MSTM, the outputs from the both the FTTM and the CSTM are 

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 to 

the regional highway networks (second blue box) in the InSITE model along with trips tables from the 

passenger model. 

FIGURE 2: MODEL SYSTEM ï TWO-AGENCY IMPLEMENTATION 

 

4.2  |  NATIONAL SUPPLY CHAIN MODEL  

The NSCM is a simulation of a multimodal supply-chain, connecting the state with the rest of the United 

States and the world. The most recent version of the NSCM is to be transferred from the Florida DOT 

statewide freight model to Maryland for this project. The NSCM was originally developed in RSGõs FHWA 

funded work in Chicago and has been extended and refined for a statewide modeling context in Florida.  

The NSCM includes components that synthesize 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. A flow chart of the NSCM is shown in Figure 3. The components shown in the 

flow chart perform the following model steps: 

Firm Synthesis 
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1. Business Establishment Synthesis: Synthesizes all business establishments in the United States and 

a sample of international business establishments using input employment data, which is spatially 

detailed for the modeled region and less so for the rest of the United States, and growth factors for 

future year business synthesis. 

2. Annual Production by business establishments is characterized based on its industrial classification 

3. Annual Consumption by business establishments is characterized using relationships described in 

the input output data that describe the input commodities required to produce commodities. 

Commodity Flows 

4. Buyer Seller Matching: Selects supplier firms for each buyer firm by type, choosing 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 States, using input 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, 

distribution centers, or consolidation centers). 

7. Shipment Size and Frequency. Estimates discrete shipments delivered from the supplier to the 

buyer. 

8. Modes and Transfers. Predicts four primary modes (road, rail, air, and waterway) and transfer 

locations for shipments with complex supply chains using inputs from modal networks including 

descriptions of transfer facilities. 

Modal Assignment 

9. Multimodal Network Flows: The transport and logistics chain models produce a list of shipments 

that are ready for extraction for use in the regional truck-touring model. This output is also converted 

into number of vehicles and loads ready for modal assignment (in this case, assignment is done 

for all truck trips to the highway network, to produce outputs of trucks volumes on the highway 

network including to and from transfer facilities).  

The NSCMõs spatial resolution, multimodal transportation networks that provides supply side inputs, and the 

approach to integrating it the other high level model components are discussed in the later sections of this 

chapter. The individual model components, including their specifications, inputs, and outputs are described in 

Chapter 5.0. 
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FIGURE 3: NATIONAL SUPPLY-CHAIN MODEL STRUCTURE 

 

4.3  |  FREIGHT TRUCK TOURING MODEL 

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

shipments at business establishments. The most recent version of the FTTM is to be transferred from the 

CMAP mesoscale freight model, where the model was developed and implemented as part of research funded 

by FHWA to simulate the local delivery and pick-up of shipments in the Chicago region.  

The FTTM picks up where the NSCM leaves off, with a list of zone-to-zone shipments, some of which are 

allocated to warehouse and distribution centers. The FTTM includes components that sequentially group 

shipments into tours, and add details to the descriptions of the tours such as stop sequence, stop duration, 

and tour start time. Figure 4 illustrates how the model build tours, and each step is described briefly here: 
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¶ Vehicle and Tour-Pattern Choice. The vehicle and tour-pattern choice model (Step 1 in Figure 4) 

is a multinomial logit model that predicts the joint choice of tour type and 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 multi-stop tour in which the truck makes multiple deliveries or pick-ups. The size of the vehicle 

is determined jointly with tour pattern (direct or multi-stop), because certain vehicles support 

different types of tours. 

¶ Number of Tours (Step 2 in Figure 4). This model is a multinomial logit model that predicts the 

complexity of the multi-stop 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 loop, or it might break its 

delivery/stop schedule into two, three, or more tours.  

¶ Stop Clustering (Step 3 in Figure 4). This model uses hierarchical clustering to divide stops into 

spatially co-located groups that can be reasonably served by the same truck during a tour. 

¶ Stop Sequence (Step 4 in Figure 4). For multi-stop tours, this model uses a greedy algorithm to 

sequence the stops in a reasonably efficient sequence, but not necessarily the shortest path.  

¶ Stop Duration (Step 5 in Figure 4). This model applies a multinomial logit model to predict the 

amount of time taken at each stop based on the size and shipment commodity. 

¶ Delivery Time-of-Day (Step 6 in Figure 4).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 shift-length 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 FTTMõs spatial resolution, transportation networks that provides supply side inputs, and the approach to 

integrating it the other high level model components are discussed in the later sections of this chapter. The 

individual model components, including their specifications, inputs, and outputs are described in Chapter 0. 
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FIGURE 4: MODEL COMPONENTS IN THE TOUR-BASED TRUCK MODEL 

 

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 newly developed for this project, and the work to develop an estimation dataset and estimate 

the model components is described later in this memo. 

As with the FTTM, the CSTM is a tour-based model, but this time demand is derived from the characteristics 

of the business establishments and households in the region. The CSTM generates and simulates truck and 

light-duty vehicle movements based on demand for services and goods from certain industries. The CSTM 

includes components that generate demand for services and goods and then develops truck tours to facilitate 

the provision of those services and the (residential) delivery of goods. Each step in the CSTM is described 

briefly here: 

¶ 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 provider, or it does both. 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.  

¶ Stop Generation: The stop generation model predicts one dayõs worth of scheduled stops for each 

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.   

¶ 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), medium/single-unit, and 

heavy/multi-unit truck types. The model is formulated as a multinomial logit model and predicts 

vehicle type as a function of the establishmentõs industry type, distance between establishment and 

stops to be served, and the stopõs purposeñgoods, services, or meeting. 

¶ Expected Stop Duration: The expected stop duration model is applied 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. 

¶ Stop Clustering: For each 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.  

¶ 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 modeled at half-hour interval, while 

evening and night arrival times (05:01pm to 05:00am) are modeled at one-hour interval. 

¶ Routing Sequence: Given a set of scheduled stops and their locations on a tour, establishment 

location, and the time of the day, the model uses a òtraveling salesman problemó algorithm to 

determine the sequence of stops on the tour. 

¶ Intermediate Stop Choice This component predicts whether there are any intermediate stops 

between scheduled stops on a tour. The model simulates whether the driver makes one or more 

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.  

¶ Intermediate Stop Destination For each intermediate stop on a tour, this model predicts a 

destination TAZ. Specifically, for each intermediate stop, the model selects a set of òeligibleó TAZ 

based on attraction factor(s), such as retail employment for break/meal stops, and an impedance 

factor that accounts for travel distances. This model uses a òrubber bandingó method that considers 

the travel distance from the current stop to each alternative destination and from each alternative 

destination to the next scheduled stop or returning to the establishment.  The idea is to minimize 

deviations from direct paths between scheduled stop locations.   
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The CSTMõs spatial resolution, transportation networks that provides supply side inputs, and the approach to 

integrating it the other high level model components are discussed in the later sections of this chapter. The 

individual model components, including their specifications, inputs, and outputs are described in Chapter 7.0. 

4.5  |  SPATIAL RESOLUTION 

There are three levels of spatial resolution used in the model systemõs zones. 

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 commodity flow data (see Figure 5). These zones are used 

to represent all states except Maryland and the surrounding òbufferó states. There are eight 

international zones used for imports and exports.  

2. MSTM TAZs. The NSCM is compatible with the MSTMõs spatial resolution and zone system, with 

more detailed traffic analysis zones (TAZs) internal to the modeling region and in adjacent òbufferó 

states. This zone system is used in several model processes, including firm synthesis and supplier 

selection.  

3. BMC TAZs. The regional modelõs TAZs consists of TAZs that are smaller in size within the 

Baltimore metropolitan region. This zone system is used for both the tour-based truck models. In 

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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FIGURE 5. FAF3 GEOGRAPHY2 

 

4.6  |  MULTIMODAL NETWORKS 

A multimodal transportation network is used to facilitate 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 global cargo flows into and out of Maryland. Four 

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 the MSTM will be used in association with the non-highway networks for the 

mode and transfer model. The more detailed highway network in the BMC InSITE model will 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, and Mexico that has been active since 19933. The latest versionñwhen network 

                                                      
2 http://faf.ornl.gov/fafweb/Data/FAF3ODDoc611.pdf  
3 http://cta.ornl.gov/transnet/RailRoads.html  

http://faf.ornl.gov/fafweb/Data/FAF3ODDoc611.pdf
http://cta.ornl.gov/transnet/RailRoads.html
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development beganñwas qc15n. 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 (FAA) GIS-airport 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 territories. The geospatial 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 they are located in 

is identified and used as a tabular input to the model rather than including a network representation. 

The US Army Corps of Engineersõ Navigable Waterway Network, which is also made public through the 

2011 National Transportation Atlas Database, is a comprehensive 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 Puerto Rico. After 

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 ports in the United 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 Transportation Atlas Database. 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.g. bulk commodities, containerized 

goods). 

4.7  |  MODEL INTEGRATION AND SOFTWARE DESIGN 

4.7.1 INTEGRATION WITH STATE AND REGIONAL MODELS 

The overall model framework and required model component integrations is introduced above (Figure 2): 

NCSM will become a component of the MSTM while the FTTM and CSTM will become components of 

InSITE. A relatively loose integration between the models is envisioned, with SHA assuming responsibility 

for the NSCM that is integrated within their MSTM, and BMC assuming responsibility for the FTTM and 

CSTM that is integrated within InSITE. In this loose integration, the two models will operate independently. 

However, the outputs from the NSCM (shipments traveling into, out, and through the BMC region, and the 

synthetic firms located within the model BMC region) will be provided as inputs to the urban freight 

modeling system within InSITE. 

The BMC region is currently developing InSITE, an activity based model of passenger travel. The validated 

(2012) InSITE model is scheduled for completion June 2016.  The activity based model will disaggregate 

traditional four step model person trips into each household memberõs daily activity pattern. Inputs will 

include: individual daily activity pattern, household 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 joint travel, stop generation, stop purpose and 

tour mode.  
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The MD Statewide Transportation Model (MSTM) is currently being updated by SHA. SHA will adopt 

MSTM Version 1.1 in Summer 2015 with a base year of 2012 and forecast year of 2040.The MSTM uses FAF 

3.4 based commodity flows to develop long distance X-X, I-X and I-I flows with òstandardó disaggregation 

processes. MSTM uses a QRFM-II based process to develop zonal truck flows within the statewide model 

region. The national and regional flows are assigned to a time-of-day network using multi-user class 

equilibrium. The model runs on Cube Voyager. SHA is also developing a statewide DTA model using 

DTALite as part of itõs SHRP2 C10 and other efforts.  

4.7.2 SOFTWARE DESIGN 

The freight model components are built using an open-source code base initially developed for FHWA. This 

code has continued to be developed for FDOT and CMAP. This code base covers the simulation models that 

encompass the NSCM and the FTTM, and the CSTM is being implemented using the same code base. It is 

written using the R software platform. R is a powerful, open-source, 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 of use and calculation speed. Enhancements made to be the freight model code 

during this project will be written to leverage the open-source nature of R, allowing the model to be 

transferred to other modeling systems without infringing on proprietary software licensing. 

Figure 6 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 package called rFreight (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 rFreight library to 

implement each of the model components (green boxes). A master 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 individual scripts 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 passing control back to the 

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 describing the number 

of business establishments or travel time skims, from the file system. Each model componentõs R script 

includes functions to produce summary tabulations of results. The overall model system also includes a 

component called òfreightvizó, a further set of functions coded in R to produce customizable reports of 

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

The freight model uses functionality of the Cube models with which it is to be integrated to skim 

transportation 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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5.0 NATIONAL SUPPLY CHAIN MODEL 

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 that synthesize 

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 land use data describing business establishment locations and industry types, input-

output data describing the production and consumption of commodities by industry type, and commodity 

flow data that describes the aggregate, annual movement of commodities to, from, and 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 FTTM for truck-touring 

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 provided here, with each component described in detail below. 

Firm Synthesis. As shown in Figure 7, the NSCM begins 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 within the zone systems 

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 make-and-use tables from the US Bureau of Economic Analysis (BEA) Input-Output (IO) 

accounts. Producers of one commodity seek to satisfy production inputs 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 sizes 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 the buying firmõs size and industry type. For purposes of 

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 determine the complexity of the distribution channel 

used in the supply-chain, a concept pioneered by Wisetjindawat et al. (2003)4, and adapted by RSG for use in 

Chicago. Multinomial choice models are used to determine the distribution channel based on buyer-supplier 

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 distribution 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 intermediate stops). 

Mode-Path Choice. The mode-path choice model considers all feasible combinations of truck, rail, 

waterborne, and airborne carriage. The model in use in Chicago and Florida was adapted from research 

conducted by de Jong and Ben-Akiva (2007)5 to predict the mode and path of long-haul 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 damage, pipeline, ordering and 

stock-out. The mode-path 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, with simpler 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., perishable, expedited, 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 Selection. Shipment 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 delivered from the supplier to the buyer. 

Daily Shipments and Warehouse Selection. The 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 component of the 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 supply-side information to the model, including costs for different paths by different modes (or 

combinations of modes) and truck assignment. 

                                                      
4 Wisetjindawat, W. and Sano, K. 2003. A behavioral modeling in micro-simulation for urban freight 

transportation, J. East. Asia Soc.Transport. Stud., 5, pp. 2193ð2208. 

5 Jong, G.C. de and M. Ben-Akiva. 2007. A micro-simulation model of shipment size and transport chain 

choice, Special issue on freight transport of Transportation Research B, 41, pp. 950ð965. 
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FIGURE 7: NATIONAL SUPPLY CHAIN MODEL COMPONENTS 

 

5.3.1 FIRM SYNTHESIS 

The initial element of the model synthesizes all firms in the United States, and a sample of international firms, 

in order to capture long-haul freight movements. Each firm has individual characteristics that identify the 

following: 

¶ Where are they located? 

¶ How large is the firm? 
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¶ What industry do they operate in? 

¶ Which commodities do they consume? 

¶ 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 outside the region is defined 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 allocated to TAZ using available observed data sources on employment by type, 

consistent with the data used in the passenger travel demand forecasting models. These employment data are 

primarily from County Business Patterns data collected by the Census Bureau. 

Input output data from the BEA are used to describe what each industry produces (makes) and consumes 

(uses). These relationships are known as make and use tables. When multiple commodities are made or used, 

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 Systematics, 2011) and were 

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 enumerated by two attributes: 1) industry (NAICS); and 2) the employee size 

category for each geographic unit. 

Model Application  

Figure 8 shows a schematic of the firm 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). Figure 9 is a dot density plot by county in Florida from the Florida Statewide Model application of 

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

county 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 unique SCTG commodity to each of the 

enumerated firms. The firms are then split into producers and consumers based on whether or not they 

produce any commodities. Some industries produce more than one commodity (such as wholesale). To 

account for this, the commodity that each firm produces is simulated based on probabilities of the multiple 

commodities that it could produce. A producer firm-types database is also created, which is used later in the 

supplier firm selection model. A firm type is defined by a unique combination of industry 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 

processed Input-Output data based on the NAICS industry code of the consumer. The processed Input-

Output data identifies the SCTG commodities (in terms of value) consumed and the corresponding supplier 

NAICS for each consumer industry NAICS. A limit of 90% of the value consumed is used in order to 

decrease computational burden by focusing on the largest inputs to each industry. The SCTG commodity for 










































































































